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3HepreTuyeckas 3¢ppeKTUBHOCTD MHTErPUPOBAHHOM Chock tor
cuctembl CO, ans oxnaxpaeHus, oTonneHus

U KOHAULMOHMPOBAHMSA BO3AYXA, B peasibHbIX

YyCNoBUAX NPUMEHeHuUs

Nishant Karve, Kris Van de Velde, Stefan Vandaele

Daikin Europe N.V., OcteHge, benbrus

AHHOTALMA

Cuctema Conveni-pack, paspabotaHHas komnahueii Daikin, npefcTaBnset coboi MHTErpMpoBaHHYIO CUCTEMY LI OXaxae-
HWS, OTON/IEHNA U KOHAMLIMOHUPOBAHMSA BO3AYXa, B KOTOPOW TENIo, BblLENSEMOE X0N0AMNBHON YCTAHOBKOM, UCMOSb3YeTCs
Ans oborpesa nomellequs. KpoMe Toro, oHa paboTaeT Kak TennoBoi Hacoc, Korfaa 3vuMoii Tpebyetcs AononHUTENbHOE 0TO-
nnexve, a netoM — oxnaxaetue. B 2019 rogy komnanus Daikin 3anyckaet HoBylo Mofienb, ucnonb3ytoluyto CO, B kayecTse
XnajareHTa, B 0N0JHEHME K cyLUecTByloLLen Mofenu Ha ocHoBe R410A. Bepeus, ucnons3sytowas CO,, umeet COP, conocra-
BUMbIiA ¢ Mofienbio R410A, Ho 3HaUMUTEIbHO MEHbLUMI 00LWMIA Ko3dduumMeHT aKkBUBaneHTHoro notennenus (TEWI), a sHaumr,
3T0 OT/IMYHbINA NPOAYKT ANs CHKeHMs Bbibpocos CO, 1 BbINONHEHUA TpeboBaHMIA, YCTAHOBMIEHHBIX €BPOMENCKUM perniaMeH-
TOM M0 UCMONb30BaHMI0 GTOPUPOBaHHbIX NapHUKOBbIX ra3oB. Komnanus Daikin Europe N.V. yyacteyeT B duHaHcupyemomM EC
npoekte (LIFE), B paMKkax KoToporo byaet usyyatbca cokpatueHue Bbibpocos CO, ¢ NOMOLLbIO MHTErPUPOBAHHOM CUCTEMBI
B peasibHbIX MarasuHax no Bcei EBpone u BiusiHMe ucnonb3yemoro cbipbs. B Teuenne 2020-2022 rr. komnanus DENV Ha-
bniofana 3a pabotoii 20 cUCTEM B peasnbHbIX YCIIOBUSX W UCC/el0Bana NoTeHLMan TenmnoBbiX akKyMYNATOPOB 1A AaNibHEN-
LUEro CHUXEHUS BbIOPOCOB.
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Energy performance of integrated CO, refrigeration,
heating and cooling system in real applications

Nishant Karve, Kris Van de Velde, Stefan Vandaele

Daikin Europe N.V., Ostend, Belgium

ABSTRACT

Conveni-pack, a Daikin product, is an integrated refrigeration, cooling and heating system that recovers heat from
the refrigeration to heat up the space. It additionally functions as a heatpump when additional heating is needed in winter and
provides cooling in summer. In 2019, Daikin launches a new model that uses CO, as refrigerant, next to the existing R-410A
model. The CO, version has comparable COP to the R-410A model so that TEWI is considerably lower and therefore an excellent
product to reduce CO, emissions and meet the requirements set by the European F-gas regulation. Daikin Europe N.V. has
engaged in an EU funded project (LIFE) in which the reduction of the CO, emissions using an integrated system in real shops
across Europe and the impact of the raw materials used will be investigated. During 20202022, DENV will monitor 20 systems
in real applications and research the potential of thermal storage to further reduce emissions.
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OPUTHAJTBHBIE VICCTIE [IOBAHNA

1. BBEAEHUE

MexnpaBuTenbCTBEHHAs FPynna IKCNepToB Mo U3MeHe-
Huo knumata (MI3UK) PamouHoii koneeHuun 00H no us-
MeHeHuto knuMata (PKUK OOH) coobwwuna o Heobxoam-
MOCTU coKpawlenns K 2050 rogy BbibBpoCOB MapHUKOBbLIX
rasoB Ha 80-95 % no cpaBHeHuto ¢ ypoBHeM 1990 ropa
ANS NPefoTBpaLLeHns HexenaTeNbHbIX NOCNeaCcTBUN U3Me-
HeHWA KmMMarTa. [l [OCTUIKEHMSA 3TOW Liesn B «JOPOXKHOM
KapTe», pa3pabotaHHon Komuccueid, npegnaraetcs Cokpa-
T K 2030 roay Beibpochl, He cBsa3aHHble ¢ CO,, BKNoyas
(TOpMpoBaHHbIE MAPHUKOBLIE rasbl, HA 72% MO CPaBHEHMIO
c ypoBHeM 1990 roga. 370 03HayaeT coKpalleHue ewle Ha 70
MWJIMOHOB TOHH BbIOPOCOB TOPMPOBAHHBIX MAPHUKOBbIX
ra3o B 3kBuBaneHTe CO, no cpaBHeHMIO ¢ npeanonaraembi-
My Bbibpocamu B 104 MnH. ToHH B 3KBMBaneHTe CO, B 2030
rogy [1]. B coOTBETCTBMM C 3TOM AMPEKTUBOMW, KOMMNaHUs
Daikin Europe N.V. peanusoBana npoeKT rnof Ha3BaHWeM
«Natural HVACR 4 Life», koTopblit HanpaBneH Ha 3aMme-
Hy (TOpUPOBaHHBLIX ra30B B KOMMEPYECKOM CEKTope ny-
TEM BHELPEHWS KOMOWHWPOBAHHOW CUCTEMbI OXNaM[e-
HUS M KoHAauumoHupoBaHus, «Conveni-pack», B KoTopoii
B KauecTBe e[MHCTBEHHOrO XnafareHTa ucnonbsyetca CO,.
lpoeKT HanpasneH Ha JEeMOHCTpaLMio LenecoobpasHocTy
ucnonb3osanua CO, B KayecTse xnaparenta (R-744) nytem
YCTAHOBKYM M0 MeHbLuen Mepe 20 TakuX KOMOUHUPOBAHHbIX
CMCTEM 1 MOHMTOPUHIA X IHEPreTMYECKOW 3P hEKTUBHOCTH
B cynepmapketax no scemy EC. Llenb paHHo# ctatbm —
onucatb paboTy YCTpoOiCTBa, METOAbl, WCMOMb3YyeMbIe

Tom 112, Ne 4, 2023

XONoanbHan TeXHMKa

npu pacyeTe 3HEPreTUYeCKoW 3P EKTUBHOCTU CUCTEMBI
OJIS pasfIMYHbIX PeXXMMOB paboTel, NpeaBapuUTeNbHbIE pe-
3yNbTaThl, NOJTyYeHHbIE B Pe3yNbTaTe MOHUTOPUHIA JaHHbIX
0 TEennoBOM KOM(OpPTe B MOMELLEHUM U IHEPreTUYECKON
3 (EeKTMBHOCTY, a TaKXKe CPaBHUTb CUCTEMY C aHanormy-
HOW 3TaNoOHHOW CMCTEMOW, B KOTOpPOM ucnonb3yetcs RA10A,
1 [PYroi CMCTEMOK, B KOTOPOM UCNONb3yeTcs ABe 0bblYHbIE
ycraHoBku Ha 6ase CO, ansa xonogwunbHoro obopynosaHusA
1 KOHAMLMOHMPOBaHWA BO3[yXa COOTBETCTBEHHO. [TocKonb-
Ky NPOEKT 3aBepLUEH TOIbKO HAMoMOBMHY, B AaHHOMN CTaTbe
BynyT npencTaBnieHbl TONbKO NpefBapuUTeNibHble pesynbTa-
Tbl. 0AHaKo, B 6yayLieM nnaHupyeTcs BbIXOL paboThbl, B KO-
Topo¥ 6ymyT paccMoTpeHbl 6onee NoHbIE U OKOHYATENbHbIE
pe3ynbTaThbl MPOEKTa.

2. METOAbI

B cnepytowwmx paspenax byaet npeactaBneHo onucaHue
CUCTEMBI, METOfbI aHann3a ee paboTbl Kak B 3KCMEpUMEH-
TanbHbIX, TaK U B peanbHbIX ycnosusx. Hapspy ¢ npea-
BapuTeSIbHbIMU pe3ynbTaTaMu paboTbl BymyT paccMoTpeHs
npobneMbl, C KOTOPbIMM CTanKuBaloTcA NofobHble cucte-
Mbl, @ TaKXKe BO3MOMHOCTU ANS [ajbHeALLero passuUTus
W aHanu3a.

2.1. OnucaHue yCTaHOBKM

Yctanoska CO, Conveni-pack komnanmu Daikin npepcras-
nseT coboii KOMOMHMPOBAHHYIO XONOLMILHYIO CUCTEMY U CU-
CTeMy KOHAMLMOHMPOBaHMS BO3Ayxa, ucnonb3ayiowyo CO,
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Puc. 1. CxemMatuueckoe nsobpaxKeHne TUNOBOMN YCTAHOBKMU.
Fig. 1. Schematic Layout of a typical installation.
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B Ka4yecTBe xJlafareHTa, u3obpaxeHHyto Ha puc. 1. Cuctema
cnocobHa obecneumBaTb OHOBPEMEHHOE X0NIOA0CHabXEeHe
1 0borpeB uK oxnaxeHue NOMELLEHUA 3a CYET UCMONb30-
BaHWA [ABYX HE33BUCUMBIX KOMMPECCOPOB HM3KOM CTYMEHMU,
paboTatoLLmx B Nape ¢ 0AHUM KOMMPECCOPOM BTOPOWA CTYMEHM.

0borpeB MOMeLLEHUA MOXET OCYLLEeCTBAATLCA W60
3a CYeT peKynepaumm Tenna ot XoNoAWIbHbIX LUKagoB, Moo
C YNMLbI Yepe3 KOHAEHCATOPHbIN arperart, KoTopbli pabotaet
KaK TenjoBom Hacoc.

B 3701 yCTaHOBKe MCNONb3YHOTCA KOMNPECCOpLI C NaBato-
LUMM POTOPOM, pa3paboTaHHele koMnanueii Daikin. Mo npuH-
uMny AeWCTBMA KOMMpEeccopbl C MaBalolMW pPOTOPOM
CXOXM C POTALMOHHBIMW, HO BMECTO CKONb3ALLEN JlonacTu
“cnonb3yeTcs NOBOPOTHasA BTYMKA, B KOTOPOW pasMeLLaeTcs
BpaLLalLLmiics nopLueHb. MocKoNbKy Takoe pacrnonoxeHue
nopLUHeN npeacTaBnfaeT coboi eanHbIA BNOK, 3T0 yMEeHbLLAET
YTEUKM U TEM CaMbIM MOBbILIAET 3PHEKTUBHOCTL paboThl
KoMnpeccopa.

2.2. AHanu3 no pe3ynbTaTtaM U3MepeHun
B MCMbITaTeNbHbIX KaMepax

2.2.1 CpasHeHue ¢ cucmemoii Ha ocHoee R410A

Y1obbl CpaBHUTL NPOM3BOAUTENBHOCTL YCTAHOBKM C ee
aHanoroM Ha ocHoee R410A, 6bin npoBegeH aHanus usmMe-
PEHUI, 3aperucTpMpOBaHHBIX B WUCMbITAaTeNbHLIX Kamepax
Ans obeunx cucteM. [1ns atoro cpaBHeHUs BbIN MCMONb30BaH
arperat MOLUHOCTbHO 15 11.c. 06enx cucTeM Npu 04UHAKOBBIX
TEMMepaTypax OKpYaloLlel cpefbl M YacToTbl UX BO3HMK-
HoBeHuA [2]. Mcxoas 13 3TUX YCIOBUI OKPYIKaIOLLEN cpefdbl,

Tabnuua 1. VicxoaHble aaHHble ans pacyeta TEWI
Table 1. Input for TEWI calculation

MNapametp R-410A R-744
GWP 20875 1
m [Kr] 20 30
L [KT/T0OR] 0,2 0,3
n [net] 10 10
a, [%] 50 50

recovery

Tabnuua 2. Touku cocTosHMA ans pacyeta SEPR ana R410A n R744
Table 2. Condition points for SEPR calculation for R-410A and R-744

Vol. 112 (&) 2023
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Obin paccunTaH Ce30HHBIA KO3IDPUUMEHT 3Heproaddek-
TuBHocTM (SEPR) mna obeux cucteM. Ha ocHoBaHum SEPR
paccuuTbiBaeTca 06WMIA KOIDPUUMEHT 3IKBUBASIEHTHOMO
notennenms (TEWI) kaxpoi cuctembl. TEWI onpepensetcs
KaK CyMMa MpAMbIX U KOCBEHHBIX BbIGPOCOB B METPUYECKUX
ToHHax 3kBuBaneHta CO, paccmaTpuBaeMoro xnapareH-
Ta [3]. 310T KO3 PMLUMEHT paccunTbIBAETCA NO CNEAYIOLLEMY
YPaBHEHWIO:

TEWI =(GWP - Ly - 1) +

1

+GWP'm'(1_arecavery)+(Eannual ﬁl’l) ( )
rae GWP — 310 noteHuMan rnobanbHoro notenneHus xna-
parenTa. [ina R410A GWP coctasnsiet 20875, a nna R744-1.
m — PacXof, XNnajareHTa B Kr, L., — YPOBEHb yTeuKu
B KT B 10/, 71 — CPOK CNIYXObl YCTAHOBKN, @y, — KO-
3 PMLUMEHT BOCCTAHOB/EHMS, 3HAUEHME KOTOPOTO HaXOAMTCA
B Ananasone ot 0 po 1. £, — 370 ronosoe notpebne-
HWe 3Heprum B KBTY, / — KOnMuecTBO KOCBEHHBIX BbIOPOCOB
B 3KBMBaneHTe KunorpamMm CO, Ha Kaxabli KBTY notpebnen-
HOM 3Hepruu. BxoaHble AaHHbIe ANd BbILLIEYNOMSAHYTHIX Napa-
METPOB NpuUBeAEHbI B Tabn. 1.

Nna pacyeta £, NCNONb30BANUCh TOUKU COCTOAHMS
06eux cucTeM, U3MepeHHble B MAEHTUYHBIX UCTbITATENbHbIX
Kamepax, rae bbiiM 3afaHbl 3HAUYEHWS XOJI0LONPOM3BOAU-
TENBHOCTW MpU PasfUYHbIX TeMrepaTypax OKpyKatoLen
cpeabl. Pacyet koapduumeHta npeodbpasosanusa, COPref,
B 3TUX TOYKaX COCTOSHMS NPOU3BOLMICA KaK OTHOLLEHUE XO-
N0f0MPOU3BOAUTENBHOCTY K MOLLHOCTH, NOTpebnsieMoii arpe-
raTtoM s oXnamaeHus.

JTU TOYKU COCTOAHMA ObINM UCMONB30BaHbI B KA4ECTBE
3TanoHa ansa pacyeta SEPR nns obeux cucteM B ycnosusx
«DyHKepa», KaK ynoMuHanocb Bbille. TeMnepaTypa OKpy-
Xatowen cpebl B byHKepe BapbupoBanack ot -19°C go 38°C
C YKa3aHMeM YacToTbl BO3HUKHOBEHUA Ka[oM TeMnepary-
pbl B Yacax. Mcnonb3ys 3T 4acToTbl BO3HUKHOBEHMS U WH-
TEpNoNALMIO NPOM3BOAUTENBHOCTEN U KO3 DULMEHTOB Nnpe-
0bpa3oBaHus, yKa3aHHbIX B Tabnuue, A1s Kaxaon cucTeMbl
MpuW Kaxaon TeMnepaType OyHKepa Oblau paccuuTaHbl no-
cTaBnseMas u notpebnsemMas aHeprus [2]. Ha puc. 2 npen-
CTaBneHbl YacToTbl BO3HUKHOBEHUS U COPref pns Kax-
O0W cucTeMbl B 3aBMCMMOCTM OT TeMnepaTtypbl byHKepa.

RA410A R744
Tamb [°C] | MpousBoauTenbHocTb (KBT) | COPref [-] | MpousBopmuTenbHocTb (KBT) | COPref [-]
32 15,20 2,29 14,50 1,81
Touku coctosauua SEPR 25 13,63 3,47 13 2,35
15 1,37 4,23 10,85 3,45
5 912 4,30 8,75 5,24

DAl https://doiorg/1017816/RF635369
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Puc. 2. CpaBHeHue napaMeTpoB R744 u R410A B 3aBUCMMOCTH OT TeMMepaTypbl B BYHKEpE M 4acToTbl BO3HUKHOBEHMS.
Fig. 2. COPref comparison between R-744 and R-410A based on bin temperatures and occurrences.

13 3Toro rpadmka BUAHO, YTO XOTA cUCTEMA Ha ocHose DY
MoKasbiBaeT bonee BbICOKMI KO3 dULMEHT nNpeobpa3oBa-
HWsa npu nobon Temnepatype Boiwe 10°C, noseneHne bonee
HWU3KMX TeMNepaTyp CBOAWT Ha HET 3T0 NpeUMyLLEeCTBO, rae
cucteMa Ha ocHose CO, nokasblBaeT 3HauuTenbHO bonee
Bbicokuit COPref.

2.2.2. CpasHeHue MeXcdy HeUHMe2pupo8aHHbIMU
U UHMe2PUpPOB8AHHLIMU CUCMEMaMU 0XJ1aX(0eHus,
obozpesa u KoHduyuoHuposaHus CO,

C noMoLLblo 3TOr0 aHanM3a Mbl XOTENM MOKa3aTb BaK-
HOCTb peKynepauuu Tenaa B XONOAWIbHOM YCTaHOBKeE, UH-
TErpUPOBAHHOM C CUCTEMOW OTOMMIEHMA U OXJTAXAEHUA MOo-
MelleHun. [ns pacyeTa npeanosiaraeMoro Koauyectsa
PEKynepupoBaHHOro Tenaa UCMoNb30BaauCh HOMUHAMNbHLIE
MOLLHOCTW YCTaHOBKW B TOYKaxX COCTOSHWA AN OXNa-
[EHUs, OTOMMEHUA U KOHAMUMOHWPOBAHMA, KaK YKa3aHo
B Tabn. 3.

bbo  paccuuTaHo BAMSHME CYMMapHOro Konuye-
CTBa TENOTbl, MOJYYEHHOro 3a rof, Ha 3QGEKTUBHOCTL
Mo CPaBHEHWIO C aBTOHOMHOMW, HEMHTErPUPOBAHHOM CUCTE-
MOI4 Ha 0CHOBE 3KCMEePUMEHTASIbHBIX M3MEPEHUIA 3TOM yCTa-
HOBKM be3 peKynepauum TennoTsl. HeMHTerpupoBaHHas cu-
CTeMa, paccMaTpuUBaeMas B paMKax AaHHOM CTaTbl, — 3T0
cucTeMa, 0becneymBaioLLas ToNbKO OXNaXaeHUe UK ToNb-
KO OoTOnNeHUe/KOHANLMOHMPOBAHUE MOMELLEHNA, B OT-
NM4Me 0T KOMBMHMpOBAHHOW cucTeMbl, 0becneymBaloLLeit
O HOBPEMEHHO M TO, U Apyroe. Takum obpa3oM, B TaKoi
CMCTEME OTCYTCTBYET BO3MOXKHOCTb pPEKYNepaLmm TenoThl.
[opoBas 3Heprusi, NOCTaBAsieMast Ha OXJIaXKLEeHWe, Harpes

¥ KOHAMLMOHMPOBaHMWE, paccynTbiBanach C MCMOMb30BaHM-
€M aHasIorMyHbIX TEMMEPATYp M YacToT UX BO3HUKHOBEHUS
B OyHKepe, KaK M B NpeablaylieM pasjene i pacyeToB
SEPR. B cootBetcTBuM C [4] TeMnmepaTypa nepektoye-
HWUS C HarpeBa Ha OxNlaXAeHWe cuuTanack pasHoi 16 °C.
[na oxnaxpaenns, oborpesa W KOHAWMLMOHMPOBaHNA BbiK
MPUHATBI BO BHUMaHWe Criedylollme napameTpebl, COOTBET-
CTBEHHO.

2.3. AHanus no pesynbTaTaM U3MepeHu
B peaibHblX MarasuHax

2.3.1. YemaHoeka MOHUMOPUH2a

[lna n3MepeHus pasnmyHbiX NapaMeTpoB CUCTEMBI, B YacT-
HOCTW, AaBNIeHNs, TeMnepaTypbl U 3HepronoTpebnexus, uc-
MoNb30Bafiacb YCTAHOBKA, COCTOALLAA KaK M3 BHYTPEHHMX
JATUYMKOB, TaK M U3 BHELIHUX U3MEpPUTENbHbIX Npubopos.
BHyTpeHHWe AaT4MKM UCMONL30BaNKUCh ANS KOHTPONSA AaB-
NeHus1, TeMnepaTypbl, paboTbl pacLUMPUTENBHBIX KlanaHoB,
pexMMoB paboTbl, CKOPOCTM BpaLleHMs KoMnpeccopa U T.4.,
B TO BpEMSA KaK BHELLHWE N3MepUTeNbHbIe MPUOOpLI NCMOMb-
30BaNUCb AJ1A M3MepeHus NoTpebneHns 3Heprum n pacxoaa
xnlapareHTa. [laHHble Mo Ka)KAOM YCTAaHOBKE COXPaHAIMChb
Ha JIOKanbHOM CepBepe KaM[Ablii Bevyep M WUCMONb30Ba-
NNCb N8 pacyeToB 3Hepro3ddeKTUBHOCTH, KaK MOKasa-
HO Ha puc. 3. M3-3a BbICOKOW CTOMMOCTW pacxoLOMepoB
OHM ObINKM yCTaHOBMEHbI He Ha BCeX 00BEKTax, U No3TOMy
OblN NPUHAT MeTop, pacyeTa pacxoda No YacToTe BpaLLeHUS
KoMnpeccopa. Ha puc. 4 npeactaBneHa cxeMa nogKaoye-
HUS HapyXHoro brnoka CVP.

Tabnuua 3. Touku cocTosiHMS (TEMNEPATYpbI) AN1A pacyeTa BMAHUA peKynepaLmuu TensoTbl
Table 3. Condition points (Temperatures) for calculation of impact of Heat Recovery

HeuHTerpupoBaHHas WHterpupoBanHas (CVP)
oxnaxpeHue | oTonseHne | KOHAMLMOHMPOBAHUE | OXNAXAEHWe | OTOMJIeHUe | KOHZAMLMOHMpOBaHUe
Touk 25 7 25 25 7 25
coctosiHus [°C]
15 2 30 15
5 32
5 7 35 5
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Cepsep Daikin

Puc. 3. YcTaHoBKa ans MOHUTOPUHIA AaHHbIX HAa AeMOHCTPALUWOHHbIX niollaaKax.

Fig. 3. Data monitoring setup at demo sites.

34%

M KocBeHHble BbIOpOChI

M [lpsMble BbIGPOCHI

TEWI, kr CO2-3kBuBaneHTa

R410A Cco2

Puc. 4. CpasHenve TEWI ans R744 v R410A.
Fig. 4. TEWI comparison between R-744 and R-410A.

2.3.2. Pacyemel npousgodumesibHocmu

Ha ocHoBe n3MepeHHbIX AaHHbIX BblM paccumTaHbl Npo-
U3BOAUTENBHOCTU AN OXNAXAEHWUSA, KOHAWLMOHUPOBAHMS
W OTOMJIeHUs], KaK MOKa3aHo B NPUBEAEHHBIX HUXe ypaBHe-
HWAX. Xonononpou3BoaMTENLHOCTL Refcap bbina paccunta-
Ha, COMTacHO ypaBHEHMIO (2), UCX0AA W3 3HTANbMWN Ha BXO-
Je 1 BbIXofe, KOTOpble 3aBUCAT OT [aBfieHUs B pecuBsepe,
RP, TeMnepatypbl xuaKoctu, 7L, naBneHWs BCacbiBaHWA

W TeMnepaTypbl B Xon0AUIbHOM KoMnipeccope, LP,, -1 TS,

COOTBETCTBEHHO, M YaCTOTbl BPALLEHWUA XOOAWILHOMO KOM-
npeccopa, INV1, ..

Ref,

cap

= f(m,,; | INV1, ,RP,TL,LP,,.TS, ) (2)

rps ref >

AHanoruyHo, X0no0A0npoM3BOAUTENLHOCTL KOHAULMOHM-
poBaHus, Coolcap, bbina paccuutaHa no xapaKTepucTUKaM
BCacblBaHWA B KOMMPEeCcope KOHAMLMOHMPOBAHWA BO3MYXa,
INV2, a TaKKe no TeMnepaType XUOKOCTU U AaBNIEHNIO B pe-
cuBepe, coracHo:

Cool,,, = f(m,. | INV2,, ,RP,TL,LP,

ac?’

TS,.) Q)

ps?

Tel'lJ'IOI'Ip0VI3B0,EI,VITEJ'IbHOCTb, Heatcap, Oblna BblyKce-
Ha N0 BbICOKOMY [aBJIEHUIO U TeMriepaTtype Ha HarHeta-

HUM KOMMpeccopa BbICOKOI CTyneHun, INV3, KaK noKa3aHo

DAl https://doiorg/1017816/RF635369

B ypaBHeHUM (4). 3HTanbnMA Ha BbLIXOLE paccuMTbIBaNach
Nno cpefHen TeMnepaType XULKOCTU Ha BbIXOLE W3 BHY-
TpeHHux 61oKoB. AHanormyHbIM 06pa3oM paccunTbiBaeTCs
NPOM3BOAMTENIBHOCTL B PEKMUME MOJHOM peKynepauum Ten-
na. OfHako, B peXkMMe YacTMYHOM peKynepauuu TennoTbl
TENNoNpPOM3BOANTENBHOCTL PACCUMTBIBAETCA MO KO3hdU-
LMeHTy K, ., KOTOPbIA PaccumTbIBAETCSA MO NPOU3BOAMTEb-
HOCTW NpU CPefHenorapupMMIecKoii pasHocT1 TeMneparyp
Ha CTOpOHe rasa W MWAOKOCTW W TeMnepaTypoii BcackiBa-
HWA BO3AYXa B MOMELLEHWM, KaK YKa3aHo B YpaBHeHUU ().
KoagpduumeHt K, ., nonydaetcs Ans Kawaon ycTaHoBNeH-
HO MOJenn BHYTpeHHero 610Ka COrNacHo ypaBHEHUAM:

Heat,,, = f(m,, | INV3, ,HP,TD, . TL,,) (4)

ps?
PHRcap = f(T}D,liq H T}D,gas H T}D,air > Kfact ) (5)

locTaBnseMan 3Heprus [KBT-4] ana Bcex npou3Bopu-
TesIbHOCTel paccuUTLIBAETCS Mo ypaBHEHMIo (6),

Eng =Cap* At (6)

KoaddmumeHT npeobpasoBanus, COP, ycTaHOBKM pac-
CUUTBLIBAETCA MO YpaBHEHMIO (7),

COP =

= z (Refy,,,Heaty,, ,Coolg,, ,PHR;,, ) - (Consg,, !
@)

2.3.3. Memod xapakmepucmuku KoMnpeccopa
(Memod CC)

Kak yxe roBopunock, “3-3a [OPOroBU3HbI pacxofoMepbl
He BCErAa MOXHO YCTaHOBMTb Ha BCeX 0OBbeKTax, MosTtomy
ANs pacyeTa pa3nuyHbIX 3HAYEHMIA MPOU3BOAUTENBLHOCTU bbin
UCMONb30BaH MeTof, OCHOBAHHbIA Ha CKOPOCTM BpaLLeHMs
KoMnpeccopa. [lns 310ro Ha OCHOBE AaHHbIX O MPOU3BOAM-
TENIBHOCTH, NOAYYEHHBIX HA 3KCMEPUMEHTaNbHbIX CTEHAAX, rae
Bblnn ycTaHOBNEHBI pacxofoMepbl, bbina paccumTaHa KoHCTaH-
Ta, NpefcTaBnatoLas coboi onucaHHbIM 06beM KoMnpeccopa.
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3. PE3Y/IbTATHI

3.1. PesynbTaTbl UsMepeHU B UCNbITaTENIbHBIX
KaMepax

3.1.1. CpasHerue ¢ cucmemoii R410A

Wcxops m3 ycnosuin ByHKepa 1 Touek coctosHus, SEPR
cucteMbl Ha RA10A 6bin paccuutad Kak 4,05, B To Bpe-
M5 Kak SEPR cucteMbl Ha R744 6bin paccuntaH Kak 3,70.
Ha ocHoBe romoBoro notpebnexus 3Heprum, paccyuTaH-
HOMo AN18 KaXaoi cucTeMsl, Bbin paccuuTaH nokasartesnb
TEWI 3a 10-neTHuit nepuoa. Jaxe npu Gonee HU3KOM 3Ta-
noHHoM COP MoxkHO 3aMetutb, yto TEWI B TeueHue cpoka
cnyxbbl cucteMbl Ha 6ase CO, npuMepHo Ha 34% Huxke,
YeM y cucTeMbl Ha base RA10A, Kak BuaHO U3 puc. 5. 310
0bycnoBneHo KpaiiHe He3HauMTeNbHbIMM MPSMbIMUA BbibpO-
camMu B pesynbTaTe YTEUKW XafareHTa U BO3MOXHOCTbIO
peKynepaLmu.

B — L L]
Pexynepauus
30,00 TensioBon
3Heprum
OtonneHue
25,00 KoHauumoHm-
~_ poBaHue

MpousBoauTenbHOCTb (KBT-u)

—— ;00— il J
-10 =5 0 5 10 15 20 25 30 35

TemnepaTypa okpyxatoLueit cpesbl (°C)
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3.1.2. CpaeHeHue Mexcdy HeuHMe2pupoBaHHoli
U UHMe2pupo8aHHOU cucmeMaMu 0XJ1ax#deHus,
omonsieHus U KOHOUYUOHUPOBAHUS

Mo TeMnepatypam B byHKepe, YacToTe UX BO3HUKHOBEHUS
¥ NPOW3BOAUTENBHOCTU B TOYKAX COCTOSHUM [ HEMHTErpU-
POBaHHOW CMCTEMbl M [aHHOW YCTAHOBKM OblaM paccuumTa-
Hbl TOf0BblE 0OBEMbI 3HEPTUM, BLIAENAEMON Ha OXNaMie-
HWe, OTOMNEHUE M KOHAMLMOHMPOBAHME, MPeACcTaBfeHHbIX
Ha puC. 6, a TaKKe rofoBoe NOTpebneHne INEKTPOIHEPTUN.
Mo pe3ynbTataM 3KCMepUMMeHTaNbHbIX M3MepeHun SEPR
LSl MIHTErpUPOBaHHOM CUCTEMBI COCTaBUA 4,92 no cpaBHeHWIO
¢ 3,44 pna HEMHTErpUPOBaHHOM CUCTEMBI.

Takoe moBbilweHne 3OPEKTUBHOCTU WHTErPUPOBAHHOM
cucTeMbl Ha 43% MOXKHO 00BACHUTL DOMBLLIMM KONMYECTBOM
TEN/I0BOW 3HEPTWM, NONTYYaEMOI B pe3ynbTaTe pekynepaumm
Tennotsl. M3 obwero obbeMa noctaBneHHoM TeNI0BOI 3Hep-
rum, pasHoro npumepHo 60.700 kKBT*u 3a rog, Ha pekynepa-
LMKo TennoThl npuwLnock okono 43.300 KBT*y, uto coctaBnset
oKono 71% ot obuieit notpebHocTu B oTonneHun. BnusHue

35,00

— (XN aeHue
30,00 —— Oronnetne
— KoHaunumonm-
T = poBaHw
7 25,00 poBaHue
)
=
[= 20,
o
(=}
3
= 15,00
(<}
=
=
2 10,00
a2}
=
o
= 5,00
-10 -5 0 s 10 15 20 25 30 35

Temnepatypa okpyxatoLuei cpeapl (°C)

Puc. 5. np0M3BODMTeJ'IbHOCTb OXNnaxaeHua, oTonjieHna U KOHOUUMOHMPOBAHUA O UHTErPUPOBAHHbIX (cneBa) u HEeUHTErpMpoBaHHbIX

(cnpaBa) cucteM.

Fig. 5. Refrigeration, Heating and Cooling Capacities for Integrated (left) and Non-Integrated (right) systems.

nOTpeﬁJ'IEHMe 3Hepruun VIHTEFpVIHOBaHHOﬁ CUCTEMBI

2500

e Bcero

A | = = = Bcero, HeMHTEI'pMHOBaHHOFI CUCTEMBI

_ _ _ Oxnaxgpenue HenHTerpuHoBaHHOM
1 \ cvcTeMbl

MoTpebnsiemas sHeprus (KBT-u)

Temnepatypa okpyxatoLueit cpesbl (°C)

ﬂ0Tpe6neHl4e 3Hepruun HEMHTEFpMHOBaHHOﬁ CUCTEMBI
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— OXnaxgeHve

+—2000
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Puc. 6. 3HepronoTpebneHne MHTErPUPOBaHHbIX (CIeBa) M HEUHTErPUPOBaHHBIX (CNpaBa) CUCTEM.
Fig. 6. Power consumption for integrated (left) and non-integrated (right) systems.
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peKynepaLmuu TENOTbI XOPOLLO BUAHO Ha puc. 7. Pe3kui cKa-
YOK 3HepronoTpebneHus, HabnoaaeMblii Ha PUCYHKe CnpaBa
ONs HEMHTErPUPOBAHHOM CUCTEMBI, UCYE3AeT ANS UHTErpU-
POBaHHOM CUCTEMBI U3-3a PeEKyNepaLmuu TeNsoTbl CUCTEMON.

371 pe3ynbTarbl 6bTM NONYYEHbI MY TEMNepaType nepe-
KJTIOYEHWS C OTOMJIEHNSA Ha OXTaXEeHWe U HaobopaT Ha ypoBHe
16°C. M3 yKa3aHHOro MoXHO cenatb BbiBOA O eLLe bonblueM
B/MSIHUM peKynepaLuy TeNNoTbl Ha TaKue CUCTEMbI Npu Bonee
BbICOKMX TeMrepaTypax NepeKyeHns, YTo MOXHO Habnio-
[aTb B peasibHbIX YCnoBuax. [laxe npu cpaBHEHUM CUCTEMBI
C NPUPOLHBIM X/1a[iareHToM, Nof0BHOI 3TOM YCTaHOBKE, C He-
MHTErpupoBaHHoM cucteMon ¢ DY u bonee BbicokuM SEPR,
peKynepauus TeMIoThl OKa3blBaeT NONOMKUTENBHOE BIIMSHHE,
YNyyLLIas NPOMU3BOLUTENBHOCTb MHTETPUPOBAHHOMN NPUPOLHON
cucTeMbl Ha 28%.

3.2. PesynbTathl MU3MepeHU
B peasibHbIX Mara3uHax

MpuBeAeHHbIe HUXeE pe3ynbTaThl bbIM NoyYeHbl Ha ycTa-
HOBKe, Pa3MeLLEHHON B MarasvHe Ha TEPPUTOPUM KOMMaHUH
Daikin Industries Czechia B Mnb3eHe, Yewckas Pecnybnuka.
YcTaHoBKa bbina cMoHTMpoBaHa B KoHue utons 2020 roga,
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no3ToMy ByayT paccMOTpeHbI pe3ynbTaThl C MioNs Mo AeKabpb.
Ha puc. 7, 8 noKka3aHbl 3HepreTMYECKVe NOKa3aTenu, a Takke
TeMmnepaTypa OKpyaloLlen cpefpl 3a nocnegHve 4 Mecsua.
Xonoaonpou3BoauTeNbHOCTb AfA OXJIAXKAEHUSA, XON0AoNpo-
M3BOAUTENIBHOCTb KOHAULMOHUPOBAHUA U TENJIONPOMU3BOLAU-
TeNbHOCTb, KnaccudUUMpoBaHHbIE KaK MOHOCTBI) peKymne-
PUpOBaHHbIE, YaCTUYHO PEKYNepupoBaHHbIE UM B PEXUME
TENNOBOM0 Hacoca, CKNaAbIBaKTCH B MMCTOrpamMMy no Mecs-
uaM. Kak 1 oxxmpanock, ¢ NOHMKEHUEM TeMMepaTypbl OKpY-
Xatowlen cpeabl Habnwopanock yeenuyeHwe notpebnsemoil
TENnoBOW 3HEpruu. YBenmyeHne KonmyecTsa TenaoBoi Hep-
rvm, MOCTaBASEMON C MOMOLLIbIO TEMIOBOO HAacoca B OKTAbpe
1 MapTe Mo CPaBHEHUIO C aBryCTOM U CEHTADPEM, NOKa3bIBaeT,
4T0 NOTPEBHOCTL B OTOM/IEHUM MOXHO MOKPbITh, ECIU PEKYNe-
PVPOBaHHOIO TeMNa OT XONeAMNbHbIX LUKA(OB HEAOCTATOUHO.
Koadduument COP konebancsa B npegenax ot 1,8 go 3,1.

3.2.1. 06ocHosaHue memoda CC

Xonononpon3BoAMTENbHOCTL U TENJI0NPOM3BOLAUTENb-
HOCTb, M3MepeHHbIe C MOMOLLbK MaccoBOr0 Pacxofomepa
Ha LleMOHCTPaLMOoHHOM nioLuaake koMnalum DENV B Octenge,
Bblnn conocTaBneHsl € NPOM3BOAUTENBHOCTBIO, PACCHUTaHHOM

mmmmm Tennosasi 3HEPTUA B peXuMe
BbICOKOrO JaBfieHns

s TEMMIEPATYPA OKPYIKAIOLLIEA
cpenbl

Puc. 7. loposoii 0630p 3HepronoTpebneHns ycTaHOBKM Ha peanbHoM 0bbekTe B [nb3eHe, Yeluckas Pecnybnnka.

Fig. 7. Annual Energy Overview of unit at actual site in Plzen, CZ.

TennonpoussoauTenbHocTb (KBT)*
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Tel'lJ'lOI'IpOMCiBOIJMTeHbHOCTb
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TennonpoussoauTensHoctb no Metopy CC (KBT)

Puc. 8. CpaBHeHve Tennonpon3soamTebHOCTb Mo Metogy CC ¢ M3MepeHHbIM MaccoBbIM PacxodoM.
Fig. 8. Comparison of Heating Capacity using CC method with Measured Mass Flow.
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4 5 6 7

XonogonpoussoauTenbHocTb No MeToay CC (kBT)

Puc. 10. CpaBHeHWe X0N10A0NPOM3BOAMTENBHOCTY Mo MeTody CC ¢ M3MepeHHbIM MacCoBbIM PaCcXOLOM.
Fig. 10. Comparison of Refrigeration Capacity using CC method with Measured Mass Flow.

C WUCMOMb30BaHUEM METOAA XapaKTEpPUCTUKU KOMMpeccopa,
AN NOATBEPMLEHUS MocnefHero. B npuBemeHHbIX Hue
Tabnuuax CPaBHMBAIOTCA U3MEPEHHbIE U pacCUMTaHHbIe Mpo-
usBoguTencHocTU. KpacHas NniMHua Ha rpaduKe yKasbiBaeT
Ha «MaeanbHOe COOTBETCTBME» MEMY HUMM, YTO 03HAYaeT,
YTO NPOM3BOAUTENLHOCTb, PACCUMTAHHAsA C UCMONb30BaHUEM
Metoga CC, paBHa NpoW3BOAMTENBHOCTM, PAaCCUMTaHHOM C MC-
Mosib30BaHMEM MaccoBOr0 Pacxoia, M3MEepEHHOM C MOMOLLbH
pacxogoMepoB. bonee TeMHble y4acTKu Ha rpaduKe yKasbl-
BalOT Ha Donee yacToe NOSBMEHME TOYEK AaHHBIX 33 AaHHBbIN
nepvop, BpeMenu. 13 rpaduka Ha puc. 9, cpaBHUBatoLLErO Te-
MNOBbIE MOLLHOCTM, PacCuMTaHHble ABYMSI MEeToAaMy, BULHbI
[Ba y4acTKa, 06BefeHHbIe KpacHbIM, C 60MbLUMM KONMYECTBOM
TOYeK AaHHbiX. Ha ofHOM yuacTKe MOLLHOCTb, paccyuTaHHas
C UCnonb30BaHWeM 0boux MeToAoB, NpubNM3NTENbHO paBHa
95 KBT. [lpyroii y4acToK, HO C HECKONbKO MEHbLLIEN YacTOTOW
BO3HMKHOBEHMS, NMOKa3bIBaeT MOLLHOCTb OKOJO 6 KBT npu uc-
Mnob30BaHUM 06oMx MeTopoB. TakuM 0bpa3oM, U3 rpadukos
Ha puc. 9 n 10, KaK Ang oTONNEHNs, TaK M 4N OXIaXAEHNS,
COOTBETCTBEHHO, BUAHO, 4To MeToa CC xopolwo cornacyercs
C U3MEPEHHbIMU 3HAYEHUAMM M MOXKET BbITb YyuLLEH NyTeM
LanbHelLwen KanmbpoBKky.

3.3. CnoxHocTH

N3-3a BbicoKoro pabouero faBnenus Bblibop cneuuanb-
HbIX KOMMOHEHTOB, B YaCTHOCTU, NPELOXPaHUTENbHBIX Kia-
MaHoB, XONOAWNbHbIX LUKAOB U T.4., SBNAETCSA CIOXHOMN 3a-
flayeil AN XonoaubHbIX cucteM Ha ocHose CO,. YuutbiBas
HWU3KYK0 KpUTUYecKylo Temnepatypy okono 31°C u Kputuye-
CKoe faBnieHue 74 6ap, cUCTeMbI OTOMAEHWS, BEHTUAALMM,
KOHAMLIMOHMPOBaHUA 1 oxnaxaeHns Ha ocHose CO, B pe-
TMOHax C BbICOKOW TeMMepaTypoii OKpyatoLleli cpeapl Ya-
CTO JOMKHbI pabotaTh B TPAHCKPUTMYECKOM pexume. M3-3a
XapaKTepa KpWBOM HacblweHna onsa 3ddekTuBHoW pabotol
BAXHO BbIOpaTb ONTUManbHyl0 TEMNEpaTypy WAW AaBneHue
nepexoaa ot CYBKPUTUYECKOrO K TPAHCKPUTUYECKOMY PEXUMY
1 HaobopoT. bbiN0 3aMeyeHo, YTO MPK BLICOKMX TeMnepaTy-
pax OKpyatoLueit cpeabl (Bbiwe 37°C) npon3BoanTeNbHOCTD
YCTaHOBKM pe3Ko NajaeT, YTo NpUBOAMT K HeobxoauMocTu
UCMONb30BaHMsA pe3epBHOr0 MexaHusMma. B cnepyiouiem
pa3fenie paccMaTpuBaeTCs NpeasiaraeMoe pelueHue, npeg-
ycMaTpuBaloLLee MCMoNMb30BaHWe TEMOBOMO HaKonuTens
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ANS CHUXKEHUA TPAHCKPUTMYECKOTO pexuMa pabotbl U BO3-
MOXHOCTW CHUMKEHMS MUKOBOM Harpy3Kku B NIETHUA Nepuop.
AHanu3 pesynbTaToB eXeLHEBHbIX U3MEPEeHUIA Ha peaibHbIX
06beKTax B pasHbIX MeCTax MOXET 0Ka3aTbCs CIOXKHON 3aa-
yel 13-3a 6osbLLOro KonMyecTBa 06pabaTbiBaeMbIX AaHHBIX.
Wcnonb3oBaHWe COOTBETCTBYIOLLMX MHCTPYMEHTOB ynpaBne-
HWA [aHHBIMU U aHanM3a C COOTBETCTBYIOLLEN GUNbTpaLmen
WMeeT pelualollee 3HauyeHUe AN MOMYYeHUS 3HAYUMbIX
pesynbTaToB.

3.4. Npepcroswas pabota

Kak BMAHO M3 NpMBEAEHHbIX BbILIE CIIOXKHOCTEN, Bax-
HbIMW TexHonornyeckummn bapbepamn B cuctemax CO, fB-
NAOTCA TPAHCKPUTUYECKME PEXMUMbI paboTbl Mpu BbICOKKX
TEMMepaTypax OKpyatowlei cpedbl. [o3ToMy u3ydyawoTcs
cnocobbl U3bexaTtb WK orpaHMuKTb paboTy B TpaHCKpPUTU-
YECKOM peXuMe, U OfHOW M3 Haubonee NpuBNEKaTeNbHbIX
KOHLIENLMIA ABNSIETCA UCMO/b30BaHWe TEMNOBOIO HaKOMUTENS
ONA HaKOMNEHWs «X0NoAa» B HOYHOE BPeMS, Koraa TeMne-
paTypa OKpyxatoLLein cpenpl HKe. [lng xpaHeHus TennoBoi
3Hepruv bypeT ncnonb3oBaTtbCs pe3epeyap Ans Bofsl ¢ PCM,
T.6. MaTepuanoM, MeHsioLLmM hasy, ¢ TeMnepaTypon nnasne-
Husa 20°C. Boga 13 atoro Hakonutens byaeT Mcnonb30BaThCs
B TEYEHWe [HS ANA OXJAXKIEHUA X1A[lareHTa, BbIXOAALLEro
U3 ra3o0XNafuTens, a He OKPYHaloLlen Cpeabl C BbICOKOA
TEMMepaTypol, a B MOLXOAALLMX YCIOBUAX NS OXnaxzae-
Hua PCM byneT ucnonb3oBaTbCA HarpeBaTeNbHbIA LMK
ycTaHoBku. Ha puc. 11 cneBa npepcrtaeneHa cxema 6noka
C TEMNOBLIM HAKOMUTENEM, a CrpaBa — KOHCTPYKUMA baka
ONs XpaHeHus BoAbl ¢ nnactuHamu PCM BHyTpu.

U3 puc. 12 BugHo, yto npu pobasneHun Tennoso-
ro HaKonuTens Mocne rasoBOr0 OXNAAWTENs, MOCKOMbKY
XnajareHT MoCTynaeT B PecUBep ropasfio XoNiogHee, YeMm
B 00bIYHOM CUCTEME, Yepe3 XONOAUNbHbIE LWKadbl MK BHY-
TpeHHue 610KM MOXKET NpoXoauTb BONbLUMIA MacCoBbIA MO-
TOK JKWAKOrO X/1aJareHTa, YBeMYMBas NpoM3BOLUTENTbHOCTD.
KpoMe TOro, npeuMyLLecTBOM WCMONb30BaHUSA TEMI0BOMO
HaKonuTeNns ABNAETCA COXpaHeHWe XONOoAONpOM3BOAMTENb-
HOCTM JaxKe Npu BbICOKMX TeMnepaTypax OKpyatoLuen cpe-
Obl, KOTOpbIE, KaK YXe YNOMWHANOCh, NPUBOAAT K PesKoMy
CHMXEeHU0 npomssoamTenbHocTu. Ha puc. 13 no ocn Y no-
Ka3aHbl pacyeTHble MPOM3BOAMTENBHOCTU AN OXNAMKLEHUS
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Fig. 12. LogP-h diagram without and with thermal storage.

W KOHOMLMOHWPOBaHMS B KBT B 3aBUCMMOCTY OT TeMnepaTyphi
OKpYatoLLel cpeabl no ock X. MoXHO BUAETb, YTO NPOM3BO-
OMTENBHOCTb CHUXAETCA Npu TeMnepaTypax Bbiwe 37 rpag,
KaK Npu OXNaXOeHUW, TaK W NpU KOHAWLMOHWUPOBAHWM.
CvHAS NWHMSA COOTBETCTBYET XO/I0L0NPOU3BOAUTENBHOCTH,
obecrneunBaemoii Npu pabote YCTaHOBKM TONBKO B peXUME
OXNTaXAEeHUs, W, CefoBaTeNbHO, MOKa3blBaeT HECKOJIbKO
bonee BbICOKY npou3BoamTenbHocTb. CooTBETCTBYHOLIME
NYHKTUPHBIE JIMHAW MOKA3bIBAKOT 0XWAAEMYK MaKCUMallb-
HYI0 MPOM3BOAMTENBHOCTb MPU BKJIOYEHHOM HaKomuTene
Tennotsl. [lpeanonaraetcs, uto B bynywem bynet onybnmko-
BaHa uccnefoBartenbcKas pabora, 06bsAcHALLAA KOHLENLMIo
1 LLEMOHCTPUPYIOLLAsA PesynbTaThl.

4. BblBOAbI

MNokasatens SEPR pna ycraHosku Ha CO, coctaBnset
3,70 no cpaBHeHuto ¢ 4,05 ana yctaHoBku Ha RA410A. Xora

2 (4) 2023
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NPOM3BOAMUTENLHOCTb CMCTEMbI HA OCHOBE ruapodTopyrie-
BO/0B BbilLe, noka3satens TEWI ans cuctemsl Ha octose CO,
3HauWTeNbHO HWKe B TedeHue 10 neT, npu 3TOM BbIbpOCH
bnoka Ha 6a3e R410A Ha 34% Bbiwwe. [laxe Npu BLICOKOM KO-
3 duumenTe ymunmsaumm (okono 80%) ons cucteMbl Ha base
R410A, cuctema Ha 6ase CO, okasbiBaeT ropasfio MeHbluee
Bo3geictene Ha TEWI B TeyeHne 10 net. beino 3ameueHo,
4TO peKynepauus TenoTbl OKa3biBaeT BECbMa NONOXUTENb-
HOe BNMSIHME Ha MPOM3BOAMUTENLHOCTb KOMOMHMPOBaHHOM
CMCTEMbI OXJIAXAEHUA, OTOMNEHNA U KOHAWLMOHMPOBaHMS,
nopo6bHoi Conveni-pack. Mo pesynbTataM pacyeTos, Npose-
JEHHbIX Ha OCHOBE 3KCMEpUMEHTaNbHbIX M3MepeHuMi, bbino
oTMeyeHo yBennyeHne SEPR Ha 43% no cpaBHeHWI0 ¢ 06bly-
HbIMU HEMHTErPUPOBAHHLIMW ABTOHOMHBLIMU XOMOLUSIbHBIMM
YCTaHOBKaMU M KOHAMLUMOHepaMu. [1o oLieHKaM, Takoe yBesn-
yeHune SEPR bynet npoucxoauth npu 6onee BLICOKUX peanu-
CTUYHBIX TEMMNepaTypax NepeKlYeHns MeXay OTOM/eHUEM
1 OXNTaXKAeHMEM, YTo NpuBeaeT K bonee CMNbHOMY BAMSHUIO

7816/RF635369




OPUTHAJTBHBIE VICCTIE [IOBAHNA

PeKynepaLuy TeNIoTbl Ha NPOU3BOAUTENBHOCTb. bbino TaksKe
06HapyeHo, YTO MHTErpMPOBaHHas cMCTEMa AeMOHCTPUPYET
boniee BbICOKYH0 MPOM3BOAUTENBHOCTL MO CPABHEHMIO C He-
MHTErpUPOBaHHOM CUCTEMOM Ha ocHoBe DY B aHanorMyHbIX
yCnoBusX UCMbITaHW. B xope exxemecauHoro o63opa 6bino
ycraHosneHo, yto COP sapbupyetcs ot 1,8 o 3,1 B Mara-
3MHe, BblbpaHHOM B KauecTBe AEMOHCTPALMOHHOTO 06BbeKTa
B ropoge [Inb3eHb, Yewckas Pecnybnuka. OueBnpeH 3Ha-
UWTENbHBIA BKNAL PeKynepauuu TennoTbl M ee BIUSHWE
Ha MPOM3BOAUTENIBHOCTb, 0COBEHHO B 3UMHMIA Nepuoa. Me-
TOA XapaKTepUCTUKW KoMmnpeccopa sBnseTcst IQ(EKTUBHBIM
MeTOZIOM pacyeTa pacxoia B Takux cucteMax. MoxHo BULETD,
YTo NpW COOTBETCTBYHLLEH KanMBpOBKE MOXHO M3bexaTb
YCTaHOBKM [JOPOroCTOSALLMX PacXoLOMEpOB.

COKPALLEHUA

TEWI  06wwuit Ko3ddULMEHT 3KBMBANEHTHOIO
notennenus (kr-CO, 3ks.)

L e TOBOBOWM ypoBeHb yTeuku (Kr/rop)

m 3anpasKa xnafareHTa (Kr)

E ... TonoBoe notpebnexne sHeprum (KBTu)

Ts Temnepatypa okpyatoLLen cpeabl (°C)

COP  KoadduumeHt npeodpasosanus (-)

Cool.,, Xonoponpou3BoaANTENLHOCTb
KOHAMLMOHUPOBaHMs (KBT)

PHR,,, [po13BoauTENIbHOCTb YaCTUYHON

pekynepauuu Tennotsl (KBT)

my,. MaccoBbii pacxof A1 KOHAMUMOHMPOBaHMS/
otonneHus (Kr/c)

INV2,,. Yactota BpaleHus KomMnpeccopa
KOHAMLMOHUPOBaHMS (06/MUH)
RP NlaBnexve B pecusepe (Ma)

LP,,  JlaBnexve BcacbiBaHUs XONIOAWILHOMO
Komnpeccopa ([1a)
LP,.  [laBneHue BcacbiBaHUs KOMMpeccopa
KOHAMUMoHMpoBaHus ([1a)

ID,,,, TeMmneparypa HarHeTaHusa Komrpeccopa
2-i ctynenu (K)
Tipu,  TeMnepaTypa WAKOIO XNajiareHTa
BO BHYTpeHHux brokax (K)
T)p.»  TemnepaTypa BcacbiBaeMoro Bo3ayxa
Ha BHYTpeHHUX bnokax (K)
Eng JHeprus (kBT-u)
At PasHuua Bo BpeMeHu (4)
Refr,, XonoaonpoussoauTenbHOCTb oxnaxaeHns [KBT-u]
Cooly,, XonoponponssoanTENbHOCTb

KOHAMUMOHMPOBaHUSA [KBT-Y]

Consp,, 3Heprus, notpebnsemMas Hapy)HbiM B/10KOM
(Komnpeccopel, BeHTMRSTOPbI) [KBT-Y]
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BJIATOJAPHOCTH
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3a (MHaHCMpOBaHWe, NpefocTaBneHHoe EBponeiickiM co3oMm
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COPref  KoadgduumeHT npeobpasoBaHms
Mpu1 oOXaXaeHum (-)

n Cpok 3kcnnyataumm (roapl)

Orocovery  KOIDOUUMEHT pereHepaunm xnaparenta (%)

B KocBeHHble Bbibpock! (kr-CO, 3kB./kBTY)

SEPR Ce30HHbII K03 dULMEHT 3HeproadGeKTUBHOCTH

Ref.,,  XonomonpoussoauTensHoCTb (BT)

Heat,,, TennonpoussoantenbHocTb (KBT)

Mor MaccoBblit pacxon ans oxnaxaexus (kr/c)

INV1,,, Yacrorta BpaLleHns Xo0AWIbHOTO KOMMpeccopa
(06/MUH)

INV3,,.  Yactota BpallleHus KOMnpeccopa 2-it CTyneHu
(06/MuH)

TL TeMnepatypa XWAKOCTU ANS XONOAWbHbIX
WKados/BHYTpeHHMX BnokoB (K)

TS, TeMnepatypa BcacblBaHUs XONOAMNLHOM
Komnpeccopa (K)

18, TeMnepaTypa BcacbiBaHUsi KOMNpeccopa
KOHAMUMOHMpoBaHusa (K)

TL,, CpenHsis TeMriepaTypa XMAKOCTU BO BHYTPEHHUX
bnokax (K)

Tipges  TeMneparypa razoobpasHoro xnajareHta
BO BHYTPEHHMX bnokax (K)

Kt Mpoun3BOANTENLHOCTL HA EAMHULY TeMMepaTypbl
(kB1/K)

Cap MpousBoauTensHOCTL (KBT)

GwP MoteHuman rnobanbHOro noTeneHns

Heaty,, Toctasnsemas Tensnosas sHeprus [KBT-u]

PHRy,,  Toctasnsiemas Tensosast 3Heprus npyu 4acTuyHOMN
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