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EHEPTETUYHA E®EKTUBHICTHh TAPOKOMITPECIMHUX
TEIIJIOBUX HACOCIB 3 EJJEKTPUYHUM I KOTEHEPAIIIMHUM
INPUBOJAMHA

IIpoananizoseano enepcemuuny egexmuenicme napoxkomnpeciunux mennosux nacocié (TH) 3
eNeKMPUYHUM | KO2eHepayiuHumM npusooamu. Buznaueno egpekmusHi OilUCHI pexcumu pooomu men-
JIOBUX HACOCI8 3 eNeKMPUUHUM | KO2eHepayitHuM Npueooamu 3 ypaxy8aHHsaM empam eHepeii nio
yac 2eHepy8anHs, NOCMA4aHHs Ut NepemeopPeHHts eleKMPUUHOI eHepeii.

Knrouoei cnosa: enepcemuuna epexmusnicms, mennoguul HAcoc, Koe@iyicHm nepemeopenHs,
eleKMPUYHULL NPUBOO, KO2eHePayitiHull npusio.

Beryn

CyuacHHI pO3BUTOK €HEPIETUKH XapaKTepU3YeEThCA 3HAUHUM 30UIbIIEHHSIM BapTOCTI EHEPrOHO-
CiiB, a TaKO MOTIPIICHHSIM CTaHy JOBKULIS W YCKJIaJHEHHSAM HOTO OXOpPOHM BiJ il TEIUIOrEHepy-
BaJIbHUX ycTaHOBOK. EHepro- ta pecypco30epekeHHs 1 0XOpoHa JOBKULIA € MPIOPUTETHUMHU Ha-
psiMaMH PO3BUTKY (QyHIAMEHTAJIBbHUX JOCIIKEHb Y Tally31 CIIOKUBAHHS MMaJIMBHO-EHEPreTUYHUX
pecypceiB [1]. ¥V npoMucioBomMy KOMILIEKC YKpaiHU yacTKa CHOKUBAHHS PUPOJIHOTO rasy Bee IIe
3aJIUIIAE€THCSA 3HAYHO0. bulbllle MOJ0BUHU €HEPreTUYHUX MPo0IeM KpaiHU po3B’SA3YEThCS 3a paxy-
HOK CHaJIFOBaHHS MPUPOJHOTO razy. ¥ CBITJII €HEpreTUYHOI KpU3H aKTyaJbHOO € mpobiema edek-
TUBHOT'O CIIOKMBAHHS E€HEPrOHOCIIB Ta BIPOBA/KEHHS HOBITHIX €HEpPro30epiratouux TEXHOJIOTIH
[2]. BuxopucraHHs MapoOKOMIIPECIHHUX TEIUIOBUX HACOCIB 3 EJIEKTPUUYHUM Ta KOreHEepauliiHUM
MPUBOJAMHU CHPUSITUME €KOHOMII IPUPOJHOIO razy Ta 3aXHUCTy HaBKOJMIIHBOI'O CEpeloBHUIIA 3a
paxyHOK 3HM>KEHHS TEIJIOBOT0 3a0pyIHEHHS M KUIbKOCTI MIKIIMBUX BUKUAIB IPOIYKTIB 3rOpaHHS.

3a ocTaHHI pOKU MUTAHHSAM €HEPreTUYHOI €()eKTUBHOCTI TEIJIOBUX HACOCIB MPUCBSIYEHO YNMAJIO
myosikarii [1 — 7]. Y po6oTi [1] aBTOpOM BUKOHAHO JOCIIKEHHS 3 MIIBUICHHS €()EeKTHBHOCTI Ta
BUOOpY pallioHANIbHUX MapaMeTpiB 1 peKUMIB poOOTH TEIJIOHACOCHUX CTAHIIM JUId CUCTEM oOTa-
JIEHHS Ta TEIJIOTIOCTAa4YaHHs 332 BUTPATOI0 YMOBHOTO MayimBa. Y [2] MPOBEAEHO TEPMOIUHAMIYHUN
Ta €KCePreTUYHUM aHali3u €(PEKTUBHOCTI NapOKOMIIPECIHHOI0 MKy TEIUIOHACOCHOI CTaHIii Tel-
jJornocTtayaHHs. ABTOpaMU B JIOCIIKEHH1 [3] mpoaHami30BaHO TEPMOJMHAMIYHY €(EKTHBHICTDH
TEIUIOHACOCHUX CTAHIIIN TEIJIONMOCTa4aHHsA. Y TOCHIHKEHHI [4] 3amponoHOBaHO HOBUH MIAXIA 10
OILIIHKM e(QeKTUBHOCTI TeroBux HacociB. IIpore B nocniymkeHHsx [3 — 4] He BpaxoBaHi BTpaTu
€Heprii Ml 4ac reHepyBaHHs, IOCTaYaHHs 1 MEePEeTBOPEHHS €IEKTPUYHOI €Heprii Bijl eIeKTPOCTaH-
il pi3HUX TUIiB. ABTOpamu [S5] mpoBeneHo ananiz TH 3 elexkTpudHUM 1 KOTeHEepaIifHIM TTPHUBO-
naMu Ui oOMeXeHOi KUIbKOCTI BapiaHTiB. Y poOoTi [6] BUKOHAHO OILIHKY €()eKTUBHOCTI PI3HUX
BapiaHTIB TEIUIOBUX HACOCIB 3a KOe(DIIEHTOM BUKOPHCTAHHS NEPBUHHOI eHeprii. ABTopoMm [7]
MPOBEJICHO TEPMOIMHAMIYHUN aHami3 pi3Hux Tumis TH.

VY pobotax [l — 7] aBTropamMu He 31ICHEHO OLIHKY €HEepreTHYHOi e()eKTUBHOCTI MapOKOMIIpe-
CIMHMX TEIUIOBHX HACOCIB 3 €JIEKTPUYHHM Ta KOT'€HEpalliiHUM IMPHUBOJAMU 3 ypaxXyBaHHSAM BTpPAT
€Heprii i1 yac reHepyBaHHs, IOCTaYaHHsI i IepEeTBOPEHHS €IEKTPUYHOT EHEeprii.

Mertoro gocirizkeHHsl € BU3HAYEHHS €eHepreTUYHO1 e(peKTUBHOCTI NAPOKOMIIPECIHHUX TETNIOBUX
HACOCIB 3 €JIEKTPUYHHUM 1 KOT€HEepaLiiHUM IPUBOIaMH, BU3HAUEHHS €()EeKTUBHUX JIHCHUX PEKHUMIB
po6otu TH 3 enekTpuyHUM 1 KOT€HEpaIliHUM NPUBOJIAMH 3 YpaxyBaHHSIM BTpaT €HEprii mij 4ac
reHEepyBaHHsI, IOCTAYaHHS i IEPETBOPEHHS €JIEKTPUYHOI EHeprii.
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OcCHOBHA YacTHHA

VY napokommpeciiinux TH nigBuIieHHs TeMIIepaTypHOTO PiBHS HU3bKOTEMIIEPATYpHOI TEIIOTH
BIIOYBa€ThCA 32 MEXAHIUHOTO CTHCKY XOJIOJI0AareHTy B KoMImpecopi. TerioBi HacCOCH MOXKYTh MaTH
€JIEKTPUYHUM 1 KOTeHepalliiHuil MpuBoAM (Bif razonopiuHeBoro asuryHa). Korenepauiiinuii npu-
BiJ] TEIJIOBUX HACOCIB Ma€ MpeBaru MOPIBHAHO 3 €IEKTPUYHUM, OCKUIbKHU J103BOJISI€ YHUKHYTH JI0-
JAaTKOBUX BTpAT €JIEKTPOEHEprii mif yac TpaHcnopTyBaHHsA. Kpim Toro, 3acrocyBanns TH 13 kore-
HepauiiHUM MPUBOJOM KOMIIpECOpa BiJ] ra30BUX JABUTYHIB MOKE PO3IJIAIATUCS SIK OJHH 13 BaXJIH-
BUX HalpsMIB €HEpPro- 1 pecypco30epexeHHs, OCKUIbKY Nnepeadadae yTUili3amio TeII0TH BIAXITHUX
rasiB IiCJIsi Ta30BOTO JBUTYHA, IO 3a0e3Meduye Kpaily eHepreTUIHy e(heKTHBHICTb.

Enepreruuny e(peKTUBHICTh TEIJIOBUX HACOCIB MOXHA OLIIHUTHU JEKUIbKOMAa KpUTEPIAMH e]ek-
TuBHOCTI. HaliuacTimie eHepreTuyHy €(peKTHUBHICTh MEPETBOPEHHS €HEprii B TEIJIOBOMY HAcoCl
OILHIOIOTh KOE(IIIEHTOM MEPETBOPEHHS €HEeprii @, KUl JOPIBHIOE BIIHOIIEHHIO €HEprii, ska Ha-
JIHAIIITIA CIIOKUBAYY, 10 €Heprii, IKy BUKOPUCTAIM JUIs peanizallii UuKIy.

Eneprernuna edexruBnicts TH Moxke OyTH oliHEeHa KOe(DilllEHTOM MEPETBOPEHHS, TEOPETHUHE
3HAYEHHS SIKOTO BU3HAYAIOTH 32 (POPMYIIOI0

d (1)

ne T, ta T, — BIATIOBIAHO TEMIIEpaTypy BUCOKOTEMIIEPATYPHOTO TEIIOHOCI HA BUXO/1 Ta HU3bKO-

TeMIepaTypHoro Teruionocis Ha Bxozi B TH, K.

Crin 3a3Ha4MTH, 1110 KOE(DILIEHT EPETBOPEHHS HE BPAaXxOBY€E BC1 BTpATH €HEPrii, OB’ A3aH1 3 BU-
pobnennsm teriotu B TH. ¥V peanbHuX yMoBax, KpiM IpOCeIOBaHHs, BIIOyBatOThCSl BTpaTH €HEp-
rii B TpyoompoBoiax ta obnaananni TH.

Hilicuuii koedinient nepersopenHs TH cranoButnme

qDO = qom 77 mu > (2)

ne n,, — eneprernunnii KK TH, sxwuii BpaxoBye BCl BTpaTu €Heprii B TEILIOBOMY Hacocl. Beim-

yrHa eneprernyHoro KKJI cyqacuux TH 3naxoautbes y mexax 0,65 — 0,7 [4].

VY BITUM3HSHIN 1 3aKOP/AOHHIN JiTepaTypl Ta Ha npakTuli epekTuBHICTh BUKOpuctanHs TH omi-
HIOIOTh IIEPEBAXKHO 3a AIMCHUM KoediuieHToM neperBopenHs. s epexruBHoi podotu TH 3 enek-
TPUYHHMM TPUBOJIOM BBAXKAETHCA MPUMHATHOK BENMYMHA ¢, > 2,5...3,0 ; BUCOKa eHepreTuuHa ede-

kTuBHICTh TH 3a06e3neuyernes 3a ¢, = 3,5...4,0. Lli 3HaueHHs KOEDILIEHTIB IEPETBOPEHHS MIATBEP-

JDKEHI CTaTUCTUYHUMM JAHUMHM IIOJO0 JIMCHUX KoedinieHTiB nepeTrBopeHHs TH, siki BUIyCKarOTh
¢bipmu LG, Mitsubishi, MHPUL, MHPUE, FUJITSU, McQUAY, HPVU, «Enepris», «Tputon-
JIT» [4].

Bucoka eneprernuna edektuBHiCTh TH 3 KoreHepauiiHuM NpUBOAOM 3a0e3leuyeThCs 3a
¢, 22,0, 110 3yMOBJIEHO BPAaxyBaHHAM JIOJATKOBOI TEILIOBOI MOTYKHOCTI Bijl yTHII3alIHHOTO 00-

JaJIHaHHA KoreHepauiiHoro npusoay TH [6].

[Ipoananizyemo eHepreTnyHy eheKTUBHICTh cucTeMu «Jlxepeno mpusoanoi eHeprii TH — TH —
crokuBau TeruioTy Bix TH» Ha mpukiiazl napoKOMIPECiiHUX TEIIOBUX HACOCIB 3 €JIEKTPUYHUM 1
KoreHepauiiinum npusojamu. [lepeBaroro Takoro miaxojay € BpaxyBaHHS BTpaT €Heprii mij 4ac
reHepyBaHHsI, IOCTaYaHHs i MepeTBOPEHHs eNeKTpuuHoi eHeprii 1o TH 3 MeToro BU3HaUYeHHs ede-
KTUBHUX AICHUX pexxuMiB poootu TH 3 enexTpuyHuM 1 KOreHepauiiHuM IpUBOIaMHU.

Enextpoeneprito B Ykpaini Bupooustors teriosi (TEC), aromui enekrpocranuii (AEC) Tta rig-
poenektpocraniii ('EC). [lo cknamay ykpaiHChKOi €HEpreTUKH BXOIUTh 44 TETUIOBUX, 8 TiIpaBiiu-
HUX Ta 4 aTOMHHX enekTpocTaHiii. Ha temosi enexkrpocranuii npumnanae 10 46,3% Bcboro odcsry
BUPOOHHUIITBA €JIEKTPOEHEPrii, Ha aToMH1 — 47%, Ha TigpaBiiuHi — 6nu3eko 7% [8, 9].

[TpoBenemo pospaxyHok eHepreruynoro yanimora Big TEC, AEC ta I'EC no crioxxnBada enekt-
PUYHOI €Heprii.
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Koedinient xopuchnoi aii TEC 3 BupoOnuntBa enexkrpoeneprii 3anexutsh B KK ocHoBHUX
€JIEMEHTIB — NapOBOr0 KOTJA, TypOOYCTaHOBKH, a TAKOX 3’ €JHYIOUMX iX TpyOOIpOBOJIIB Mmapu i
Boju [9, 10].

[1in yac reHepyBaHHs €JIEKTPUYHOI €HEPTii yacTHHA BUPOOIEeHOi eHeprii (4 — 6%) BUTpavyaeThCs
Ha MArOTOBKY NalMBa, 10/1a4y KOTEJIbHOTO MOBITPS, BIABEIEHHS IMMOBHUX Ia3iB 13 KOTJIB, 0Ja4y
0XO0JIOKYBAJIBHOT BOJIM, BIIBEJICHHS! KOHJEHCATY Ta 1HIIE. SIKII0 NPUIHATH BUTPATU €IEKTPOEHEP-
rii Ha BiacHi notpedu TEC y po3mipi 5%, To octarounuii KK/ TEC (enepro6smoxy) 3 BUpOOHHUIT-
Ba €JIEKTPOCHEPT1i MOYKHA BU3HAYUTH

77TEC = 77m< ’ nmp ’ 77my (1 - 0’05) > (3)
ne 1, — KK/ maposoro xotna, 7,,, — KK tpybonposoxis, 1,, — KK/ TypboycTaHOBKH.

Haiioupmmii BrumB Ha KK/ enexrpoctantii mae KKJ][ Typ6oycTaHOBKH, sSIKHMil BpaxOBYy€e 3HAY-
HY BTpaTy TEIUIOBOI eHeprii B KoHaeHcaTopi TypOiHu (45 — 50% Big BUpoOIIeHOT KUTBKOCTI TETJIOBOT
eHeprii). Pemra BTpar eHeprii Ha enexkTpocTaHuii € 3Ha4yHO MeHmMMH. I[Ipuitmaroun 77, = 0,9;

M,y =0,99; 17,,= 0,5, oTprmaemo 3 hopmyiu (3) 3HAUCHHS 77, = 0,423, sAKe BIINOBIA€ HOMIHAIb-

HIl MOTYXKHOCTI eleKkTpocTaHii. Y Bunajaky HernoBHoro HaBantaxeHHs TEC 3nauenns KK/ 3me-
HITYETHCS.

Sxmo Ha AEC sk mepBUHHE JKEpesioM €Heprii po3risgaTH sIIEpHUM peakTop, TO 3HAYEHHS
KK AEC 3anexarume Bin KKJI TypOoreneparopHoi ycranoBku. Jlo ckiiagy TypOoreHepaTopHO1
YCTaHOBKHM BXOIMTh naposa TypOina, KK/I sxoi 77, (3 ypaxyBaHHSAM yCiX BTpaT TEILUIOBOI €HEpIii B

SJIEPHOMY PEaKTOpl, Y TEIUIOOOMIHHUKY, Y KOHJEHCATOPl, Y TPyOONIpOBOAAX) CTAHOBUTHUME OJIN3b-
ko 33 — 34%. KK]I reneparopa npubnuzno aopiHoe 98,5%. Toxai 3nauennss KKl AEC moxna
BU3HAUUTHU TaK:

77AEC = 77nm ’ 773' = 0,33 : 0,985 = 0,325 (4)

Ha T'EC nns BupoOGIieHHS €leKTPpUYHOI eHeprii BUKOPUCTOBYIOTh €HEPTil0 BOJHUX MOTOKIB. [le-
pBunHUMHU ABuryHamu st TEC e rigpoTypOinu, sKi NpUBOAATH B 00€pTaHHS CUHXPOHHI rifpore-
Heparopu. KKJI I'EC cranoButs 17, =90 —93%, 1 32 1uM NOKa3HUKOM BOHHU € HaHEKOHOMIYHI-

UMH eneKTpocTaniisimu [9, 10].

3naroun 3HaueHHs1 KK/[ TEC, AEC ta 'EC 1 yacTku eneKTpuyHO1 eHeprii, 1110 BOHU I'€HEPYIOTh,
MoxkHa Bu3HauuTH cepeanii KK/ renepyBanns enexkTpoeneprii B YKpaiHi.

Ycepennene 3nauennss KKJI enexkrpocraHiiiii cTaHOBUTHME:

O+ O +a
_ _TEC AEC EC
Mpe = ; )

(04 (04 (04
TEC | AEC  P'TEC

Nrec Muec Mrec

I€ Olpgcs Olapes Opge — YACTKH €JIEKTPUYHOI €HEprii, 10 FeHEPYIOThCS BIANOBIIHUMU €JIEKTPOCTa-
HIIISIMH.

VpaxoByroun, mo o= 0,463; o ,..= 0,47 ta o,-=0,07, 3 bopmymu (5) MOKHaA OJepKaATU
ycepennene 3HadenHa KKJI enexrpocranuiit 7, = 0,383.

VY Bumnajky 3ajlydeHHs B €HepreTUYHUN OaiaHc YKpaiHU albTepHATUBHUX BHUJIIB €1EKTPOCTAHIIIN
(na 06a3i maporazosux ycraHoBoK (III'Y) Ta razotyp6inHux yctaHoBok (I'TY), cOHslUHUX eneKkTpoc-
taHliil TepmoauHamiuyHoro nukiy (CEC), Birpoeneprernunux enekrpoctanuiii (BEC)) ycepennene
3nHaueHHs KKJ| enexkrpocraniiii BU3Ha4alOTh Tak:

_ Zal
(e, /n,)’

I€ O, — YaCTKH €JECKTPUYHOI €HEprii, 10 IeHEPYIOThCA BIANOBIIHUMH €IEKTPOCTAHIIIMH; 1), —

Msc (6)
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KK]I BiamoBiIHOT €J1eKTPOCTAaHIIII.

Bin enexTpocraHiiiii e1eKTpUYHA €HEPTis Yepe3 PO3MOUTbY1 MEPEkKi HAXOJUTh JI0 CIIOKUBAYA.
KK pyHKioHyBaHHS pO3MOJIUIBYUX €IEKTPUYHUX MEPEX BU3HAYAIOTh PIBHEM BTpAT €HEprii Mij
yac il TPaHCIIOPTYBaHHS.

3a ganumu pigroro 3Bity HKPE 3a 2010 pik, BennunHa 3arajibHUX TEXHOJIOTTYHUX BTPAT €JIEKT-
poeneprii B Ykpaini cknamna 12,5% Big oOcsry enekTpoeHeprii, mo Haaiinuia B Mepexy. OTxe,
KK/ po3noauibunx Mepex B YKpaiHi CTaHOBUTUME

Mg =1— B,y = 1-0,125=0,875. (7)

VY KiHIIl €HEepPreTUYHOro JIAHIIora 3HaXOAUThCS CIOKUBAY €IEKTPUYHOI €Heprii — eNeKTPUUHUN
nsuryH TH. KK/ enekrpuunoro asuryHa notyxHsictio 55 — 100 kBt 3 ypaxyBaHHsAM BTpaT eHeprii
B OJI0LIl yIIpaBJIIHHS JBUTYHOM CTaHOBUTHUME 1], = 80 — 85%. KK/ enekrpuuHoro nsuryHa Bemu-
KO1 IOTY>KHOCT1 CTAHOBUTUME 1], =90 — 95 %.

OTmxe, mpoaHasi3yBaBIlU JIAHLIOT T€HEPYBaHHS, IOCTAYaHHs 1 IEPETBOPEHHS €JIEKTPUYHOI eHe-
prii, orpumaemMo 3HaueHHs 3aranpHoro KK/ renepyBanHsl, mocTayaHHs i IEpETBOPEHHSI €JIEKTPH-
yHO1 eHeprii 1o TH

Nen =MNec  Naen " Men» 3
3HAYEHHS SIKOI'0 CTAHOBUTHUME:!
— 17151 TEIUIOBUX HACOCIB Masoi notyxHocTi (1o 1 MBT)
Mgy =0383-0,875-0,8=0,268;
— 17151 TEIUIOBUX HACOCIB BEIMKOI MOTYxHOCTI (moHax 1 MBT)
Nz =0383-0,875-0,9=0,302.
PiBasiHHs eneprernunoro OanaHcy mis cuctemu «Jlxepeno nmpuBoanoi eneprii TH — TH — cmo-

*uBad Terioty By TH» Ha mpukiani napokoMOpeciiiHuX TEIJIOBUX HACOCIB 3 €IEKTPUYHUM IPH-
BOJOM:

an = Qm ’ nEJT ’ q)m ’ 77mn = Qm ’ nmn > (9)
ne O, — temnoBa noTyxHICTb TH, O, — moTyxHICTh, BUTpau€Ha Ha €JIEKTPOCTaHIIi Il BUPOO-

JeHHs eneKTpu4Hoi eHeprii jurt npusoga TH, n,, — 3aransanii KK/I renepyBanss, nmocrayanus i

MIEPETBOPEHHS eNeKTPUUHOi eHeprii 3a popmyinoro (8), . — KKJI remnoBoro noroky, mo Bpaxo-

mn
BYE BTPATH €HEPrii Ta poO0Uoro arenra B TpydornpoBogax Tta obmagHanui TH.

st omiHtoBaHHsA eHepreTuyHoi edextuBHOCTI TH 3  eIeKTponmpwBOIOM BHKOPHCTAEMO
0e3p03MipHUH TTOKa3HUK

QmH /Qm = nEJT .q)m .nmn : (10)

3a ymoBu O, /O, =1 TemnoBuil Hacoc mepejac D0 CIOXHMBAdYa TaKy X TEIIIOBY HOTYXHICTB,
ska Oyna BUTpayeHa JUIsi BUPOOJIEHHs enekTpoeHeprii juist npuBoda TH. Uum Oulbllie 3HaYeHHS
L[bOTO NMOKAa3HUKA, TUM OUIbII €()EeKTUBHUM Ta KOHKYPEHTO3/IaTHUM OyJle TeIIOBUI HAcoC.

Jis TH 3 xoreHepauiiiHuM NpUBOJIOM PIBHSIHHSI €HEPreTUYHOTO OayiaHcy Juid cucteMu «J[xe-
peno npuBoHoi eHeprii TH — TH — cnoxxusau Temnotu Big TH» matume Bug (9). [Ipore B ubomy
Bunajky 3aranbHuil KKJI renepyBanHs, mocrayaHHs i NepeTBOPEHHS €JIEKTPUYHOI eHeprii BU3Ha-
4aTUMYTh 38 QOPMYIIOKO: 1y =Ny Mgy, A€ Mgy — epexruBauit KKJI rasonopiineBoro aBuryHa.

Jns TH 3 xorenepauiiiHuM pUBOAOM 3HAYECHHS ¢, B pIBHAHHI (9) BU3HAYaTHUMYTh 3 ypaxyBaHHIM

0., +20,,
N

KM

HNOTYKHOCTI YTHII3al[IiHOrO 001aJHaHHs KOT€HEepaliiHOro NpUBOLY @, = , e N —

KM

TEOpETUYHA MOTYXHICTh KoMmipecopa TH, X0

m — HOTYXKHICTb YTHJII3aUIHHOrO 00JIa/IHAHHS KOTe-
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HepauiiiHoro npusoay TH.
Eneprernuny edextusHicth TH 13 koreHepauiiHuM npuBoJoM OyIeMO OLIHIOBATH TakuM Oe3-
PO3MIPHUM MMOKA3HUKOM

Qﬂ’lH/Qm = nEﬂ '77517 'q)m .nmn : (11)

HocnimxenHs enepretuyHoi edpexkrusHocTi TH npoBoanau MeTo10M MaTeMaTUYHOTO MOJIEINIO-
BaHHa poOotu TH 3 Bukopucranusm nporpamu B Excel. JlocmimpkyBanu eHepreTuuHy e(eKkTuB-
HicTb TH 3 enexTponpuBoioM 1 KOreHepauiiHUM MPUBOJAOM KOMIIPECOpa BiJl ra30MOPUIHEBOTO
nsuryHa (I'TIJ1). Cxemu 3a3nauenux TH naBeneni B po6ori [11].

Ha puc. 1 noxasani 3HaueHHs 0G€3pO3MIPHOTO IMOKa3HUKA eHepreTudHoi edexktuBHocTi TH 3
€JIEKTPOIPUBOJIOM JUIsl TEIUIOBUX HACOCIB MaJIOi MOTY)KHOCTI 3aJIe)KHO Bl TEOPETUYHUX 3HAUYEHb
KoedimienTa meperBopeHHs. JocniKeHHs] TPOBOAMIN /Uil BUTIAIKIB BUKopucTtanHs B TH enexr-
poeHeprii Bij eNeKTPOCTaHLIN PI3HUX TUMIB, a TaKOX A ycepeaHenux 3Hadenb KKJI enextpoc-
TaHlii B YkpaiHi. [lyHKTHpHOIO JiHIEIO Ha puc. | MOKa3aHe IpaHUYHE 3HAYEHHS MMOKa3HUKa eHep-
rerndHoi edexruBHocTi TH. Sk 3asnaganocs pawiie, wis Bumagkis O, /O >1 Buxopucranus TH

€ NOIUIbHUM.

cepefHi no YkpaiHi
nry s KKA 0,55
TEC 3 KK 0,37
I'TY 3 KKA 0,33
CEC3KKAO 0,3

------- rpaHn4He 3Ha4YeHHA

Puc. 1. 3nauenns 0e3po3MipHOro Noka3zHUKa eHepreTHyHoi eekTuBHOCTI TH 3 €l1eKkTporpruBoaoM [UIst TEINIOBUX HACO-
CIB MaJIOi TIOTY)KHOCTI 3aJIeXKHO BiJl TEOPETHYHUX 3HAUYEHb KOe(illieHTa IEPETBOPEHHS

Ha puc. 2 mokazano 3HadeHHs1 0€3p03MIpHOTO TOKa3HUKa eHepreTudHoi edextuBHOocTi TH 3
€JIEKTPOIPUBOJIOM JUIsl TEINIOBUX HACOCIB BEJIMKOI MOTYXHOCTI 3aJIEXKHO Bl TEOPETUYHUX 3HAYEHB
Koe(ilieHTa NepeTBOPEeHHs. SIK 1 B MONEpeIHbOMY BUIIAAKY, JOCIIIKEHHS IPOBOAUIIH [yl BUIIA-
KiB BukopuctanHs B TH enekrpoeneprii BiJl €€KTpOCTaHIIM PI3HUX THUIIIB, a TAKOXK JJISl yCEepeIHe-
Hux 3HaueHb KK/l enexrpocranuiii B Ykpaini. Buiie nmyHkTupHOi JiHii BU3HaueHa o0nacTh edek-
THUBHOTO BUKOpUCTaHHA Takux TH.

cepepfHi no YkpaiHi
nry 3 KKA 0,55
TEC 3 KKO 0,37
I'TY 3 KKA 0,33
CEC 3 KKA 0,3
------- rpaHNYHe 3HaYeHHs

o
Puc. 2. 3nauenns 0e3po3MipHOro Noka3zHUKa eHepreTHyHoi eekTuBHOCTI TH 3 eleKkTporpruBooM ISt TEIIOBUX HACO-
CIB BEJTMKOI MOTY)KHOCTI 3aJIeXKHO BiJ] TEOPETUYHUX 3HAYEHBb KOe]ili€HTa IIepPETBOPEHHS
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Ha puc. 3 moka3ani 3HaueHHsI 0€3pO3MIPHOTO MOKa3HHWKa eHepreTudHoi edekrtuBHOoCcTi TH 3
€JIEKTPOIPUBOJIOM JUIsl TEINIOBUX HACOCIB MaJIOi MOTY)KHOCTI 3aJI€)KHO B1J AIMCHUX 3HAYEHb Koedi-
L[IEHTA NEPETBOPEHHS. SIK 1 B MOnepenHiX BUIMAKaX, Ha pyc. 3 BUIIE MYHKTUPHOI JiHIi BU3HAUECHA
o0rnactb epeKTUBHOTO BUKOpUCTaHHs Takux TH.

3aJIe’)KHOCTI, MMOKa3aHi Ha puc. 1 Ta 2, M03BOJISIIOTh BUSHAYUTH MIHIMAJIbHI TEOPETUYHI 3HAUYCHHS
koedimienTta neperBopeHHs: TH, Buie sikux 3actocyBanHs meBHoro Buay TH e norinbHuM.

3,5
3 i
cepeaHi no Ykpaii
251 MY 3 KKZ 0,55
g“ 2 4 TEC 3 KK[ 0,37
g 15- MY 3 KKJ 0,33
CEC 3 KK 0,3

1
------- rpaHnyHe 3Ha4eHHs
0,5 -

0 : 1 1 1 1 1 1 1 1
0,6 1,2 1,8 2,4 3,0 3,6 4,2 4,8 54 6,0

ba

Puc. 3. 3nauenns 0e3po3MipHOro Noka3zHuka eHepreTuyHoi eekTuBHOCTI TH 3 el1eKkTporpruBooM ISl TEIIOBUX HACO-
CIB MaJIOi IOTY)KHOCTI 3aJIeXKHO BiJl NIHCHUX 3HaYeHb KOoe]ilieHTa IIepEeTBOPEHHS

Ha puc. 4 noka3ani 3HaueHHs 0€3pO3MIPHOTO TMOKa3HHWKa eHepreTudHoi edextuBHOCTI TH 3
EJICKTPOIPUBOJIOM IS TETUIOBUX HACOCIB BEJIMKOT MOTY>KHOCTI 3JIKHO B/ NIMCHUX 3HAYEHb KOE-
¢iienTa nepeTBOpeHHs. Bule nyHKTHUpHOI JiHIi BU3HaYeHa 00JacTh €(EeKTUBHOTO BUKOPUCTAHHS
takux TH.

3ae)xHOCTI Ha pucC. 3 Ta 4 MO3BOJISSIOTh BU3HAYMTH MIHIMAbHI JIACHI 3HAYCHHS KOe(iIieHTa
neperBopeHHs TH, Buiie sikux 3acrocyBanHs rnesHoro suay TH € nouuibHuM.

4

cepefHi no YkpaiHi

q nry s KK4 0,55
Ie] TEC 3 KK[ 0,37
rTY 3 KK 0,33
CEC 3 KK[ 0,3

....... rpaHn4yHe 3Ha4YeHHA

ba

Puc. 4. 3nauenns 0e3p0o3MipHOro NoKa3zHUKa eHepreTHyHoi eekTuBHOCTI TH 3 el1ekTporpruBoaoM [UIst TEIIOBUX HACO-
CIB BEJIMKOI MOTY)KHOCTI 3aJI€)KHO BiJl JIHICHUX 3Ha4eHb KoeillieHTa epeTBOPEHHS

Ha puc. 5 mokazani 3HaueHHS 0€3p03MIpHOTO MOKa3HUKa eHepreTudHoi epexkruBHOCTI TH 3 KO-
reHepaliiiHuM IPUBOJIOM JJIsl TEIUIOBUX HACOCIB Majiol Ta BEJIMKOI MOTY)KHOCTI 3aJIEKHO BiJ T€O-
PETHUUHUX 3HAYeHb Koe]illeHTa NepeTBOpeHHs. SIK 1 B momnepeHiX BUIAKaX, ITyHKTUPHOIO JIIHIEO
Ha puc. 5 moKa3zaHe rpaHUYHE 3HAYEHHSI [TOKa3HHKa eHepreTnyHoi egpextuBHocTi TH, Bulle sikoro
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BH3HAYCHA 00J1aCTh €PEKTUBHOTO BHKOpUCTaHHS TakuxX TH.
4

3,5
3

2,5

Maria noTy>HiCTb

2 BEMUKa NOTYXXHICTb

QTIJQT

....... rpaHnYHe 3HaYeHHs
1,5

14 24 34 44 54 64 74 84 94 104 114
or

Puc. 5. 3nauenns 0e3po3MipHOro Noka3zHuka eHepreTuyHoi eekruBHOCcTI TH 3 KOreHepaliitHuM MpUBOJIOM ISt
TEIUIOBUX HACOCIB MaJIOi Ta BEJIUKOI MOTY)KHOCTI 3aJIEXHO Bil TEOPETUYHUX
3Ha4YeHb Koe(illieHTa epeTBOPEeHHs

3ayIe)HOCTI, MMOKa3aHi Ha PUC. 5, TO3BOJISIOTh BUSHAYUTH MIHIMAIBbHI TCOPETHUYHI 3HAYCHHS KO-
edimienTa neperBopenns TH, Buie skux 3acTocyBanHs neBHoro Buay TH € nomiasHUM.

Ha puc. 6 mokasani 3Ha4eHHs 0€3p03MIPHOTO MOKa3HUKa eHepreTndHoi eexruBHOCTI TH 3 KO-
TeHEepalifHUM MPUBOJIOM JUIS TEIUIOBHX HACOCIB MAJIOi MMOTYXHOCTI 3aJICXKHO BiJl AIHCHUX 3HAYCHD
Koe(ilieHTa TepeTBOPeHHsI. BHIle MyHKTHPHOT JTiHII BU3HAYeHA 00JIACTh €PEKTUBHOTO BUKOPHC-
TaHHs Takux TH.

3,5

Mara rnoTy>XHiCTb
....... rpaHNy4He 3Ha4YeHHs

0,5

0
0,83 1,43 2,03 263 323 3,83 443 503 563 6,23 6,83

ba
Puc. 6. 3nauenHs 0e3po3MipHOro NokaszHuka eHepretuyHoi eekruBHOcTi TH 3 KOreHepauiitHum npuBogOM
JUTSL TETUIOBUX HACOCIB MaJIoi IOTY)XKHOCTI 3aJIe)KHO BiJl NiIHCHUX 3HAUEHb
Koe(illieHTa epeTBOPEHHS

3HaueHHs1 0e3pO3MIPHOTO MMOKa3HUKA eHepreTudHoi edektuBHOCTI TH 3 KOTEeHepamiiiHUM MpH-
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BOJIOM JUIsl TEIUIOBUX HACOCIB BEJIMKOT NOTYKHOCTI 3aJI€)KHO B1J AIICHUX 3HAUY€Hb KOe]IiLiEHTA TIe-
PETBOpPEHHS IMOKa3aHi Ha puc. 7. Sk 1 B momnepeaHix BUIAKax, IyHKTUPHOIO JIHIEIO Ha pHC. 7 MO-
Ka3aHe I'paHUYHE 3HAYEHHS MOKa3HUKa eHepreTuyHoi epextuBHOCTI TH, BuIlE sikoro BU3HauYeHa
o0nactb epeKTUBHOTO BUKOpUCTaHHs Takux TH.

4

3,5 +

3 4

BENVKa MOTYXHICTb

------- rpaHU4yHe 3HaYEeHHs

0 1 1 1 1 1 1 1 1 1
093 161 228 29 363 431 498 566 6,33 7,01 7,68

da

Puc. 7. 3nauenns 0e3po3MipHOro noka3zHuka eHepreTuyHoi eekruBHOcTi TH 3 KOreHepauiitHuM MpUBOJOM ISt
TEIJIOBUX HACOCIB BEJIMKOI MOTY)KHOCTI 3aJIE)KHO BiJI AIMCHUX 3Ha4YeHb KOe(illieHTa IepEeTBOPEHHS

3aJIe)XHOCTI, MOKa3aHi Ha puC. 6 Ta 7, J03BOJSIOTh BUSHAYUTH MIHIMAIbHI AIMCHI 3HAYCHHS KOE-
¢iienta neperBopennst TH, Buie sikux 3actocyBanHs nesHoro Buny TH e nouinsHuM.

BucHosku

3/ICHEHO OLIHKY €HEepPreTUYHoi e()eKTUBHOCTI MAPOKOMIIPECIHHUX TEIUIOBUX HACOCIB 3 €JEKT-
PUYHHUM Ta KOT€HepalliiHUM MPUBOJAMHU, BUZHAUEHO e(eKTUBHI JiiicHI pexumu podotu TH 3 ene-
KTPUYHUM Ta KOTEHEpalilHUM MPUBOJAMU 3 YpaxyBaHHSM BTpaT €HEpTii MiJ 4ac I'e€HEepyBaHHS,
MIOCTayaHHs ¥ NepEeTBOPEHHSI €IEKTPUYHOT €HEprii.

[IpoananizoBano eHepreTudHy e(heKTUBHICTH cucTeMu «J>kepeno mpuBoanoi eneprii TH — TH —
crokuBau Teriotu Bix TH» Ha npukiaai napoKoMNpeciiiHUX TEIUIOBUX HACOCIB 3 €JIEKTPUYHUM Ta
KoreHepauiiinum npusojamu. [lepeBaroro Takoro migxojay € BpaxyBaHHS BTpaT €Heprii mij 4ac
reHepyBaHHsI, IOCTAYaHHS ¥ EPEeTBOPEHHS €EeKTPUYHOIT €HEePril BiJl €eKTPOCTaHLIN PI3HUX TUIIIB
no TH 3 meToro Bu3HaueHHS ePEeKTUBHUX IIMCHUX pexuMiB podotu TH 3 enekTpuyHuM Ta Kore-
HepalifHUM MPUBOIAMHU.

Jlji1 mapoKOMITpeCIiHUX TEIJIOBUX HACOCIB 3 €EKTPUYHUM Ta KOT€HEpaI[iiHUM IPUBOJIaMU BU-
3HaYeHO 00J1acTi IXHBOTO €(PEKTUBHOI'O BUKOPHUCTAHHS 3a OE€3pO3MIPHUM MOKA3HUKOM €HEpreTuy-
HOT epekTUBHOCTI. AHaJII3 IpoBeieHo A napokoMmipeciiuux TH manoi ta BeanKoi moTyKHOCTEH.

3anpornoHoBaHi Ha puc. 1 — 7 3aJIeXHOCTI JO3BOJSIOTh BU3HAUYUTH MIHIMAJIbHI TEOPETHYHI Ta
NilicHI 3HaUeHHs KoedimienTa neperBopeHHss TH, Bumie skux 3actocyBaHHs neBHoro Buay TH e
JOLUIBHUM.
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ENERGETICS AND ELECTRICAL ENGINEERING

O. P. Ostapenko, Cand. Sc. (Eng.), Assis. Prof.; V. V. Leshchenko; R. O. Tikhonenko

ENERGY EFFICIENCY OF STEAM COMPRESSOR HEAT PUMPS WITH
ELECTRIC AND COGENERATION DRIVE

Energy efficiency of steam compressor heat pumps (HP) with electric and cogeneration drive
has been analyzed. Efficient real operation modes of heat pumps with electric and cogeneration
drive are determined, taking into account energy losses in the process of generation, supply and
conversion of electric energy.

Key words: energy efficiency, heat pump, coefficient of performance, electric drive, cogenera-
tion drive.

Introduction

Modern development of power industry is characterized by substantial cost increase of energy re-
sources, deterioration of the environment and complication of its protection against the impact of
heat generating installations. Energy and resource-saving, environment protection are priority direc-
tions in the development of fundamental research in the sphere of fuel and energy resources [1]. In
industrial complex of Ukraine the share of natural gas consumption still remains rather high more
than half of energy problems of the country are solved at the expense of natural gas burning. Problem
of efficient consumption of energy resources and introduction of energy-saving technologies be-
comes very urgent due to energy crisis [2]. Usage of steam compressor heat pumps with electric and
cogeneration drive will promote natural gas saving and environment protection due to reduction of
thermal pollution and harmful emissions of combustion products.

In recent years a great deal of papers were devoted to the problems of energy efficiency of heat
pumps [1 — 7]. In [1] the author carried out the research aimed at efficiency increase, selection of
rational parameters and operation modes of heat pumping plants for heating systems and heat supply
regarding equivalent fuel consumption. In [2] thermodynamic and exergy analysis of the efficiency of
steam compressor cycle of heat pumping plants of heat supply was carried out. The authors in [3]
analyze thermodynamic efficiency of heat pumping plants of heat supply. In [4] new approach to the
estimation of heat pumps is suggested. However, in research [3 — 4] energy losses during generation,
supply and conversion of electric energy from various types of electric power plants are not taken
into consideration. The authors [5] performed analysis of HP with electric and cogeneration drive for
limited amount of variants. In [6] the estimation of the efficiency of different variants of heat pumps
according to the coefficient of primary energy usage is performed. The author in [7] realized ther-
modynamic analysis of various types of HP.

In [1-7] the authors did not carry out evaluation of energy efficiency of steam compressor heat
pumps with electric and cogeneration drive, taking into account energy losses during generation,
supply and conversion of electric energy.

Aim of the research is determination of the efficiency of steam compressor heat pumps with
electric and cogeneration drive, determination of the efficient operation modes of HP with electric
and cogeneration drive, taking into account energy losses during generation, supply and conversion
of electric energy.

Main part

In steam compressor heat pumps increase of temperature level of low temperature heat takes
place during mechanical compression of refrigerant in the compressor. Heat pumps may have electric
and cogeneration drive (from gas-piston engine). Cogeneration drive of heat pumps has advantages
as compared with electric one, because it enables to avoid additional losses of electric energy during
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transportation. Besides, application of HP with cogeneration drive of the compressor from gas en-
gines can be considered as one of important directions of energy and resources-saving, as it provides
utilization of fuel gases heat after gas engine, that provides better energy efficiency.

Energy efficiency of heat pumps may be evaluated by several efficiency criteria. Most frequently
energy efficiency of energy conversion in heat pump is evaluated by the coefficient of performance of
energy o, that equals to the ratio of energy, obtained by the consumer, to the energy, used by cycle
realization.

Energy efficiency of HP may be evaluated by the coefficient of performance, theoretical value of
which is defined by the formula

T
=, (1)
T]_TZ

?,

where 7, and T, — temperatures of high temperature heat-transfer agent at the output and low tem-

perature heat-transfer agent at the input of HP, K; correspondingly.

It should be noted, that coefficient of performance does not take into consideration all losses of
energy, connected with heat generation in HP. In real conditions, besides throttling, energy losses
take place in pipe-lines and HP equipment.

Real coefficient of performance of HP will be

q)r = q)t .nhp b (2)
where 1, — energy efficiency factor of HP, that takes into consideration all energy losses in heat

pump. Value of energy efficiency of modern HP is within the limits of 0,65-0,7 [4].

In home, foreign literature and in practice the efficiency of HP usage is estimated mainly accord-
ing to real coefficient of performance. For efficient operation of HP with electric drive value of
¢ >25.30 1s considered to be acceptable; high energy efficiency of HP is provided at

¢. =35...4,0. Such values of coefficients of performance are proved by statistic data of real coeffi-

cients of performance of HP, manufactured by such companies as LG, Mitsubishi, MHPUL,
MHPUE, FUJITSU, McQUAY, HPVU, "ENERGY", "TRITON-LTD" [4].
High energy efficiency of HP with cogeneration drive is provided if ¢ >2,0; it is stipulated by

the fact, that additional heat power of utilization equipment of HP cogeneration drive is taken into
account [6].

We will analyze energy efficiency of the system "Source of drive energy HP — HP — consumer of
heat from HP" on the example of steam compressor heat pumps with electric and cogeneration drive.
The advantage of such approach is that energy losses during generation, supply and conversion of
electric energy to HP is taken into consideration in order to determine efficient real operation modes
of HP with electric and cogeneration drive.

Electric energy in Ukraine is generation by thermal power plants (TPP), nuclear power plants
(NPP) and hydropower stations (HPS). Energy branch of national economy of Ukraine comprises 44
thermal power plants, 8 hydropower stations and 4 nuclear power plants. Thermal power plants gen-
erate 46,3% of the total volume of generated energy, nuclear power plants generate 47%, and hy-
dropower stations — 7% [8, 9].

Let us perform calculation the energy chain from TPP, NPP and HPS to the consumers of electric
energy.

Efficiency factor of TPP of electric energy generation depends on the efficiency factor of main
elements — steam boiler, turbine plant and pipe lines of steam and water [9, 10].

During generation of electric energy, part of the generated energy (4-6%) is spent on fuel prepa-
ration, boiler air supply, flue gases removal from the boilers, cooling water supply, condensate re-
moval and other needs. If electric energy expenditures for TPP auxiliary power are 5%, then final
efficiency factor of TPP (energy unit) may be determined
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Mrep =My "Ny '77tp(1 - 0’05) ) (3)
where 7, — efficiency factor of steam boiler, 7, — efficiency factor of pipe lines, 7, — efficiency

factor of turbine plant.

Efficiency factor of turbine plant that takes into account considerable loss of thermal energy in
turbine condenser (45-50% of generated amount of heat energy) has the greatest impact on efficien-
cy factor of power station. Other losses of energy at power station are far less. Assuming 7,,=0,9;

n,=0,99; n,,= 0,5, we obtain from the formula (3) the value of 7,,, = 0,423, that corresponds to

nominal power of electric power station. In case of insufficient load of TPP the value of efficient
factor decreases.

If at NPP nuclear reactor is considered to be the primary source of energy, then the value of NPP
efficiency factor will depend on the efficiency factor of turbo-generator plant. Turbo-generator plant
comprises steam turbine, efficiency factor of which 7, (taking into account all losses of thermal

energy in nuclear reactor, in heat exchanger, in condenser, in pipe lines) will be approximately
33 — 34%. Efficiency factor of the generator equals approximately 98,5%. Then, the value of NPP
efficiency factor may be determined as:

Myer =11y "1, =033-0985=0,325. (4)

At HPP energy of water flows is used for generation of electric energy. Prime movers for HPP are
hydro turbines that move synchronous hydro generators. Efficiency factor of HPP is
Nupp =90 —93%, and, according to this parameter, they are the most economical power stations [9,
10].

Knowing the values of efficiency factors of TPP, NPP and HPP and also shares of electric energy,
they generate, we may determine average efficiency factor of electric energy generation in Ukraine.

Averaged value of electric power plants efficiency factor will be:

a +a +a
_ CGpp NPP HPP
Nepp = ) )

(04 (04 (04
rep. | Ynep y “HPP

Mrep Mee - Mupp

where app, Oypp, Op — shares of electric energy, generated by corresponding electric power
plants.

Taking into account that o, = 0,463; a,,, = 0,47 and «,,, =0,07, we may obtain from the
formula (5) the averaged value of efficiency factor of power plants 7,, = 0,383.

If alternative types of electric power plants (on the base of steam-gas installations (SGI) and gas-
turbine installations (GTI), solar power plants of thermodynamic cycle (SPP), wind energy plants
(WEP)), are involved in energy balance of Ukraine, the averaged value of power plants efficiency
factor will be determined in the following way:

Yo

P e e 6
" S e n,) ©

where «; — shares of electric energy, generated by corresponding electric power stations;
n, — efficiency factor of the corresponding electric power station.

From electric power stations electric energy across distributive grids arrives to the consumer. Ef-
ficiency factor of distributive grids operation is determined by the level of energy losses while it’s
transporting.

According to the annual report of National Commission of Energy Branch Regulation of 2010
value of total technological losses of electric energy in Ukraine was 12,5% of the total volume of
electric energy, arrived to the grid. Hence, efficiency factor of distributive grids in Ukraine will be

Hayxkosi npari BHTVY, 2014, Ne 4 3



ENERGETICS AND ELECTRICAL ENGINEERING

Npe =1— B, =1-0,125=0,875. (7)

At the end of energy chain there is a consumer of electric energy — electric motor of HP. Efficien-
cy factor of 55-100 kW electric motor, taking into account losses of energy in motor control unit,
will be 17,,, =80-85%. Efficiency factor of large power electric motor will be 77,,, =90-95%.

Thus, having analyzed chain of generation, supply and conversion of electric energy we obtain the
value of general efficiency factor of generation, supply and conversion of electric energy to HP

Nep =MNepp “Mpe " Mep- (8)

values of which will be:

— for heat pumps of small capacity (up to 1 MW)

Nz =0383-0,875-08=0,268;

— for heat pumps of large capacity (higher than 1 MW)

Nz =0383-0,875-0,9=0,302.

Equation of energy balance for the system "Source of drive energy HP — HP — consumer of heat
from HP" on the example of steam compressor heat pumps with electric drive:

Oy =0 Nep @ My » ©)
where Q,, — thermal capacity of HP, O, — power, spent at electric power station for generation of

electric energy of HP drive, n,, — total efficiency factor of generation, supply and conversion of
electric energy according to the formula (8), 1, — efficiency factor of heat flow, that takes into ac-

count losses of energy and working substance in pipe lines and HP equipment.
For evaluation of energy efficiency of HP with electric drive, we use non-dimensional index

th/Qh =Mep P My - (10)
On condition that Q,, / Q, =1 heat pump transfers to consumer the same thermal capacity, that

was spent for generation of electric energy to HP drive. The greater is the value of this index, more
efficient and competitive heat pump will be.

For HP with cogeneration drive energy balance equation for the system "Source of drive energy
HP — HP — consumer of heat from HP" will have the form (9). However, in this case, total efficiency
factor of generation, supply and conversion of electric energy will be determined by the formula:
Nep =Ny -Mep, Where 1, — efficient factor of gas-piston engine. For HP with cogeneration drive

the value of ¢, in the equation (9) will be determined, taking into account the power of utilizing

th + ZQM

equipment of cogeneration drive ¢, = *, where N, — theoretical power of HP compres-
cp
sor, X0, —power of utilizing equipment of HP cogeneration drive.

Energy efficiency of HP with cogeneration drive will be evaluated by non-dimensional index
th/Qh:nEM'nED'(/’t'nhf- (11)

Study of HP energy efficiency was carried out applying the method of mathematical modeling of
HP operation, using program in Excel. Energy efficiency of HP with electric drive and cogeneration
drive of the compressor from gas-piston engine (GPE) was studied. Schemes of the given HP are
presented in [11].

Fig. 1 shows the values of non-dimensional index of HP energy efficiency with electric drive for
small capacity heat pumps depending on theoretical values of the coefficient of performance. The
study was carried out for the cases of usage of electric energy in HP from various types of electric
power stations and also for averaged values of electric power stations efficiency factors in Ukraine.
Dotted line in Fig. 1 shows the limiting value of HP energy efficiency index. As it was already noted,
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for the cases Q,, / Q,>1 usage of HP is expedient.

3,5
3 |
25 average in Ukraine
' SGl with efficiency 0,55
E=
g 2 TPP with efficiency 0,37
d% 15 GTI with efficiency 0,33
9 SPP with efficiency 0,3
------- limiting value
0,5
0 f f f f f f f f
1 2 3 4 5 6 7 8 9 10
Ot

Fig. 1 — Values of non-dimensional index of HP energy efficiency with electric drive for small capacity heat pumps,
depending on theoretical values of the coefficient of performance

Fig. 2 shows the values of non-dimensional index of HP energy efficiency with electric drive for
heat pumps of large capacity depending on theoretical values of the coefficient of performance. As in
the previous case, the study was performed for the cases of usage of electric energy in HP from vari-
ous types of electric power stations and also for averaged values of electric power stations efficiency
factors in Ukraine. Above the dotted line the area of efficient usage of such HP is determined.

4
3,5 +
3 average in Ukraine
SGl with efficiency 0,55
e 251 TPP with efficiency 0,37
=2 2 GTI with efficiency 0,33
o 1,5 SPP with efficiency 0,3
T i BRI limiting value
0,5 -
0 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10

¢t
Fig. 2 — Values of non-dimensional index of energy efficiency of HP with electric drive for heat pumps of large
capacity, depending on theoretical values of the coefficient of performance

Dependences, shown in Fig. 1 and 2, allow to determine minimal theoretical values of the coeffi-
cient of performance of HP, higher of which application of certain type of HP is expedient.

Fig. 3 shows the values of non-dimensional index of energy efficiency of HP with electric drive
for small capacity heat pumps depending on the real values of the coefficient of performance. As in
the previous cases, in Fig. 3 above the dotted line the area of efficient usage of such HP is deter-
mined.
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TPP with efficiency 0,37
GTI with efficiency 0,33

SPP with efficiency 0,3

------- limiting value

Or
Fig. 3 — Values of non-dimensional index of energy efficiency of HP with electric drive for small capacity heat pumps,
depending on real values of the coefficient of performance

Fig. 4 shows the values of non-dimensional index of energy efficiency of HP with electric drive
for heat pumps of large capacity, depending on the real values of the coefficient of performance.
Above the dotted line the area of efficient usage of such HP is determined.

4
3,5 +
3 average in Ukraine
= 2,5 SGl with efficiency 0,55
g . TPP with efficiency 0,37
<] 15 GTl with efficiency 0,33
- SPP with efficiency 0,3
limiting value
0,5

o

Fig. 4 — Values of non-dimensional index of energy efficiency of HP with electric drive for large capacity heat pumps,
depending on real values of the coefficient of performance

Dependences in Fig. 3 and 4 allow to determine minimal real values of the coefficient of perfor-
mance of HP, above which usage of certain type of HP is expedient.

Fig. 5 shows the values of non-dimensional index of energy efficiency of HP with cogeneration
drive for heat pumps of small and large capacity, depending on the theoretical values of the coeffi-
cient of performance. As in the previous cases, the dotted line in Fig. 5 shows the limiting value of
HP energy efficiency index, above which the area of efficient usage of such HP is determined.
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Fig. 5 — Values of non-dimensional index of energy efficiency of HP with cogeneration drive for heat pumps of small
and large capacity, depending on theoretical values of the coefficient of performance

Dependences, shown in Fig. 5, allow to determine minimal theoretical values of the coefficient of
performance of HP, above which application of certain type of HP is expedient.

Fig. 6 shows the values of non-dimensional index of energy efficiency of HP with cogeneration
drive for heat pumps of small capacity, depending on real values of the coefficient of performance.
Above the dotted line, the area of efficient usage of such HP is determined.

3,5

small capacity

------- limiting value

0,83 143 203 263 323 383 443 503 563 6,23 6,83
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Fig. 6 — Values of non-dimensional index of energy efficiency of HP with cogeneration drive for heat pumps of small
capacity, depending on real values of the coefficient of performance

Values of non-dimensional index of energy efficiency of HP with cogeneration drive for heat
pumps of large capacity, depending on the real values of the coefficient of performance are shown in
Fig. 7. As in previous cases, dotted line in Fig. 7 shows the limiting value of energy efficiency index
of HP, above which the area of efficient usage of such HP is determined.
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large capacity

....... limiting value

093 161 228 29 363 431 498 566 6,33 7,01 7,68

Or
Fig. 7 — Values of non-dimensional index of energy efficiency of HP with cogeneration drive for heat pumps of large
capacity, depending on the real values of the coefficient of performance

Dependences, shown in Fig. 6 and 7, allow to determine minimal real values of the coefficient of
performance of HP, above which application of certain type of HP is expedient.

Conclusions

Evaluation of energy efficiency of steam compressor heat pumps with electric and cogeneration
drive is carried out, efficient real operation modes of HP with electric and cogeneration drive are
determined, taking into account energy losses during generation, supply and conversion of electric
energy.

Energy efficiency of the system "Source of drive energy HP — HP — consumer of the heat from
HP" has been analyzed on the example of steam compressor heat pumps with electric and cogenera-
tion drive. The advantage of such approach is the account of energy losses during generation, supply
and conversion of electric energy from various types of electric power stations to HP in order to
determine the efficient real operation modes of HP with electric and cogeneration drive.

For steam compressor heat pumps with electric and cogeneration drive areas of their efficient
usage according to non-dimensional index of energy efficiency are determined. The analysis for
steam compressor heat pumps of small and large capacity has been carried out.

Dependences, suggested in Fig. 1-7, allow to determine minimal theoretical and real values of the
coefficient of performance of HP, above which application of certain type of HP is expedient.
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