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Bonowyk B. A, K.T.H., poueHT (HauioHanbHUIN yHiBEPCUTET BOOHOIO
rocnogapcTBa Ta NPUPOAOKOPMCTYBaHHS, M. PiBHe)

BU3HAYEHHA MICLb, 3HAYEHDb TA NPU4YUH TEPMOAUHAMIYHUX
BTPAT Y TENJIOHACOCHI/A YCTAHOBLI HA CTIYHUX BOOAX HA
OCHOBI 3ACTOCYBAHHS METOZ0J10r1i NOrJIMBJIEHOr0
EKCEPFETUYHOI0 AHANI3Y

B po6oTi BU3Ha4YeHO MicLsl, 3HAYEHHSA Ta NPUYMHU TEPMOANHAMIYHUX
BTPaT y TEeNJIOHACOCHIN YCTaHOBLi Ha CTIYHUX BOAAX B CKAaAi cucTteMm
Tennosabe3neyeHHsA 6yAMHKY Ha OCHOBI 3aCTOCyBaHHA MeTOA0OriI No-
rnMéneHoro eKcepreTM4HOro aHanisy. 3rigHo oTpUMaHUX AAHUX, 3 Me-
TOH NiABULLEHHA eHepreTU4Hoi epeKTUBHOCTI TaKOi YCTaHOBKM, He06-
XiAHO Yy nepLuy Yyepry 3SHWKyBaTu HeOBGOPOTHOCTi Y MPOMiIXKHOMY Teno-
OOMiHHMKY LUNIAXOM 3MEHLUEeHHA Y HbOMY TeMMepaTypHoOro Hanopy.
KnwuoBi cnoBa: nornubneHnin ekcepreTUHHUM aHanis, TeNJIOHACOCHA
yCTaHOBKa Ha CTiYHMX BoAax, Tensio3abesnevyeHHs 6yAUHKY.

Bctyn. MeTtoaun ekcepreTU4yHoro aHanisy, wo 6a3ylTbCs Ha NoeEA-
HaHHI Nepworo Ta APYroro 3aKOHIiB TEPMOAMHAMIKWN, XapaKTepun3yrTbCs
WNPLINMU MOXKJIMBOCTAMM NPU BUPILLIEHHI 3a4ay o06rpyHTyBaHHA napa-
METPIB Ta PEXMMIB poOOTU TEMNOEHEPTreTUYHUX CUCTEM Y MOPIBHSAHHI i3
MEeTOAaMUN eHepreTMYHoro abo eHTanbniMHOro aHanisy, siKi B CBOIN OCHO-
Bi BUKOPUCTOBYIOTb TiJIbKW MEPLIMA 3aKOH TepMoauHaMmiku. Ha BigMiHy
BiJ, €eHepreTMYHOro aHanisy eKcepreTMYHUM MeTop OLiIHIOBAHHSA A03BO-
NSIE BU3HAYUTM MiCLE3HAXOOXKEHHS, 3HAYEHHS Ta O)Kepena TepMoguHa-
MiYHMX BTPAT B CUCTEMI.

HoBnvM eTanoM MeToa0N0ril eKCepreTMYHOro OUiHIBAHHSA € NOrn-
6NeHnn eKcepreTMYHUIN aHanis, Sk po3pobneHo NpeacTaBHUKAMM Hi-
MeLbKOI WKOMN NpUKNagHoi TepMoauHamikm [1-4]. [laHui aHani3 Ba-
NUBUI 3 TOYKWN 30PY PO3LUMPEHHS MOXXIMBOCTEN EKCEpPreTUYHOro nigxo-
Ay ANA NPUKNAAHOr0 BUKOPUCTAHHS.

TennoHacocHi yctaHoBku (THY) € ogHUMM i3 HaNbGiNbLW NepcnekTu-
BHMMM TEXHOJIOMIAMM B TeNepilHIN Yac ana uinoro paay coep. Ocobnuee
MiCLLe HaNeXWUTb TENJIOHACOCHMM CUCTEMAM, L0 BUKOPUCTOBYHTb HU3b-
KOMOTEHLIMHY eHeprito CTIYHUX BOA,. 3aBASKM BiAHOCHO BULLMM TeMnepa-
TYpaM HU3bKOMOTEHLUIMHOIO AXepesa TaKi CUCTEMU XapaKTepu3ylTbCs
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BULLIOIO EHEpreTUYHO epeKTUBHICTIO. 3 iHWOI cTopoHn paHi THY € Tex-
HOJIOTIYHO CKNAAHIWNMMK | [OPOXKYNMMU.

Ornspg HAayKOBUX AXKepen Mokasas, Wo MeToAosoris nornmbneHoro
eKcepreTMYHOro aHanisy peanisoBaHa, B OCHOBHOMY, Ha NpPUKNagi xono-
OUNbHUX MawwnH abo THY npomucnoBoro npuM3HavyeHHs, Ae po3rnsga-
ETbCA TiINbKN OOQMH PeXXuUM poboTu — HoMiHanbHUM [1-6]. THY y cknagai
cucteM TennosabesnevyeHHs OYOWHKY XapaKTepU3YHTbCSA MiHNUBICTIO
peXuMiB poboTn BCcepeaMHi ONantoBasbHOrO CE30HY, L0 BM3HAYAETHCS
BMJIMBOM MOrOA4HO-KAIMAaTUYHOTO YMHHMKA | MOBUHHO 060B'I3KOBO Bpa-
XOBYBaTUCA NMPU 3acTOCyBaHHi eKcepreTMYyHoro ouiHoBaHHA [7]. Ha oc-
HOBi geTanbHOro ornsagy icHyrumx pobiT asTopu [8] npuxoaaTe Ao BuU-
CHOBKY, LLO 30BCiM Masno AOCAIAXEeHb 3 eKCepreTMYHOro aHanisy npwuc-
BaYyeHo THY Ha cTiyHux Bogax. B po6ori [7] HaBeaeHo gaHi i3 nornmbne-
HOro ekcepreTuyHoro aHanizy THY Ha cTiYyHMX BoAax y cknagi cuctemu
TennosabesneyeHHs OYANHKY, ane 6e3 ypaxyBaHHSA il TEPMOAUHAMIYHOI
B33EMOII i3 TeNN00OMIHHUKOM, L0 NPM3HAYEHUN ANs nepenadvi eHepril
CTIYHUX BOA TEMJIOHOCII0 MPOMIXKHOMO KOHTYPY.

MeTolo po60oTK € peanizauis nornMbNeHoro eKcepreTMYHOro aHani-
3y 3 BM3HA4Ye€HHA MiClb, 3Ha4YeHb Ta NPUYMH TEPMOANHAMIYHMX BTpaT y
THY Ha cTiyHuXx Bopgax, y CKNaai Kol € NPOMIXKHUI TenN00OMiHHMK ans
yTuUnisauii eHeprii CTiYHMX BoA, Npu Tenno3abe3neyvyeHHi OyauHKy i3 ypa-
XYBaHHSM MIHJIMBUX PEXUMIB po6OTU BNPOAOBX ONantoBasibHOro nepio-
ay.

B KOXXHOMYy eneMeHTi eHepronepeTBOPOBaNbHOI CUCTEMU MOXKHA
no36yTnca TiNbKM YaCTUHM TEPMOANHAMIYHUX BTPAT. Yepe3 TeXHONOriYHi
oOMeXeHHs, NoB'A3aHNX, HANPUKNag, i3 iICHYlYMMU MaTepianamu, Tex-
HonoriaMu i/abo BapTicTIO MaTepianiB i BUPO6GHMYNX NpoLECiB, MAaKCUMa-
NbHE 3HAYeHHS eKcepreTu4Hol ePeKTUBHOCTI K-ro KOMNOHEHTa He MoXe
6yTn 36inbleHe Npu 6yab-aKUX iHBeCTMLUifX. YacTuHa OecTpyKuil ekcep-
ril, AKa He3aNeXHo Bif AOCKOHANOCTi KOMMNOHeHTa byae MaTu Micue, Ha-
3MBAETHCA HEMUHYYOI, ab0 TaKoto, AKOI No36yTUCA HEMOXUBO (aHrN. —
unavoidable — UN). lHwa yacTMHa aecTpyKuil ekceprii — Ta, AKOI MOXHa
no3byTtuca (aHrn. — avoidable — AV) [1-4]

Epg=Eph +EGY. (1)

OTXe, NpM YOOCKOHANIEHI €HeprocUcTeMn 3yCUSINA MOBUHHI ByTn
HanpaBfeHi caMe Ha Ty YaCTUHY OeCTPYKLil eKceprii, AKOI MOXXHa no36y-
THCS.

[oBeneHo, WO [eCcTPyKLUia eKcepril B OKPEMOMY efIeMEeHTI CUCTEMM
3anexuTb BiO HeobopoTHOCTEM SIK Be3nocepefHbO y CaMOMYy eJIEMEHTI,
TaK i B iHWMX efleMeHTaXx, Wo BXoAsATb y cucTeMy [1-4]. B pesynbTarti 6y-
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N0 po3pobsieHO Teopito PO3AiNeHHs OeCTPYKLiT eKcepril Ha BHYTPIWHbO-
3anexHy (aHrn. — endogenous — EN) Ta 30BHiWHboO3anexHy (aHrn. —
exodogenous - EX) [1-4]

Epg=Ep +ERY. (2)

Ha ocHOBI OTpMMaHMX 3Ha4YeHb BHYTPIWHbO- Ta 30BHILLIHbO3ANEX-
HUX YACTMH OEeCTPYKLUIT eKceprii MoOXHa po3pobuTK cTpaTerito yooCKoHa-
NeHHsA cuctemu [1-4]:

- npu Eg]i > Egjfc HeobXiAHO 3p0BUTN aKLEHT Ha YA0CKOHANIEHHS
[LaHOI0 KOMMOHEHTa;

~EN _ ~EX . .

-npn Epp <Ep’ . BaHUN KOMMOHEHT MoXe ByTW ya0CKOHaneHuu

«aBTOMATUYHO» 33 PAXYHOK YOOCKOHAJNIEHHS iHLWMX KOMMOHEHTIB CUCTe-
MKW ab0 CTPYKTYPHUX 3MiH CUCTEMMU;

- npu Eg’ EDk BapTO MEpPenTM A0 aHanily iHWMUX eNeMeHTIiB

CUCTEMW, OCKISIbKM YOOCKOHANIEHHS OJHOM0 3 iHWWX €efIeMeHTIB
060B'A3KOBO BN/IMHE HA 3HAYEHHS OECTPYKLUIl eKcepril B AaHOMY eneme-
HTi, TOBTO NpM3BEne A0 NepLMX OBOX BUMNAAKIB aHani3y.

B pe3ynbTaTi Takoro noAdiny AecTpyKUil eKcepril 3'ABUBCSA TaK 3Ba-
HUIM nornubneHnn ekcepreTUYHU aHanis [1-4]. 06’'egHaHHA UUX YOTU-
PbOX CKNA[0BMX OECTPYKLUIl eKcepril enemMeHTa cucteMm 3abesnedmnno i
NOAiIN HA TaKi YaCTUHW: BHYTPIWHbO3ANEXHY i Ty, AKOI HEMOXXJIMBO MO3-

EU ,EN

byTncsa — He MoXe OyTW yCYHyTa 4yepes iCHYHUi TeXHOMOTIYHI

0OMeXeHHS [aHOro efleMeHTa CUCTEMMU; 30BHILUHbO3ANEXHY i Ty, KOl

EUN EX

HEMOXXJIMBO No36yTucs — He MoXKe BYyTM yCyHyTa yepes iCHyHui

TEXHOJIOTIYHi 0OMEXKEHHS iHLWMX e/IeMEHTIB CUCTEMM Ta [AHOIM0 CTPYKTY-
PHOTO PpIilleHHS; BHYTPIWHbO3ANEXHY i Ty, SIKOI MOXHa no3byTtucsa

EgZ’EN — MOXKe BYTU yCyHYTa 3a paxyHOK YAOCKOHaNeHHs AaHoro ene-

MEHTA CMCTEMMW; 30BHILUHbO3ANEXHY i Ty, SKOI MOXHa no36yTucsa
LAV EX .
Epy — MOXKe 6yTW yCyHyTa 3a paxyHOK YOOCKOHANEHHS iHWnX ene-

MEHTIB CUCTEMM Ta/abo CTPYKTYPHOIO PilLIEHHS CUCTEMM.

Kpim Toro, gns Kpaworo po3yMiHHS B3aEMHOI0 BMJIMBY KOMMOHE-
HTIB CUCTEMMU, 30BHILIHbO 3aNIEXHY AECTPYKLIO eKcepril K-ro KOMMOHeH-
Ta MOXXHa Po34innTu 3a d)opMynoro [1]

Z EEX r m’eléco' (3)
r;tk
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EX r . .
E — YacTMHa 30BHIilLHbO3aNEXHOI AeCTPYKUil ekcepril B k-My

KOMI'IOHeHTi, AKa cnpn4nHeHa r-mMm KOMMNOHEHTOM;

ER%° - yacTuHa 30BHiluHb03anexHoi AecTpykuii ekceprii B k-My KoM-

MOHEHTI, KA CNPUYMHEHA OAHOYACHOK LIE€H BCiX KOMMNOHEHTIB CUCTEMU
opgHoyacHo [1].

Ha puc. 1 nokasaHo CTPYKTYpy pO3AiNeHHA AeCTPYKLUIil ekcepril y
k-My KOMMOHEHTI CMCTEMU BIAMNOBIAHO A0 HaBeAeHOIl BuLe Knacudikauil.

ED.P:

|

EX 1 EX n-1 mexs
ED.P‘ +ED3" +ED.3‘:

UN.EN N, EX -1[ EN AV EX
ED}“ Eur P "’E +“§D(.V"

SUN EX1 SUNEX -l | N me
E .7+ +E,; +E,;

Puc. 1. Mopin pecTpykuii ekceprii y k-My KOMMNOHeHTi cuctemu [4]

3 TOYKM 30py MNPAKTUYHOIO YOOCKOHANIEHHS TEemnoeHepreTUYHoI
cucTeMM HeobXiAHO BUAINATU caMe Ty OECTPYKLi0 eKceprii, sKy MOXHa
YHUKHYTW 33 PaxXyHOK yO0CKOHaneHHs k-ro enemeHTa. s cknapgosa byne
BM3HavaTuca 3a popmynoio [1]

AVE _ pAVEN | AV EX K
Ep==Ep, ZE (4)
r;tk
TS> .
pe £~ - cyMapHe 3HauyeHHs AecTpyKuii ekceprii, IKOT MOXXHa no36y-

TUCS 332 PaxXyYHOK TEPMOAMHAMIYHOMO YOOCKOHaNeHHS Kk-ro KOMMOHEHTA |

. . AV ,EN .
fKa Ma€e Micue y OgaHOMYy efleMeHTI EDk Ta IHWWUX 7 eJsieMeHTax
n—1
~AV EX k
Stigens
r=I
r#k

B paHux pocnigXXeHHsAX B AKOCTI HU3bKOTEMMNEpPaTypPHOro O)Kepena
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eHepril BAKOPUCTOBYIOTLCA CTiYHI BOOM 3 TEMMNEPATYpPolo, L0 3MIHIOETHCH
B Aiana3oHi 13...17° C. [Ins NnpoeKTHOro peXxXnMy 0X0NI0AXKEHHS TenJIoHOo-
Cisl MPOMIXXHOT0 KOHTYPY Y BUNAPHUKY NPUKHATO piBHuM 3 K, y Tennoob-
MiHHMKY MPOMIXXHOT0 KOHTYPY HarpiB LbOro TensoHocis ctaHoBuTb 3 K.
MiHiManbHM TeMnepaTypHUM Hanip SK y BUNAPHWUKY, TaK | y KOHAEHCa-
Topi piBHMM 5 K. TemnepaTtypHUi Hanip y TeNn1006MiHHUKY MPOMIXXHOro
KOHTYpPY CTaHOBUTb Y NMPOEKTHOMY pexxumMi 7 K.

IOnsa pocnigyXeHHa peXumie poboTu cucteMu TennosabesneyeHHs
NPy 3MiHi TENI0BOro HaBaHTa)eHHA (HEMPOEKTHUIA peXXuM poboTu) Bu-
KOPWUCTAHMWN KBa3iCTaLiOHApPHMM Niaxig nobynoBn MaTeMaTUYHUX MOAe-
nen eignoeigHo po [7] 3 ypaxyBaHHAM [060BOro KoNMBaHHA napameTpiB
BNAMBY. [1Ns KOXHOro pexumy pobotn THY ekcepris npogykTy, sika piB-
Ha eKcepril NPOAYKTY KOHAEHCATOPa, 3a/IMWAETLCA MNOCTINHOLO.

Ona peanizauii nornnbneHoro ekcepretTuyHoro aHanisy THY Buko-
PUCTAHUN TaK 3BaHUM TEPMOAMHAMIYHMN MeToA, AKMN 6a3yeTbCa Ha no-
6ynoBi ribpuaHUX TepMogMHaMiuHmx umknie [1-4]. Mpu ubomy, ans npoe-
KTHOrO peXuMy Npu BU3HAYEHHI AECTPYKLUIl eKceprii, AKOI HEMOXIMBO
no36yTnca Yyepes TEXHOJOFMYHI 0BMEXKEHHS, NMPUMHATO MiHIManbHUN Te-
MnepaTypHUM Hanip y BUNAPHUKY Ta KOHAEHcaTopi piBHUM 1 K, y npoMi-
YXXHOMY TennoobMiHHMKY 2 K, a isoeHTponHuin KK koMnpecopa — 94%.

Ha paHoMmy eTani gocnig)XeHb BNAMB rigpaBivyHUX OMNoOpiB B ene-
meHTax THY Ha pecTpyKuito eKceprii OKpemMo He BUBYABCS.

AHani3 oTpUMaHMX JaHUX NOKa3aB., WO YacTKa OeCTPYKLUil ekcepril
B KOXXHOMY eneMeHTi THY € pi3HOt B pi3Hi nepiogn onantBanbHOro ce-
30HY. BignoeigHo, Ha BigMiHY Big anpoboBaHMX Ha NpaKTuui nigxonie 3
eKkcepreTuyHol ouiHkn THY, e po3rnsipaeTbcs TiIbKU OOUH PEXUM po-
60TK cucteMu, onsa agekBaTHol ouiHkn THY B cknapi cucteMm Tennosa-
b6e3neyeHHa ByOMHKY 3 ypaxyBaHHAM MIHIMBUX PEXUMIB pob60TK npono-
HYETbCS BUKOPMUCTOBYBATM AMHAMIYHUIW METO aHani3y Ha OCHOBI KBas3ic-
TaLiOHApHOro Migxony 3 PO3PaxyHKOBMM YaCOBMM KPOKOM 24 rof i3 no-
AANbLWMWM iHTErPasbHUM OLIHIOBAHHSAM €KCepreTUYHUX KputepiiB 3a Ao-
NMOMOrOH TX CE30HHUX 3HAYEHb.

Ha puc. 2 nokasaHo ce30HHi 3HAY€HHS BHYTPILWHbO3ANEXHOI i Ti€l,

EEN,A V,year
D,k

O MOXHA YHUKHYTW, OECTPYKUil eKkcepril Ta 30BHilWHbO3a-

NEeXHOI i TIEl, WO MOXXHA YHUKHYTW, AeCTPYKLUiT eKcepril

EX AV r,year
ES7 ™ pns

KOXHoro KomnoHeHTa THY. [pnyoMy ocTaHHS CKNagoBa, y CBOK 4Yepry,
PO3MNOAiNeHa KiNbKICHO Ha Ti e1IeMeHTM TEMNJIOBOI0 HACOCa, Bif AKNX BOHaA
3anexutsb (aus. popmyny (3)).

Omxe, i3 puc. 2 6aumMmo, Wo B Komnpecopi Binbwa nonoBuHa pe-
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CTPYKUII eKcepril, AKy MoXHa YHUKHYTW, (497 KBT-rog a6o 76%) 3ane-
XUTb Bif TEPMOOMNHAMIYHOT LOCKOHANOCTI iHWKNX eNIeMeHTiB. Y CBOI 4vep-
ry, us AecTpyKuisi, B OCHOBHOMY, 06yMOB/iEHa HEAOCKOHANICTIO NPOMiX-
HOro TensIc06MiHHMKA Ta BUNAPHMKA, Yepe3 Lo Y KOMMNpecopi Mae Micue
194 kBt-rog Ta 135 kBT-rog ce3oHHOT gecTpyKuii ekceprii BignoBigHo.
Bcboro 69 kBT-rog ce3oHHOT AecTpyKLil ekcepril y KOMApecopi cnpuyun-
HEHO KOHAEeHCATopoM, a 98 KBT-rog — CyMiCHOW [i€0 KifIbKOX €NeMeHTIB
(npoMixkHoro TennoobMiHHUKA, BUNAapHUKa Ta KOHAEHcaTopa).

I3 puc. 2 6a4MMo, WO Ha BigMiHY Bif KOMNpecopa, B KOHOEeHcaTopi
MalKe BCA AECTPYKLUIA eKcepril, AKy MOXHa YHUKHYTH, (229 kBT-rog a6o
96%) 3anexuTb Bif TePMOAMHAMIYHOI LOCKOHANOCTi CaMOro KoHAeHca-
Topa.

I3 puc. 2 BUAHO, WO y APOCENIbHOMY BEHTUJII BCA YaCcTMHA AECTPYK-
LiT ekcepril, AKy MOXXHA YHUKHYTW, 3aN€XUTb Bi4 TepMOOMHAMIYHOI AocC-
KOHanocTi iHWux kKoMmnoHeHTiB THY. [lpuyomy, 6inbwa 4YacTka
(162 kBT-rog abo 35%) paHol AecTpyKUil cnpUYMHEHa HeLO0CKOHanicTio
nNpoMixHoro TennoobmiHHMka. 138 kBt-rog abo 30% paHoi YacTuHM pe-
CTPYKLUII eKceprii 3yMoBfieHa npouecaMy HeobOpoTHOCTI NMpu nepepadi
TENNOTM Yy KoHaeHcaTopi. 125 kBT-rog abo 27% paHoi 4YacTUHW OecTpyK-
il ekceprii 3ymoBfiieHa npouecamMu HeobopoTHOCTI Npy nepepadi Tensno-
TV Y BUNAPHUKY. AK BUOHO i3 pUC. 2 YaCTUHA 30BHILLHbO 3aN€XHOI i Ti€l,
AKY MOXXHa YHUKHYTUW, OEeCTPYKLUIl eKcepril y ApOCenbHOMY BEHTUAI, WO
3yMOBJIEHa KOMMpecopoM, € Big'eMHow (-5 kBT-roa). Lle o3Hauvae, wo us
YacTUHa OEeCTPYKLUIl eKceprii y ApoCeNnbHOMY BEHTUAI MoXe 6yTn 3MeH-
LWEeHa WNAaXoM 30iNblEHHA TepMOOMHAMIYHOI HEAOCKOHANOCTI Y KoMMpe-
copi. [lecTpyKuist eKcepril, WO MOXHa YHUKHYTH, | AKa 00yMoBNeHa CyMi-
CHOIO Ai€0 BCiX YOTUPbLOX eJieMeHTIB (MPOMIXKHOro TennoobMiHHUKA, BU-
napHWKa, KoHAeHcaTopa Ta Komnpecopa) pieHa 40 KBT-rog.

I3 puc. 2 BUAHO, WO Yy BMNAPHUKY MalXe BCS YacTUHA AECTPYKLUIl
ekcepril (277 kBt-rog a6o 90%), Ky MOXHa YHUKHYTW, 3aneXxuTb Bif
TepPMOAMHAMIYHOI JOCKOHANOCTI camMoro BunapHuka. Lo » cTtocyeTbes
30BHIlWWHbO 3aneXxHol [AecTPYKLUil ekcepril, To Haubinbwa 4acTKa,
37 kBT-rog, ane 3 BiA’éeMHUM 3HaKOM, 00yMOBJIEHA CYMICHMMM npoueca-
MW HeO0BOPOTHOCTI Y KOMNpPecopi, KOHAEHCATOPi Ta NPOMIXXHOMY Tens00-
OMiHHUKY. [1na 3MeHLWeHHS BiA EMHOI YaCTUHU OeCTPYKLUIl ekcepril y Bu-
NMapHMKY HeobXigHO Ha LI BeNNYMHY 30iNblUNTU OECTPYKLi eKceprii B
iHLUMX eneMeHTax.
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Puc. 2. Ce30HHI EgV’Z’year

TermooOMiHHIK

TIPOMIKHOTO KOHTYDY)| 2

il

CrpU4MHeHa TenooBMIHHMKOM
MPOMIMHOIO KOHTYPY

CripuyHeHa KoHAGHCATOPOM

CripuuvHeHa AeKinbKoMa enemeTamu
oprosacHo

3a onantBajsibHUI Nepios 3HAaUYEeHHS OeCTPYyKLii

eKcepril, o MOXHA YHUKHYTU 33 PaXyHOK yOOCKOHaneHHs k-ro enemeHta THY

TNy «BoA4a-BoAa» Ha CTIYHMX BOOAX

Tak caMo §IK i y KOHAOEeHCATopi Ta BUMAPHUKY ManXKe BCSA 4acTMHA
AecTpyKuii ekceprii (277 kBT-rog a6o 89%), AKy MOXXHa YHUKHYTH, 3ane-
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XXWUTb Bif, TEPMOOMHAMIYHOI LOCKOHANOCTi CaMOro NMPOMIXXHOro Tennaoo6-
MiHHUKA.

OTxXe, SIK BUOQHO i3 pUC. 2, Hanbinblwe 3Ha4YeHHS CYMapHOI AeCTPYK-
Lil ekcepril, Wo MoxxHa no36ytuca y THY 3a paxyHOK TepMOAMHAMIYHOIO
yOOCKOHaneHHs k-ro KOMMOHEeHTa, 30cepemykeHe Yy Tens006MiHHUKY

EA V.2, year

MPOMIXKHOrO KOHTYpY i piBHe Ep e =726 kBrroa (abo 65113bKo

40%). Ona BMNapHWKa Ta KOHAEHCATOPa Ui YacTMHM AecTpyKUil ekcepril
BUSIBUIINCA MEHLIMMMW HiXK Y TENIOOOMIHHMKY NMPOMIXKHOTO KOHTYPY i piBHi
BionosiaHo 531 kBt-rog ta 441 kBt-ron (abo BignosigHo 29 ta 24%). Onsa
KoMmnpecopa uUa 4acTMHA OEeCTPYKLUil eKcepril € 4oCUTb Manol i CTaHo-
BuUTb 148 KBT-roa (abo 8%). To6To y NPUNHATUX YMOBaX, CYTTEBOrO Tep-
MOAMHAMIYHOro yooCKoHaneHHs THY MoxkHa pocsartu 3a paxyHOK 3HU-
YXeHHA HeobopoTHOCTEN Npu Nepefadi TENJIOTU B NepLUy Yepry y npoMi-
XXHOMY TennoobMiHHMKY, Y BUNApHWKY Ta KOHAEHcaTopi — TO6TO 3HU-
JKEHHA TeMMNepaTypHOro Hamnopy y uux TennoobmiHHukax. Mpu ubomy,
NPOMIXKXHUN TEeNNOO0OMIHHUK Ma€ Binblli MOXIMBOCTI HiXX BUNApPHUK Ta
KOHAeHCcaTop. Y KoMnpecopi MOXIMBOCTI HE3HAYHI.

BucHoBKu. B po6oTi HaBefeHi pe3ynbTaTu nornnbneHoro ekcepre-
TMYHOro aHanisy THY 3 npoMiXKHUM Tennoo6MiHHUKOM yTunisauii eHeprii
CTiYHMX BOA, NPM3HAYEHOro ansa tennosabesneyeHHs OyAiBAi NPOTArom
OMnajtoBanNbHOro nepiofy i3 ypaxyBaHHAM CE30HHWUX KONMMBaAHb NoTpeb
eHepril Ta TeMnepaTypu HU3bKOMOTEHLIMHOIO AXepena.

Y komnpecopi 76% AecTpyKuil ekceprii, SKy MOXHa YHUKHYTH, 3a-
NeXuTb BiO TEPMOANHAMIYHOT AOCKOHANOCTi iHWMx eneMeHTiB. Bei 100%
AECTPYKUIT eKcepril, Wo MOXHa YHUKHYTU Y OpPOCENbHOMY BEHTUNI, 3a-
nexaTb Big Heo6opoTHOCTEN B iHWMNX eneMeHTiB. 90...97% pecTpyKuii ek-
ceprii, AKy MOXHa YHUKHYTU Y KOHAEHCATOPi, BUNAPHUKY Ta NPOMIXKHOMY
TennooOMiHHMKY 3anexaTb Bif TEPMOAMHAMIYHOT LOCKOHANOCTI LUMX XKe
eNeMeHTIB.

Hanbinblwe 3HaYeHHS Ce30HHOI AeCTPYKLUiT eKCepril, Lo MOXHa no-
36ytnucs y THY 3a paxyHOK TepMOAWHaMIYHOro yOOCKOHaneHHs k-ro
KOMMOHEHTa, 30CepenykeHe Yy Tenso00MiHHUKY MPOMIXKHOIM0 KOHTYpY i
CTaHOBUTb 611M3bKo 40%. BunapHuK Ta KOHAEHCATOP MakTh MEHLUI MOXX-
NUBOCTI, 3 TOUYKM 30PY 3HUXKEHHS pgecTpykuil ekceprii y THY (BignosigHo
29 Ta 24%). Y koMnpecopi TaKi MOXXIMBOCTi HE3HAYHI.

1. Tsatsaronis G., Morosuk T. Advanced exergy-based methods used to
understand and improve energy-conversion systems. The 4th International
Conference on Contemporary Problems of Thermal Engineering (CPOTE-2016).
Program and Proceedings, Gliwice — Katowice, Silesia, Poland, September, 14-

119



Cepist «TexHiuHi Haykun»
Bunyck 4(80) 2017 p.

16, 2016. Gliwice — Katowice, Silesia, 2016. — P. 75-89. 2. Morosuk T,
Tsatsaronis G. New approach to the exergy analysis of absorption refrigeration
machines. Energy. 2008. Vol. 33. P. 890-907. 3. Morosuk T., Tsatsaronis G.
Advanced exergetic evaluation of refrigeration machines using different
working fluids. Energy. 2009. Vol. 34. P. 2248-2258. 4. Morosuk T., Tsatsaronis
G. Advanced exergy analysis for chemically reacting systems-application to a
simple open gas-turbine system. Int J Thermodyn. 2009. Vol. 12. P. 105-111.
5. Erbay Z., Hepbasli A. Application of conventional and advanced exergy
analyses to evaluate the performance of a ground-source heat pump (GSHP)
dryer used in food drying. Energy Conversion and Management. 2014. Vol. 78. P.
499-507. 6. Xapnamnunpgm [0. X., Tapacosa B. A. CTpyKTypHbI TepMOaMHaMU4ye-
CKWI aHanM3 napoKoMMpecCopHON XONOAUSIbHOW MallWHbl. TexHu4yeckne rassi.
2012. N2 5. C. 57-66. 7. Voloshchuk V. A. Advanced exergetic analysis of a heat
pump providing space heating in built environment. Energetika. 2017. 63(3). P.
83-92. 8. A. Hepbasli, E. Biyik, 0. Ekren, H. Gunerhan, M. Araz. A key review of
wastewater source heatpump (WWSHP) systems. Energy Conversion and
Management. 2014. Vol. 88. P. 700-722. 9. T. B. Herbas, E. C. Berlinck, C. A. T.
Uriu, R. P. Marques, J. A. R. Parise. Steady-state simulation of vapor-
compression heat pump. International Journal of Energy Research. 1993. Vol.
17.P.801-816.

PeueH3eHT: O.7.H., npodecop Paberko 0. A. (HYBIM)

Voloshchuk V. A., Candidate of Engineering (Ph.D.), Associate
Professor (National University of Water and Environmental Engineering,
Rivne)

IDENTIFYING THE LOCATION, MAGNITUDE AND SOURCES OF
THERMODYNAMIC INEFFICIENCY IN A WASTEWATER SOURCE HEAT
PUMP BASED ON ADVANCED EXERGETIC ANALYSIS

In contrast to conventional exergy-based methods, advanced
exergetic analyses can evaluate exergy destructions due to
interactions among components of the energy-conversion system and
the real potential for improving system components. Application of
the advanced exergetic analysis to a wastewater source heat pump
with wastewater heat exchanger providing space heating in variable
operation modes is proposed in the work. In order to determine
thermodynamic parameters of the refrigeration vapor compresion
cycle a special simulation model was used. The so-called
thermodynamic-cycle-based approach was applied to split the exergy
destruction within each component of a heat pump into unavoidable,
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avoidable, endogenous and exogenous parts. It is shown that in the
investigated conditions, the biggest part (76%) of exergy destruction
in the compressor and all exergy destructions in throttling valve can
be avoided by reducing irreversibilities in the remaining components
of the system. 90...97% of exergy destructions, which can be avoided
in the condenser, evaporator and the wastewater heat exchanger, are
mainly caused by irreversibilities within these components. The
biggest part (40%) of avoidable exergy destruction in the heat pump is
due to thermodynamic inefficiencies (caused by temperature
differences) in the wastewater heat exchanger. The condenser and the
evaporator have fewer possibilities (respectively 29 and 24%) for
improving exergy efficiency of the system. The compressor has the
last priority for decreasing irreversibilities. Based on the applied
advanced exergetic analysis it is possible to receive more precise and
useful information for better understanding and improving the design
and operation of the analyzed energy-conversion system.

Keywords: advanced exergetic analysis, wastewater heat pump, space
heating.

Bonouwyk B. A., K.T.H., poueHT (HaunoHanbHbIN YHUBEPCUTET
BOOHOM0 X035MCTBA U NPUPOAONOSIb30BaHus, I. POBHO)

ONPEQENEHUE MECT, 3HAYEHUIX U NPUYUH
TEPMOAWHAMUYECKUX NOTEPb B TEMNJIOHACOCHOM
YCTAHOBKE HA CTO4YHbIX BOAAX HA OCHOBE
NMPUMEHEHUA METOL0J10MMN YT NYBJIEHHOIO
IKCEPTETUHECKOIO AHAJIN3A

B pa6oTe onpeaeneHbl MecTa, 3Ha4eHUA U NPUYUHDBI TEPMOAUHAMUYE-
CKMX NOoTepb B TENJIOHAaCOCHOM YCTAaHOBKE Ha CTOYHbIX BOAAX B COCTaBe
CUCTEMbI TenJIoCHab)KeHUs 34aHNA Ha OCHOBE NPUMEHeHUs MeToA010-
rum yrny6neHHoro skcepreTu4eckoro aHanumsa. CornacHo nony4eHHbIM
AAHHDbIM, C LeNb0 NOBbIWEeHUS 3HepreTudeckon 3appeKTUBHOCTU TAKOM
YCTaHOBKM, He06Xx0AMMO B NepByl0 o4epeab CHUXKaTb HeobpaTumMocTu B
NPOMEXXYTOYHOM Tens1006MeHHUKe NyTeM YMEeHbLUEeHUSA B HEM TeMne-
paTypHOro Hanopa.

KnrwueBble cnoBa: yrnybneHHbln 3KCepreTM4eCKUin aHanus, TenJioHaco-
CHasA YCTAHOBKA Ha CTOYHbIX BOAaX, TensioobecneyeHne 3gaHus.
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