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[HCTUTYT TexHiyHoi Tennodisuku HAH Ykpaiku, Kuig

CTBOPEHHS 'PYHTOBO-BO0-BOASAHNX TEM/I00EMIHHUKIB
AN TENJIOHACOCHUX TEXHOJIOTI TENJIONOCTAYAHHS
NMPUMILLEEHDb

lMpeacTaBneHo MeToauKy NPOEKTYBaHHSI Ta CTBOPEHHS AO0CiAHNX 3Pa3kKiB rpyHTOBO-BOAO-BOASHUX TEMI00OMIHHUKIB Y
creyiaslbHOMY BUKOHaHHI, L0 BXOASATb [0 CKAaAy TEeMN/I0HACOCHOI CUCTEMM TErI0NoCTa4YaHHsl YaCTUHU NPUMILLEHb af-
MIHICTPaTtuBHOIro Koprycy IHCTUTYTy TexHIYHOI Ternogisvnkmn HAH Ykpainu.

KnwoyoBi cnoBa: eHepro3bepexeHHs, HeTpaauLiiHa Ta anbTepHaTMBHa eHepris, Terna1000MiHHUK, HU3bKOMOTEHLiliHa

TensaoTa, Ternj0Bui HacocC.

AKTYAJIbHICTb MUTAHHSA

Hamra sepskaBa cyTTEBO 3aJ1€KUTH BiJl IMITOPTY
opraHiyHOTO nasuBa (iMIIOPT MOTO csirae Maiixke
60 % Bix 3arasbHOTO 06CATY CrosKUBaHHs ). Jloc-
BiJl KpaiH, sIKi He MalTh JIOCTATHIX 3aI1aciB BJac-
HUX OPraHIYHUX TAJTUBHO-€HEPTeTUYHUX PECYP-
CiB, CBI{YNTb, 1110 HANOLIBII eHEKTUBHUMMU IILIsI-
XaMu 3a0e31edeHHs] eHepreTHYHOl He3a/1esKHOCTI
€ PO3BUTOK $I/IEPHOI €HEPTETUKH, TiJIPOEHEePreTh-
KW Ta BUKOPUCTaHHS BiTHOBJIIOBATBHUX 1 aJTbTep-
HATUBHUX JIKEPeJs eHeprii.

3acaau ep;KaBHOI TIOJIITUKU YKPaiHU 3 eHep-
ro3bepesKeHHsT BU3HAYEH] B JIePKaBHIl I11bOBIi
€KOHOMIUHi# mporpami eHeproeeKTUBHOCTI Ha
2010—2015 pp., 3aTBepkeniii [Toctanosoio Ka-
6inery Minicrpis Yrpainu Ne 243 Bix 01.03.2010 p.
OmnuM 3 OCHOBHUX 3aBflaHb I[i€i TIPOTpaMu €
OIITUMI3allisl CTPYKTYPH €HEPreTHYHOro GaaaHcy
Jep:KaBy, 30KpeMa 3aMillleHHsT TPAAUIiHHIX BU-
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JIiB MMaJIMBa iHIMUMW BUJAMU, HacamIepe/, OTpU-
MaHUMU 3 BiJTHOBJIOBAHUX Ta aJIbTePHATHBHUX
JiKepeJi eHeprii.

B IncrutyTi texuiunoi remnodizuku (ITTD)
HAKOIMYEHO 3HAYHUH JIOCBIJl BUKOHAHHSA HAYKO-
BUX 1 TEXHOJIOTIYHUX JIOCTI/IKEHB MIOJI0 MOJIEPHI-
3aIlii KOMyHaJIbHOI TeTtoenepretuku |1—3], mpo-
BeJIEHHST HAYKOBO-/IOCJI/IHUX Ta iHKEHEPHUX PO-
6iT 3 PO3POOKU i CTBOPEHHST Cy4aCHUX CUCTEM
TeTJIONOCTAaYaHHS Ha OCHOBI TETJIOBUX HACOCIB
PI3HUX TUTIB 3 BUKOPUCTAHHIM HU3bKOTIOTEHITIl-
HUX BiTHOBJIIOBAIBHUX JiKepen eHeprii. [Tposejie-
HO IIMKJI POOIT MO0 LIJIOPIYHOTO BUKOPUCTAHHS
COHSIYHOI eHeprii i eHeprii BTOpUHHUX ab0 CKUJI-
HUX JKepes TeIioTh. Po3pobIieHi: @) MeTo CTBO-
PEHHS Ce30HHOTO BUCOKOMOTEHIIITHOTO aKyMYyJIs-
TOPA TETJIOTH B IPUPOJHOMY IPYHTOBOMY MacH-
Bi; 6) oNTUMaJIbHA KOHCTPYKIIist 6araToTpyOHOTO
TeIJI0O0OMIHHMKA /I aKyMyJaioBaHHs (Ta Ha-
CTYITHOTO BUJIYYEHHST) TEIJIOTH 3 TPYHTY [4—9].
B ITT® HAH VYxpainu cTBopeHuii HayKOBO-
TEXHIYHU 1IEHTP TETLIIOHACOCHUX TeXHOJIOTII, AKU,
30KpeMa, OCHAIEeHUT:
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1) 1BOMa TEIIOHACOCHUMM yCTAaHOBKaMU TUITY
«rpynm—eo0da» «Greenline» Plus C Bupo6HwuIIT-
Ba IVT (IlIBertist) muig BusrydeHHst TPUPOJIHOIL Te-
IJIOTH TPYHTY 3a JIOTIOMOTOI0 HaraTtoreTelbHOTO
FOPU3OHTAJIBHOTO TPYHTOBOTO TEILIOOOMiHHUKA
HerJInOOKOTO 3aJISITAHHST Ta BUJTYYeHHS 3aKyMY-
JIbOBAHOI TETJIOTHU 32 IOTIOMOTOT0 cucTemu 3 11-u
CBEP/JIOBUH TJIMOWHOIO 10 25 M KOXKHA,

2) OIHIEIO TEMJIOHACOCHOI0 YCTAHOBKOIO THUITY
«nogimps—eoda» Bupobuuirrea IVT i cucremoro
cepeHbOTEMIIEPATYPHOTO ONaJIEHHS YaCTUHY TPH-
Mitenb aaminicrparusroro kopiycy [TTO HAHY
(Ha 11 OCHOBI TTPOBEJIEHO MOJIEPHI3AIlI0 CUCTEMU
TEIJIONOCTaYaHH aZMiHICTPaTHBHOI OY/IiBIi KOp-
mycy i3 po3poOKO0 OpUTiHAIBHOI TEIJIoriapaB-
JIIYHOI CXeMU 3 aBTOHOMHUM BUKOPUCTAHHSM Te-
IIJIOBOTO HAcoca THITY «nogimpsi—eoda» «Optima
17005 [4]);

3) ABOMA TETLIOHACOCHUMHU YCTAaHOBKAMU TUITY
«800a—e600a» BITYN3HSHOTO BUPOOHUIITBA 3 BH-
KOPHUCTaHHAM 3aKOPJIOHHUX KOMILIEKTYIOUNX, 30K-
peMa mapoBUX KOMITPECOPiB;

4) OnHi€0 NOCHIHATIBKOI TETIJIOHACOCHO
CILTIT-CUCTEMOTIO TUITY «N08IMP—NOo8Impsi>.

META JOCNIAKEHHS

TosioBHA MeTa HAYKOBO-TEXHIYHOTO TTPOEKTY —
PO3pOOKa KOHCTPYKITIT Ta BUTOTOBJIEHHST TOCIi/I-
HUX 3PasKiB IPYHTOBO-BOAO-BOASHUX TEILJIO06-
MIHHUKIB y CIIeI[iaJiIbHOMY BUKOHAHHI (717151 BOJIO-
3a0ipHOI CBEPAIOBUHU, BOZ03a0IPHOIO KOJIOAS3S,
6eTOHO3a/IMBHOI TTaJli OyAiBeIbHUX (yHIAMEH-
TiB). Taki Temr00OMiHHI IIPUCTPOI HAZAIOTH MOJK-
JIMBOCTI BUKOPUCTOBYBATU aJbTePHATUBHI JIKe-
peJia eHeprii, a caMe Bi/[HOBJIIOBAJIbHY IIPUPOIHY
TEIJIOTY I'PYHTY 1 BOJIOHOCHUX FOPU3OHTIB, aKy-
MYJIIOBAaTH CE30HHY TENJIOTY 1HCOJISAIII, a TaKOX
CKUJIHY TeIJIOTY KOTeHepalliiHUX yCTaHOBOK i
BTOPUHHUX TENJIOBUX ITPOMUCIOBUX BUKHU/IIB.

Y mporteci poboTr 6yI0 TPOBEIEHO MPOEKTY-
BaHHS, CTBOPEHHS Ta BIPOBA/KEHHS PI3HUX KOH-
CTPYKIIiil IPYHTOBUX Ta BOASHUX TEMJIOOOMIHHH-
KiB y CIelialbHOMy BUKOHaHHI. P03pobeHo Ho-
BiTHI TeXHOJIOTIUHI pillleHHS 1[O/I0 3aCTOCYBaHHHI
mx TerurooOminaukiB. Koakciaabauii ctaabunit

TEIIOOOMIHHUK i3 BHYTPINTHBOIO MJIACTHKOBOIO
Tpy6OIO J03BOJISIE BUJIYYaTH BiIHOBJIIOBAHY Tell-
JIOTY TPYHTY 32 JIOTIOMOTOIO ITPOMIZKHOTO TeIJI0-
HOCIisI HA OCHOBI PO3YMHY TOJITTPONUIIEHTIIIKOJTIO.
Po3pobiieHo Ta po3MileHo y Boo3abipHiii cBep/-
JIOBUHI TPyOUaTHil TAsTHUI TETIOOOMIHHUK JIJIsT
BWJIyYEHHSI TeIJIOTU TPYHTOBOI Boau. [1o BHYTpinI-
HbOMY [IEpPUMETPY K0JI0/14351 BcTaHoBJieHi U-110-
HiOHI BepTUKaIbHI TETIIOOOMIHHUKH 3 IIJIACTUKO-
BUX Tpy6. Bonu npusHaveni 3ailicHIOBaTH TEILIO-
0OMiH 3 TIPOMIKHUM TEIJIOHOCIEM TEILJIOBOTO Ha-
coca, He MePenIKo/Kaun BIIbHOMY BO103a00DY.
Y 3B’s13Ky 31 CTPIMKUM PO3BUTKOM OYIiBHUITBA
CTIOPY/l BUCOKOI €HepreTUIHO1 e(heKTUBHOCTI TIPO-
MOHYETHCST CXeMa PO3MIIIEHHSI CTATIEBUX abo T1ac-
TUKOBHUX TEIIOOOMIHHUKIB ycepe/nHi OeTOHO3aMB-
HUX T1aJ1b, PO3TAIIOBAHMX T1i/1 Oy/1iBJIet0. BHyTpitHe
posrarityBatHs TPyO y nasti repeadadyae BAKOHAHHS
JEeKLIbKOX (DYHKILI, a came 3iiICHEHHS TEILI000-
MiHY Y CUCTEMI <«IPYHMOBUL MACUE—OemOn—Cmin-
Ka mpyou—npomiNcHull menioHOCH> Ta apMyBaHHST
naJib /ISl MiABUIIEHHS 1X CTIIKOCTI Ta MiI[HOCTI.
[Tpu 11hOMY MOZKITMBE SIK TT/IBUTIIEHHS e(peKTUBHOC-
Ti TErIo0OMiHY, TaK i aKyMyJIIOBaHHS CE€30HHOI
CKHUIHOI TerioTH OYiBJIi 32 PaXyHOK IPYINOBOTO
PO3MillleHHsI 11aJib. B eKcriepuMeHTaIbHIl yCTaHOB-
11l BUJIy4eHU TeMIlepaTypHUil MOTeHIia TerioTh
iIHIMAETHCS 32 JIOTTOMOTOI) TETIIIOBOTO MAPOKOMIT-
peciitHOTO Hacoca Ta BUKOPUCTOBYETHCS JIJIS TeTl-
sonioctayanss mpumitens [TTO [10—11].

BWUYYEHHS BIGHOBJIIOBAJIbHOI TEMJIOTU
3 BOA,03ABIPHOI CBEP/TOBMHU
TA KONOAS3HOI BOAU

Tpaaumiitaum crmoco6oM BUIOOYBAHHS BOIN
JIUISE TOCTIOIapPU KX TTOTPed € BUKOPUCTAHHS BOJH 3
BO/103abipHOI cBeptoBuHu. [IJs 6iabin paiio-
HAJILHOTO BUI00YBaHHS BOIU 3aCTOCOBYIOTH CIIO-
¢i6 BUJIyYeHHSI TEIIOTH 3 BO103a0ipHOI cBEpIO-
BUHU. B OCHOBY 11bOTO €IIOCOOY TOKJIajieHa ijiest
HOEAHAHHA BUAOOYBaHHS BOAM /s BOZOIIOCTA-
YaHHST Ta BUJIYYEHHS 3aKyMYJIbOBAaHHOI TEMJIOTH
BO/IY JIJIST TETLJIOBOTO HACOCA B CUCTEMI TETLJIONOC-
TavyaHHst 3 ofHi€el cepaioBunn [12]. B o6’em Bou
o6caiHol TpyOu BO03abipHOT CBEP/IOBUHU OK-
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piM 3arsmbJIeHOT TIOMITH 3 BOAOHAII pHUM TPyOO-
[IPOBOJIOM BCTaHOBJIOETHCS TEIIOOOMIHHUK, IO
SAKOMY TIPOKAYyETHCSA TTPOMINKHUN TEIJIOHOCIH,
1110 BiJIOMPAE TEILJIOTY BOJM Ta HAJXOAUTD /10 BU-
MTapHUKa TEMJIOBOTO HACOCA, JIe OXOJIO/KYETHCS,
BI/IJIAIOY M TETIJIOTY XOJIOJI0ATEHTY, 1 3HOBY MOBEP-
TAETHCS JI0 TEII00OMIHHIKA CBepTOBUHU. Kpim
TOTO, JIOIATKOBO BUJIYYAEThCS JUCUTIATUBHA Te-
IJI0TA HarpiBaHHS 3arJMOHOI TIOMIIH, IO Mepio-
JIMYHO BUKAYY€E BOJY /ISl TIOTPed BOAOIOCTAYAH-
HsT TIpH i1 poOOTI Bil 30BHIIIIHBOTO JIKEPETIA eHep-
rii. IIpu boMy TEIJIOHOCI IUPKYJIIOE B 3aMKHE-
HOMY KOHTYPi. Takuii crocib Hajga€e MOKJIUBOCTI
He JiiIIe BUnoOyBaTu BOLY 3 BOL03abipHOI cCBep-
JIOBUHMU, ajie 1 BAKOPUCTOBYBATH BiJTHOBIIOBAJIb-
HY TEIJIOTY TI€l BOAU SIK /UKEPEo TeTJIOTH I
TEIJIOBOTO HACOCA B CUCTEMI TETJIOTIOCTAYaHHS
Ta KOHAMIIIOBaHHS npuMiierb. OOpaHuil mixis
He I0Tpebye T0JaTKOBUX BUTPAT Ha OypoBi pobo-
TH Ta JIOJIATKOBUX TLJIOII JI/IST PO3MITIEHHS TETLI0-
oOMiHHUKa. BukauyBaHHS BOJH, 9aCTKOBO OXO-
JIOJIZKEHOI TEIJIOOOMIHHIKOM, /ISt HOTPed BOJIO-
MOCTaYaHHS OJHOYACHO CIIPUSIE HAIXOKEHHIO
BeepeanHy o6cagHol TPYOU HOBUX 06’ €MiB OijIbIII
TEIJIOl IPYHTOBOI BOJM BHACJIIZIOK MPUCKOPEHOI
dimpTpaliii y BOZOHOCHOMY TIJIACTI.

Biz6ip Termrorn rpyHTOBOI BOAM TPyOUYATHM
MasTHUM TETLIO0OMIHHUKOM, PO3MIIIIEHUM Y BOJIO-
3abipHiil CBEP/VIOBIHI, peasli3yEThCsT TAKUM YHHOM.
Bceepemuni obcaaHoi TpyOu Bom03abipHOI CcBEp/I-
JIOBUHY PO3MIIILYETHCST BOJOHAII PHUI TPYOOITPO-
Bijl 3 3arJM6GJIEHOI0 TIOMIIOIO JIJIsi BUIOOYBaHHS
BOJU. Y BOJY 3aHYPIOETHCS TEILIIOOOMIHHUK, 10
SIKOMY IIPOKAUYY€ETHCS TEIJIOHOCIH. 3a paXyHOK
TerI000MiIHY MiK BOJOT0, 1[0 3HAXOIUTHCS Y
CBEPJIOBHUHI, Ta TEIIJIOHOCIEM, OCTaHHIil BiAOM-
pa€ 3aKyMYJTbOBAHY TEIJIOTY BOJM Ta HAJXOIUTh
710 BUTIAPHUKA TETIJIOBOTO HACOCA CUCTEMU TeTLIO-
noctadanusg npumitniedb. OX0JI0KeHNH y BU-
MMAPHUKY TENJOHOCI 3HOBY TIOBEPTAETHCS JI0 Te-
mroobMinHUKa y cBepyioButi. [Ipu pobori 3a-
rIMOHOI TOMITH BiJ| 30BHIIIHBOTO JIKepeJia eHep-
il /10 TEMJIOTU IOIA€THCS AUCUTIAIIIIHA TeTIoTa
HarpiBaHHs, sika cKJagae mpubausto 10 % Bix 3a-
TaJIbHOI TEeTJIOTH, 110 BUJIy4aeThes [12].
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Busyyennsa TemsiotTu Boau i3 3BUYAHOTO KO-
JIOA351 3MIMCHIOETHCA IILJIAXOM BCTaHOBJICHHS
TpyOHOI TErI00OMIHHOI CHCTEMH, O SKIill IUp-
KYJIIO€ TEIJIOHOCIH, 110 Bibupae TenaoTy KoJo-
JII3HOT BOJIH, Tepesia€ 1 10 KOHTYPY BUMApHUKA
TEIJIOBOIO HACOCA, OXOJIO/IKYETHCS 1 3HOBY I10-
BEPTAETHCS JI0 TEIII00OMIHHOI crcTemu. [Tpu 11b0-
My TeII000MiHHa crcTeMa He 00MeKy€e poboTy BO-
703a0iPHOTO YCTAaTKyBaHHS CHCTEMU BOJOTIOCTA-
yaHs1. TAKUM YUHOM, BAAETHCsT 3a6e3MEUnTH OTHO-
YACHO BUJIYYEeHHSI TETIOTU KOJIOAS3HOI BOJH [IJIST
edekTHBHOI i cTabiIbHOT POOOTH TEMIOBOrO HACOCA
B CHCTEM] TEIIONOCTaYaHHs1, KOHANUIIIOBAaHHS TIPU-
MiII[eHb B JITHII Ce30H, a TaKOK BiAOIp Boan (TmT-
HOI Ta TeXHIYHO1 ) 151 o6y ToBUX TIOTpeb [ 13].

BWYYEHHS BIGHOBJIIOBAHOI TEMIOTU FPYHTY
3A IONOMOro0 BETOHO3SAJIMBHUX NAJTb

BeronozamiBHi naii i3 TemIo06MiHHUKAMU MO-
KyTh OyTH BUKOPHCTaHI IpU Oy IiBHUITBI HOBUX
eHeproeheKkTuBHUX OyiBeb a0 P TepMOpe-
HoBallil icHytounx. HoBiTHI TeXHOJIOTIYH] pillleH-
HST [[O/I0 3ACTOCYBAHHS TaKUX TEMJIOOOMIHHUKIB
nepedavaoTh BUIYYEHHs! BiZIHOBIIOBAILHOI TPH-
POJIHOI TEIIOTH IPYHTOBOTO MacuBy Ta (abo) BO-
JIOHOCHOTO TOPU30HTY, aKyMYJIIOBAaHHS TEILJIOTH
CKUJTHUX KOTeHepalliiHnX yCTaHOBOK (peasisy-
€TbCS TEXHOJIOTIUYHUN JAHIIIOT <«KO2eHepauitina
YCManoeka — rpyHmoBULL GKyMyasimop meniomu —
cucmema BULYYeHHsT Ma Nepemeopents. Ha 06asi
menji08020 HACOCA» ), TETJIOTU IHCOJIATII 3a JI0TIO-
MOTOI0 COHSTYHUX TETJIOBUX KOJIEKTOPIB.

[mbrHa CBEPAIOBUHM TIi/l AJIO MOKE CKJIajia-
1 8—15 M, ii giamerp 250—1000 mm. Sk Terioo6-
MIHHUKH MOKHA BUKOPUCTOBYBATH TOJIIMEPHI Ta/
abo MerasieBi (KOMITO3UTHI) Garatonapsi TpyOHi
cucreMu giaMmeTpoM 25—40 MM i3 pi3HOIO TOBIIH-
HOTO CTiHKHU. CBEPIJIOBUHA 3AJUBAETHCS PiIKIM
Oy/IiBEIbHUX PO3YMHOM i3 JOMIIIKAMH, 1[0 [Tepelii-
KOJIKAIOTh 00'€MHII ycaIiti IPU 3aCTUTaHHI MaJTi.

TemmnepaTypHuil TOTEHITIAM TEIJIOTH, IO BU-
JIYYA€ETHCA 3a JIOIIOMOI0I0 BUIIE3Ta/laHuX TeIlio-
OOMIHHUKIB, Tepes0avyaeThCcs MiABUIYBATH 3a
JIOTIOMOTOIO TEIJIOBOTO TTaPOKOMIIPECiifHOro Ha-
coca Ta BUKOPUCTOBYBATH JIJIsI TEIIJIOTIOCTAYAHHS
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npuMitiensb iHcTUTyTy. [lepeBarn 3ampornoHoBa-

HOTO TEXHIYHOTO PillleHHS TaKi:

+ OJIHOYACHE BUKOPHUCTAHHS OETOHOHAIMBHIX T1aJIb
SK KOHCTPYKITIHHUX €JIEMEHTIB CIIOPY/IH, TaK i
TEXHOJIONTYHUX TEITIO0OMIHHUX TIPUCTPOIB /ISt
BUJTYYEHHS TIPUPOJIHOT TETJIOTH TPYHTY;

+ €KOHOMHE BUKOPUCTAHHS TIJIOTI 3eMeJIbHOT JTi-
JISHKHM 11171 3a0yI0BY B yMOBaX cydacHol ypOa-
Hi3allii MiCT i3 IOTPUMAHHSIM YCiX €KOJIOTTUHUX
HOPM JIJISI TI/IBUTIIEHHS CTYTIeHS aBTOHOMHOCTI
TEIJIOTIOCTaYaHHs KATJIOBUX Ta ajMiHicTpa-
TUBHUX 0araToroBepXOBUX OYIMHKIB, BUPOO-
HUYUX TIPUMIIIEHD Ta CIIOPY/] TTPOMUCIOBOCTI;

+ TIABUIIEHHS MIITHOCTI Ta CTIMKOCTI CTBOPEHOI
KOMITO3UTHOI KOHCTPYKIIil 32 paxXyHOK BUKO-
PUICTaHHS apMyBaHHSI TETJIOOOMIHHUKAMU.

ETANW PEANISALYT MPOEKTY

PoboTi 1110/10 BUKOHAHHS 3aBJaHb IPOEKTY
BUKOHYBAJIMCS TIOETAITHO:

1) pospaxyHOK eleMeHTIiB, PO3POOKa KOHCTPYK-
11ii 1 HOPMATUBHO-TEXHIYHOI JIOKyMEHTallii, a Ta-
KOK MOHT@K TPYHTOBO-BOJIO-BOASTHUX TETLI000-
MiHHMKIB CIeIiaJlbHOTO IPU3HAYEHHST HAa TEPUTOPIi
ITT® HAH ¥Yxkpainu 1o ByJ1. BysiaxoBcbkoro, 2;

2) migbip CymyTHHOTO YCTaTKyBaHHS, KOHTPO-
JIbHO-BUMIPIOBAJIbHUX TIPUJIAJIIB Ta X MOHTAXK Y
CKJIa/ll CUCTEMHU TETIONOCTAYaHHSI YaCTUHU MTPHU-
MillleHb aJIMiHICTPATUBHOTO KOPIIYCY IHCTUTYTY;

3) IpOBe/IeHHSI KOMIJIEKCHUX eKCIIepuMeHTa-
JIBHUX BUTIPOOYBaHb YCTAHOBKH, BiITPAITIOBAHHSI
ONITUMAJIbHUX PEKMMIB Ta BUla4ya PEKOMeH/Iallii
I0/10 eKCITyaTallii;

4) po3pobKa peKOMEeHALiil /IS T0JaIbIIOTO
BIIPOBA/I’)KEHHST i CTBOPEHHST aBTOHOMHUX TETLI0-
HACOCHUX CUCTEM TEIJIONOCTaYaHHs /1J1s1 KOMYHa-
JIBHOI TeIJIOEHePreTUKU, TeIJIONOCTaYaHHs JKUT-
JIOBUX OyAMHKIB, OyAiBesb COIiaIbHO-aAMIiHICT-
PATUBHOTO MPH3HAYEHHS Ta IPOMUCIOBHX 00 €KTIB.

EKCNEPUMEHTAJIbHA CUCTEMA TEMJIOMOCTAYAHHSA
3 BUKOPUCTAHHAM TEMJIOTU BOAU
3 BOJ1I03ABIPHOI CBEPAJIOBUHM

[IpunnmnoBa cxeMa TeXHIYHOTO PillIEHHS IIOI0
BUKOPHUCTAHHSI BOJ03a0ipHOI CBEPAJIOBUHU /IS

BUJIYYEHHSI TEIJIOTU ITPYHTOBOI BOJM HaBe/eHa
Ha puc. 1.

Ha repuropii ITT® HAH Ykpainu y pamkax
BUKOHAHHSI TIPOEKTY MPOOypeHa CBEP/IOBUHA 3
104aTKoBOIO rrbuHo 40,0 M 1 giamerpom 0,32 M
(puc. 2). Jlebet Boau, sIKy MOKHA BUKOPUCTOBY-
BaTH SIK TeXHIUHY a00 IIUTHY, CKJIaJa€ IPUOIU3HO
1,8 M3/rox. ¥ crosii Boau rimbuHo oHax 37,3 M
PO3TaIIoBaHi HaIlliPHUI HACOC 3arINOJIEHOTO TH-
1y i3 Bozo3abipHuM (igIbTpoM rpyboro oumIneH-
H4 13 3aI1iPHO-PETYII0I0Y0I0 aPMATYPOIO Ta KOHT-
POJIbHO-BUMIPIOBAJIbHUMU TIPUJIaZiaMu (HacocHa
craniis «Saer» FP 98/8/15). Boxa 3i cBepio-
BUHY (DiIBTPYETHCS 6GapOOTAKHUM CerapaTopoM
OpyiLy i OBITPst «Spirovents.

Po6oTa TemmoHacocHOl yCTaHOBKY 3 BOO-BO-
JISTHUM TEILJIO0OMIHHUKOM Y CIIeI[ialbHOMY BHKO-
HaHHi Tlepesbayae MOHTYBAHHS OCTAHHBOTO Y BO-
103a0ipHiii cBepa1oBKHI. BiH BUKOHAHMIA 3 11011
etuseroBoi Tpy6u 3a JJCTY B.B.2.7-157:2008
miameTpoM 20 x 2,0 MM, 3aKpimIeHol Ha 3arau6-
HOMY Hacoci siameTpoM 80 MM i 10BKUHOTO 3,0 M.
Ter000MiHHUK CKJIAAETHCST 3 YOTUPHOX METENTh
noBxuaoo 38,0 M, dKi 3aKpiTyIeHi MeTaJeBUMU
Kizpigamu giamerpom 146 mm. Teronociin (-
rOTOBJIEHA TEXHIUYHA BO/IA) PYXAETHCS MO KOHTY-
py TPYHTOBOTO TEIIOOOMIHHHKA 3a OMOMOTOIO
nupkyasiiiinoro Hacoca [[H2 «Wilo Star»> RS
25/10 i3 3amanoio Butparoro. B cucremi Terio-
[OCTaYyaHHSI BUKOPUCTOBYETHCS BITUU3HAHUI Te-
miosuit Hacoc TH «VDE» TH-6 3rigno 3 TY ¥V
29.1-35182513-001:2008 (puc. 3) i3 TexHiYHUME
XapaKTepUCTUKAMU, HaBeJleHuMu y Ta0r. 1.

OnanoBaJibHUI KOHTYP CKJIQ/IA€ThCS 3 TPHOX
paziaropis «Stelrad Novello» 33-600-1100 3 mizBu-
IEHOTO TIIOMIEI0 TETI000MiHY, PO3TAIIOBAHUX Y
sabopatopHoMmy TpuMitierni. Hominaibha pos-
PaxyHKOBa TETIOBA MOTYKHICTh KOKHOTO CKJIA/IA€
6/m3bK0 3,4 kKBT. Ipyna pazgiatopis ocHaieHa Tep-
MOPETYJIIOI0UO0I0 Ta TIOBITPSIBUITYCKHOIO apMary-
poto. KoHTyp omnajieHHs1 BAKOHAHUT 3 TTOJIITPOITijie-
HOBUX TPYO giaMeTpoM 25 X 4,2 MM 13 TEII0i301s1-
nieto «Dermaflex» tosmmnoro 6 mm. /{11 KOMIICH-
callii 06’eMHOr0 pO3IINPEHHS TEIJIOHOCIS ITPY 3MiHi
iioro Temrieparypu (IiJIrOTOBJIEHA TEXHIYHA BOJIA)
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Paniatopun onanenns

£ 5

Jlpenax

A

>

Cucrema
BOJIOTIPOBO/LY

T .
| Bogosza6ipna
|

| CBEPAJIOBHUHA

rinbuna 38,3 M

BOJIM 3 BO03a0ipHOI CBEPAIOBUHI

Puc. 1. Cxema cucTeMu TEIJIONOCTAYaHHS 3 BUKOPUCTAHHSM TEIJIOTH TPYHTOBOI

Tabruys 1
Texuiuni xapakrepuctuku Temwioporo Hacoca TH «VDE» TH-6
ITapamerp 3HaueHHSA
TernsioBa HOTY>KHICTD (TIPH TEMITEPATypax, BixnosizHo, 1oBkiwa 0 °C i Temnonocis 6,3
35°C), kBt
Enextpruna MOTYXHICTh CIIO’KUBaHHS, KBT 1,6
OG6’emHa BUTpaTa BOJAM Y KOHTYPI JKepesia TeIoTu, M>/roj 1,36
O6’emna BUTpaTa BOJAM y KOHTYPi CHCTEMU ONajeH s, M%/To]| 1,08
MaxkcumasnbHa Temiiepatypa Terniaonocis, °C 50
Maca xonomoarenta R22, xr 2,3
Enexrpwune xxusnennd (3 dasu), B 380
TabapuTHi pO3MipH, MM 605 x 600 x 1070
Maca (1erTo), KT 123
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Puc. 3. Tennosuii nacoc TH «VDE» TH-6

nepenbayeno memopannuii 6ax b Reflex 06’emom
25 n1. LMpKyJIsIiiiio y crcTeMi onasieHHs 3/1iHCHIOE
nacoc I[H71 Wilo Star RS 15/6. PeanizoBano aBro-
MaTU4yHe BUKJIIOYEHHsI TEIlJIOHACOCHOI YCTAHOBKH
3a noroMoroio atunkiB SDF-3 Tucky y pasi pos-
repMeTu3allii KOHTypy Ta BTpaTi Haropy.

OO6uaBa KOHTYpHM OcHamieHi tersomipamu T
«Apators LOQM—II1—K i3 nudposum BuBeeH-
HSM Ta aHAJI30M JJAHUX HA KOMITIOTEPI /IS BU-

72

3HAYeHHS KiJIbKOCTI TEeIJIOTH, 1[0 BUJIy4YeHa 3
IPYHTOBOI BOJIM 32 IOTIOMOTOIO TETIJIOBOTO HACO-
€a, 1 KiJTbKOCTI TEIJIOTH, 10 T0/IaHa Yy CUCTEMY
omajieHHs1 BiAMoBifHO. B 000X KOHTypax BcTa-
HOBJICHI TaKOK BUMTYCKHUKU JIJIsT BUIAJICHHS T10-
BITpPsI IIPM 3allOBHEHHI cucremu i ii pobori. st
MIPOBe/IeHHS HAYKOBUX JIOCJI/KEHb e(heKTUBHOC-
Ti po6OTH TEIIIOBOTO HACOCA TEMITEPATypa TETLIO-
HOCISI y IPSIMOMY Ta 3BOPOTHOMY TPyOOIIPOBOIAX
000X KOHTYPiB BUMIPIOETHCS TEPMOIEPETBOPIO-
Bauamu tuny TCII-002K i peectpyeTbes BTO-
PUHHUMW KOHTPOJBHIUMU TTPUJIATAMI.

CxeMma TiIKTI0YeHHsI TTepe1hayae MOKIUBICTD
MAaCUBHOTO KOH/IMIIOHYBAHHS TIOBITPsI B IIPUMi-
IIEHHI TPU OCHAIIEHHI PaliaTOPiB TepMeTUYHU-
MU MiJJIOHAMU 13 3JIUBaHHSAM KOHJIEHCATY, 110
YTBOPIOETHCS 3aB/ISIKA KOHJIEHCAIil BOJIOTH Ha
MOBEPXHI TEIJI00OMIHHUKIB.

EKCNEPUMEHTAJIbHA CUCTEMA TEMJIOMOCTAYAHHA
3 BUKOPUCTAHHEIM TENJIOTU KONIOAS3HOI BOAU

[IpunIuosa cxemMa TeXHIYHOTO PillIeHHS OO
BUKOPHUCTaHHST BOZ03a0ipHOTO KOJIOISI3ST /TSI BU-
JIy4eHHS TETJIOTH TPYHTOBOI BOJIU TTPe/ICTaBIeHa
Ha puc. 4.

Ha tepuropii ITT® HAH Yxpainu obarito-
BaHO BOJTHUI KOJIO/1s13b TinOuHO0 17,6 M (puc. 5).
Crinka KOJIOAsA3s1 CKyajieHa 3 OETOHHUX KiJellb
miamerpom 960 x 80 MM (puc. 6). leber Boau, AKy
MOKHA BUKOPHCTOBYBATH SIK TEXHIUHY abO TIHT-
Hy, ckaagae 6ausbko 0,5 M3/rom. Y crosmi Boam
BucoToio monaza 0,5 M BiJ HAa PO3TANIOBAHO Ha-
HipHUI Hacoc 3aranbJIeHOTo THITY i3 BO03a0ip-
HUM (iIBTPOM TpyOOTO OUYHUINEHHS i3 3aIipHO-
PETYJII0I0UO0I0 apMaTypoI0 Ta KOHTPOJIHHO-BUMI-
PIOBAJIbHUMM TTPUJIaIaMu (HACOCHA CTAHIIIS Saer
FP 98/8/15). Boma 3 kosons3st (iibrpy€eThest
6apOOTaKHUM CerrapaTopoM OpyLy.

Ha cxemax puc. 1 i 4: TH — TensoBuii Hacoc; b —
6ax memOpannuit; [[H1, [[H2 — BiamoBiaHoO, up-
KYJISIIMHI Hacocu KOHTYPIB OIaJeHHsI 1 BUJLY-
yeHHd Tennoty; T — termnomipu; I'BII — rapsde
BOJIONTOCTAYaHHS.

Po6ora TerioHacocHOi yCTaHOBKY 3i CIiipasib-
HUM BO/IO-BOJISTHUM TETJIOOOMIHHIKOM CIIeIliaib-
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Puc. 4. Cucrema TeionocTaqants 3 BUKOPUCTAHHAM TETIJIOTH KOJIOI[HSHOi BOJN

HOTO BUKOHAHHSI TIepe1bauae MOHTYBAHHSI OCTaH-
HBOTO HA BHYTPINTHIN CTIHII KOJOS3d Y CTOBII
Boau. Bin BUKOHaHMII 3 TI0JIieTUIIEHOBOI TPYOM 3a
JICTY B.B.2.7-157:2008 niameTpom 25 x 3,2 MM,
10 3aKpilJieHa Pa3oM i3 JaTYMKaMU TeMIlepary-
pu tuiry TCM-208 i3 BepTUKaJIbHUM PO3paxyH-
koBUM KpokoMm 0,07 M. Termonociit (tiarorosJie-
Ha TeXHIUYHA BOJIA) PYXA€ETHCS 110 KOHTYPY TPYH-
TOBOTO TEIIOOOMIHHKMKA 32 J[OMOMOTOIO IUPKY-
nsuniinoro nacoca I[H2 «Wilo Star» RS 25/10 i3
3a/IaHOI0 BUTPATOI0. Y CHUCTEMi TEIJIONOCTavyaH-
H$1 BAKOPUCTOBYETHCS TENIOBUI Hacoc. TexHiuHi
XapakTepucTuku TerioBoro Hacoca EES24 dip-
MU «€EBpoeHeprocepsic» HaBeeHi y Ta0I. 2.

OnamoBanbamii KOH?YP FKﬂaﬂaETbCﬂ 3_ HOTU= | pye, 5. Posramysanust konoasss na repuropii ITT® HAH
ppox iBoKoHTYpHUX pasiatopiB «Corado Radik VK» Yipaitu
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3 MABUIIEHOIO TJIONIEI0 TEIJI00OMIHY 1 HOMiHAaJb-
HOIO TETIOBOIO TOTY>KHICTIO 2,9 KBT, 110 po3mirnty-
I0ThCS y JTaOOPATOPHOMY TIpuMiIieHHi (puc. 7).
Ipyna pazgiaTopiB OcHallleHa TEPMOPETYJIIOI0-
YOI0 Ta MOBITPSBUITYCKHOIO apMatypoio. KouTyp
oraJieHHsT BUKOHAHUH 3 TOJITIPOITiJIEHOBUX TPYO
niameTpoMm 25 X 4,2 MM i3 Terioizossiiero «Der-
maflex» ToBumnoo 6 MM. /{irg komneHcarii 00’eM-
HOTO PO3IMUPEHHS TETJIOHOCIS TPU 3MiHI HOTO
Temieparypu (Ii[IroToB/ieHa TeXHiuHa BOja) Tie-
penbaueno membpanuuii 6ak b Reflex 06’emom
25 n1. LlupKyJIsiito y cucTeMi onaieHHs 3iiiCHIOE
Hacoc I[TH7 Wilo Star RS 15/8. PeaizoBaHo aB-
TOMaTUYHE BUKJIIOUEHHS TEIJIOHACOCHOI ycTa-
HOBKH 3a JiorioMoroio natyukis SDF-3 tucky y
pasi po3repmeTunsallii KOHTYpY Ta BTPATi HAIoOPy.
O06wujiBa KOHTYPH CUCTEMH OCHAIIEHI TeIIoMipa-
mu T «Apators LOM—III—K i3 mudpoBum BuBe-
JIEHHSM Ta aHAJI30M JaHUX HAa KOMITTOTEPI BifIIo-
—_ . BIiJIHO JIJTs1 BASHAYEHHST KIJTBKOCTI TETIOTH, BUJTyde-

Puc. 6. 30BHilIHiil BUIJISA BOASHOIO KOJIOAA3S 3 GETOHHOIO
CTIHKOIO

HOI 3 I'PYHTOBOI BOJU 32 JIOIIOMOIOIO TEIJIOBOrO
Hacoca, 1 KiJIbKOCTI TeIJIOTH, MOJJaHol Y CUCTEMY
orastentst. CricreMa TakoK OOJIAMITOBAHA TTOBITPSI-
BUITYCKHUKAMMU [I7Is1 BUTATIEHHS TIOBITPS TIPU 3a110-
BHEHHI i B x0j1i poboTu. [[J1s1 IPOBEIEHHST HAYKOBIX
JOCITiKEHD e(heKTUBHOCTI POOOTH TEILIOBOIO HACO-
ca TeMIieparypa TelJIOHOCIS y TIPSIMOMY Ta 3BOPOT-
HOMY TPYOOIPOBOAX 060X KOHTYPIB BUMIPIOETHCST
tepmorneperBopioBadamu tumy TCII-002K i peect-

Puc. 7. Pagiaropu onasennsi «Corado Radik VK» PYETbCA BTOPUHHUMEI KOHTPOJIbHUMU IIPUJIQ/IAMU.
Tabnuys 2
TexniuHi XapakTepucTUKH TemioBoro Hacoca EES24 ¢bipmu «EBpoeneprocepsic»
[TapameTp 3HaveHHs
TemoBa moTyskHicTb (TpH Temmepatypax 1oBkimst 0 °C i Temronocist 35 °C 6,6
BifmoBiHO), KBT
EnextpuuHa NOTYKHICTD ClIO’KUBaHHS, KBT 1,5
OG’emHa BUTpaTa BOJAM Y KOHTYPI J;Kepesia TeIIoTH, M*/To/1 1,2
OG6’emHa BUTpaTa BOJAM Y KOHTYPI CHCTEMU OTa/leHHs, M?/To/ 1,4
MakcumanbHa TemmepaTypa Termaonocis, °C 55
Maca xosnomoarenta R22, kr 2,3
Enexrpuune sxxuBnenns (3 dasu), B 380
TaGapuTHi po3mipu, MM 610 x 620 x 1180
Maca (HerTo), KT 138
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BMCHOBKHU

¥ pamkax BUKOHaHHS HAYKOBO-IOCJIiTHOTO TTPO-
exTy «CTBOPEHHSI TPYHTOBO-BOASHUX TEMJI000-

MIHHUKIB JIJIs1 TEIIJIOHACOCHUX T€XHOJIOT1i1 TeT10-

MOCTAYaHHsI Ta KOH/IUIIIOBAHHS TPUMITIIEHb> OY-

JIO TIPOBEJIEHO:

+ PO3pPaxyHOK €JIEMEHTIB; PO3pOOKa MPUHITUIIO-
BOI CXeMU, KOHCTPYKIIii i HOpMAaTUBHO-TEXHIY-
HOI JIOKyYMEeHTaIlil eKCITIepUMEHTATbHUX TeTLI0-
HACOCHUX YCTAHOBOK 3 IPYHTOBO-BOJIO-BOJISI-
HUM TEILIO0OMIHHIKOM Y BO03a0ipHill cBepI-
JIOBMHI Ta y BOJ103a0ipHOMY KOJIO/ISA31;

+ MOHTaK IPYHTOBO-BO/IO-BOISTHUX TETIOOOMIiH-
HUKIB CIIeIiaTbHOTO TTPU3HAYEeHHSI Ha TEPUTO-
pii ITT® HAH VYkpainu,

+ miAbIp CyMyTHBOTO yCTATKyBaHHSI, KOHTPOJIb-
HO-BUMIPIOBAJIBHUX MPUJIAJIIB Ta IX MOHTAX Y
CKJIa/Ii CUCTEMU TEIJIOTIOCTAYaHHS YaCTUHY [1PH-
MIIIIEHb aJIMIHICTPATUBHOTO KOPITYCY THCTUTYTY;

+ KOMILJIEKCHI eKCIIepUMEHTAIbHI BUTTPOOYBaH-
HSI YCTaHOBKH; Bi/IITPAITIOBAHHS ONTUMAJTbHUX
PEKUMIB; PO3POOJIEHHS PEKOMEH/IAII 11010
eKCITyaTaitii;

+ PO3pOo0OJIEHHsT PEKOMEH/IATIII JIJIsT TOIAJIBIIIOTO
BIIPOBA/IZKEHHST i CTBOPEHHST aBTOHOMHUX Tell-
JIOHACOCHUX CUCTEM [IJISI KOMYHAJIBHOI TeIJI0e-
HEPreTUKH 3 METOIO TEIJIONOCTAYaHHSsT KUTJIO-
BUX OyIMHKIB, OyliBEJIb COIiaIbHO-aIMiHICTpa-
THBHOTO TIPU3HAYEHHST Ta TIPOMUCJIOBUX 00'E€KTIB.
Koakcianpuuii cranmeBuil Temm00OMiHHUK i3

BHYTPIIITHBOIO TJIACTUKOBOIO TPYOOIO IACTh MOJK-

JINBICTh BUJIyYaTH BiJIHOBJIIOBAHY TEILJIOTY TPYH-

Ty 32 JIOTIOMOTOT0 MIPOMI’KHOTO TEIJIOHOCIS Ha OC-

HOBI anTuhpu3y. [Ipu BIIpoBa/KEeHHI JaHOTO BU-

Jy TeIJI00OMIHHMKA PEKOMEHIYEThCS BUOMPATH

Marepiaji BHyTPillHbOI TPYOU 3 MAJIOIO TEILJIONPO-

BiJIHICTIO, 11106 3MEHITUTH TEIIOTepeady MikK

BXiZIHUM (BHU3 BEPTUKATIBHOTO TPYOHOTO TETLIO-

0OMIHHUKA) 1 BUXiZTHUM (BBEPX) MOTOKAMU BOJIH,

a MaTepiaji 30BHIITHBOI TPyOH, HABMAKHU, TOBUHEH

30LIBIIMTH TEIUIOBI/Iauy B IPYHTOBHIT MackB. By-

JIO 3aIPONIOHOBAHO KOHCTPYKTUBHE PillleHHS 1110-

110 3'eiHaHHs TPYO 3 PI3HUX MaTepiais.

Jlyist paitoniB 3a0y10Bu Oe3 PO3BUHEHOI Mepe-

K1 IEHTPATI30BaHOTO BOJIOTIOCTAYaHHS PEKOMEH-

ISSN 1815-2066. Hayka Ta iHHoBauii. T. 8, Ne 1, 2012

AYETHCST BUIOOYBATH BOY [IJIsl TOCTIOJIAPYMX Ta
OUTHUX TIOTPeO 3 BOM03abIPHOI CBEPAJIOBUHL
Jlist jocsirnersst 6i1bIoro eexTy IMpPOnoHY€ETh-
Cs1 BAKOPUCTOBYBATH PO3POOJIEHMIT CII0CIO BUILY-
YEeHHS TEIJIOTH 3 BOA03a0ipHOI cBepAIoBUHNA. B
OCHOBY I[bOTO TEXHOJIOTIYHOTO PIllIEHHST TTOKJIA-
JleHa i/1est TIo€THAHHST BUAOOYBAHHST BOJIU JIJIST BO-
JIOTIOCTaYaHHd Ta BUJIYYEHHS 3aKyMYJbOBAHOI
TETJIOTA BOJAM [IJISI TEIJIOBOTO HACOCa B CUCTEMi
TEIJIONIOCTAYaHHS 3 O/IHIET CBEP/IJIOBUHMU.

[l TpuBaTHUX TIOMETKaHb, IO BUKOPUCTO-
BYIOTh 3BUYANHWIT BOM03a0IPHUIT KOJOMS3b SIK
JIZKEPETIO BOJI03a0e3eYeHH s, IOI[IbHO BUKOPUC-
TOBYBAaTH BOJY 3 HbOTO SIK JKEPEJIO HU3bKOIIOTEH-
IIAHOI TEIJIOTU /IJI BCTAHOBJIEHOTO TEILJIOBOTO
Hacoca 3 METOIO OIJIEHHST Ta KOHAMI[IOHYBaHHS
JKUTJIOBUX TpuMitiieHb. [Tpu BIipoBaizKeHHI Takoi
TEXHOJIOTI] 3HAYHO 3MEHIIYIOThCSI KalliTaJabHI 3a-
TPaTH Ha BCTAHOBJIEHHS CUCTEMU TEILJIONOCTayaH-
HsI Ha OCHOBI TEIJIOBOTO HACOCA, IO B CBOIO Yepry
IIPU3BOJIUTD /10 CKOPOUYEHHSI TEPMiHY OKYITHOCTI.
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CO3JAHUE ITPYHTOBO-BOAO-BOJAHDBIX
TEIINIOOBMEHHUKOB JJIA TEIINIOHACOCHBIX
TEXHOJIOTUI TEIJIOOBECTIEYEHU S
N KOHAUIIMOHNUPOBAHUA TIOMEIIEHWIA

Hpe]ICTaBJTeHa MCTOJAMKA MPOCKTUPOBAHUA M CO3TaHUA
9KCIIEPUMEHTAIbHBIX o6pa3u013 TPYHTOBO-BOZAO-BOJAAHBIX TEII-

JI0OOMEHHUKOB B CIIEIIUAIBLHOM UCIIOJHEHUH, KOTOPbIE BXO-
JISIT B COCTAB TEIJIOHACOCHOU CUCTEMbI TEIJIOCHAOKEH S Yac-
TH TIOMeNeHuil aIMIHUCTPATUBHOTO Kopryca Mucruryra
texamyeckon tenmodusnkn HAH Yrpanmsr.

Kntwouesvie crnosa: BIIepI‘OC6epe>K6HI/Ie, HETPpaAUIIMOH-
Had 1 aJIbTEpHATUBHAA 9HEPIrusd, Tel'I]IOO6MeHHI/IK, HHU3KOITO-
TEeHIIUaJ/IbHaA TEIJIOTa, TEIIOBOI HACOC.
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DEVELOPMENT OF GROUND-WATER
WATER-HEAT EXCHANGERS FOR HEAT PUMP
AND AIR CONDITIONING TECHNOLOGY
FACILITIES

Technique of designing and creating of ground-water wa-
ter-heat exchangers prototypes in a special performance,
which are part of the heat pump heating system in the premis-
es of the administrative building of the Institute of Engineer-
ing Thermophysics of NAS of Ukraine, is presented.

Key words:energysaving,alternativeandunconventional
energy, heat exchanger, low-grade heat, heat pump.
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