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lMockosbKy MUKpOKIUMAaT

B NMPon3B0O4CTBEHHOM MOMeLLeHNuN
HeJsb351 paccMaTpuBaTh N30JINPOBAHHO
OT LeJ1oro psiga oL4eHOYHbIX
¢akTopoB (kpurtepueB), aBTOPbI
060CHOBbBIBAIOT BbIOOP TENMJIOBbIX
HacocoB B Ka4eCcTBe BO3MOXXHOW
asibTepHaTuBbl TEMNJ1I0CHa0XXeHUs

C 3KOJIOrn4YeCcKom, aHepreTu4ecKoi
" 3KCEepPro3KOHOMMUYECKON TOYEK
3peHus. Mpu aTom cucrtema
aprymeHTayuu npsiMo cBsi3aHa

co cneungukor o6beKToB
JKes1e3HbIX AOPOr U COBOKYMHOCTbIO
TEeXHOJIOrn4eckux pakTopos
6e30MacHOCTHN, Hag4eXXHoOCTU
npegnaraemMbix BapuaHTOB.

KnroyeBslie cnoBa: TernyiosHepreTvka,
Ter/ioBOVi HACOC, XeJIe3Hble OPOru,
BKCEeProdKOHOMUKA, 3KOJIOrUSl.
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eIIOCHa0XeHME TTPOU3BOACTBEHHBIX

TIOMEILIEHU I, BOCOOEHHOCTH YIaJIeHHO

PaCIOJIOXKEHHBIX OT LIEHTPAJIM30BaHHO-
ro MCTOYHMKA, MPEeArogaraeT BO3MOXKHOCTHU
aJILTEepHATUBHOTO crtoco0a otorieHus. OmHUM
M3 TaKUX CTIOCOOOB SIBJISIETCST MCITOIb30BaHUE
TEIJTIOBBIX HACOCOB.

HasHaueHne ycTaHOBOK IJISI OTOTUICHUS
TMIOMEIIEHUI COCTOUT B obecrieueHUu Tpedye-
MOM TeMmepaTypbl BHYTPU IMOMEILIECHUNA TTPU
J1100011 HApy>KHOIi TeMIIepaType B OTOMUTEb-
HbI nepron. OOBIYHO CHCTEMa OTOILICHUS
TPOV3BOICTBEHHBIX IMOMEILICHUI ObIBaeT Jie-
LIEHTPaJIM30BaHHOM, a TeMIlepaTypa B IIOMe-
ILIEHUY MOXKET HE3HAUMTETbHO OTJINYAThCS OT
TeMIiepaTypbl HAPY>KHOTO BO3ayXa, U IS TUX
YCJIOBUI TIPUMEHEHYE TeTTOBBIX HACOCOB SIB-
JISIETCSI OUYEeHDb MEePCIEeKTUBHBIM. YUUTBIBAS
XapaKTep TeXHOJOTMYECKUX MPOLIeCCOB, pea-
Jm3yeMbIx Ha pearpusatusx OAO «PXK]I», nx
crendurke 00bIlIe BCEro OTBEYAIOT MapOKOM-
TIPECCUOHHBIE TETUIOBBIE HACOCHI.

WUccnenosanusa [1—3] moka3sIBaloT, 4TO
TMOTEHLIMAJ 9HEProcOePeKeHMS 3a CUET PEKOH-
CTPYKIIMU W BHEIPEHUs TETUIOHACOCHOM TeX-
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HUKHU cocTaBjsieT nmopsaka 60% ot oblero
MoTpebieHrs 9Hepruu. Bmecte ¢ TeM peanu-
3allMsl OTOTO TOTeHIIMANIa TPeOyeT, TTOMUMO
MPOYETo, UCIOJb30BaHNSI COBPEMEHHBIX Me-
TOJIOB KOMITJIEKCHOTO aHaJTN3a U TUarHOCTUKH
CHUCTEM TepMOTpaHchOopMaluu, Ha OCHOBE
KOTOPBIX MOXHO IOJTYYUTh MaKCUMaTbHbIN
addexT sHeprocobepexxeHruss Npu MUHUMYMeE
(brHAHCOBBIX 3aTparT.

K HacrostiieMy BpemeHU 3(pheKTUBHOCTD
OTZIEJIbHBIX 2JIEMEHTOB TEIJIOBBIX HACOCOB
B psifie CTy4aeB JOCTUTJIA TAKOTO YPOBHS, YTO
YAy4dlIeHUE MX KOHCTPYKIINI YKe He OKa3bIBa-
€T CYIIECTBEHHOTO BJIMSTHUST Ha TIOBBIIIIEHUE
3 HeKTUBHOCTH BCEl CUCTEMBI TEPMOTpPaH-
copmaruu. I o0CHOBHBIM pe3epBOM 3HEPro-
cOepekeHMST CTAHOBUTCSI COBEPIIIEHCTBOBAHIE
OOIIMX CTPYKTYPHO-TTapaMeTPUUIECKIX XapaK-
TEPUCTUK C YIETOM B3aMMOCBSI3U M B3aWMO-
BIIVISTHUST JIEMEHTOB CXEMBI.

O0s3aTeIbHbIMU YCIOBUSMU 3G HEKTUB-
HOTO IIPUMEHEHMSI TETUTOBBIX HACOCOB SIBJISIET-
Cs1 HAJTMIKe JOCTaTOUHBIX PECYPCOB HU3KOITO-
TEHIIMATBHOM TEIJIOTHI M OTCYTCTBUE OTPaHU -
YEHW B UX MIPUCOCTMHEHNN K CETH JIEKTPO-
CHaOXeHUs .

Ha nanHoM aTare HeT TeXHUYeCKUX orpa-
HUYEHUI Ha TPUMEHEHUE TETUTOBBIX HACOCOB
Kak I10 TUITY ¥ MOIITHOCTH, TaK Y BUJTY UCITOJTb-
3yeMOT0 MCTOYHUKA HU3KOTIOTeHIIMATbHON
TernoThel. X BBIOOp MUIsT TeTIOCHAOXEHUS
TPON3BOJICTBEHHBIX OOBEKTOB 000OCHOBBIBACT-
Csl TEXHUKO-IKOHOMUYECKUMHU pacyeTaMu
B 3aBUCHMOCTH OT BeJTMUMHBI TETUTOBBIX HATPY -
30K 3MaHU, YCIIOBUI X pa3MeIIeHHUs], JOCTYII-
HOCTH 1 TTapaMeTPOB NCTOYHNKA HU3KOTIOTEH -
[IMAJTLHOM TETUTOTHI.

CeroHsT HeT eIMHOTO KpUTEpHs (OLIEHOY -
HoOro (akTopa), Ha OCHOBAHUU KOTOPOTO
MOXHO OBbLIO ObI OJHO3HAYHO OTpPEIEIUTh
11eJ1eCO00Pa3HOCTh TPUMEHEHUST TETLIOBBIX
HacocoB. Tpu (hakTopa OMTHOBPEMEHHO BIMSIIOT
Ha TIPUHSITHE PEILIEHUST: SKOJTOTUIECKUIA, SHEP-
TETUYECKUIA U SKOHOMUYECKUM.

DKOJ0ru4ecKuii pakTop OCHOBBIBAETCS Ha
aHaJM3e BEIOPOCOB B aTMOChepy Teria v Bpe-
Hbix Bemects — CO,, N O, NO_, CO u apyrux
YIJIEBOIOPOIOB, BIUSIONINX Ha TIO0AIBHOE
noterieHue. OTMETUM, YTO 3TOT (pakTop ObLT
TPENJIOKEH JUTSI SKOJIOTUIECKOM OIEHKU XO-
JIOMAJILHOTO M TEIJIOHACOCHOTO 000pYyIoBa-
HUSI, U TI09TOMY OCHOBBIBA€TCS Ha aHAJIM3e
BPEIHOTO BJIUSHUS pab0OYMX BEIIECTB Ha
OKPYXAIOIIYIO Cpe/Ty TTpU MoTalaHUK UX B aT-
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Mocdepy. OTcrona MOXKHO CAenaTh BEIBO, YTO
TEITOHACOCHAsI cucTeMa (Ipu padboTte B 6e3-
aBapuifHOM peXnMe) He UMeeT BIOPOCOB
B aTMocepy, a IIOTOMY SIBJISIETCST SKOJIOTHYe-
CKU YMCTOM JIs1 MOTPeOUTEIS.

DHepreTudeckKuit (akTop MHOTHE TOJbI
OBUI eIMHCTBEHHBIM, peaTbHO (hOPMaATN30BaH-
HBIM U IIAPOKO HCIIOIB3YeMBIM OIICHOYHBIM
mokazartejieM. JIJIsT TpamIuIIMOHHBIX CHUCTEM
teruiocHaoxenus — ato KIT (n), ans reruio-
BBIX HACOCOB — KO3(UILIMEHT IMpeodpa3oBa-
HUS TeIIoBoro Hacoca (p). Eciou yaects, uto
BenmuuHa KITJ1 B camoMm o011ieM citydae uzme-
Hsiercs B nipeenax 0< n <1, a apyrast BeJiuIu-
Ha B rpeaesiax 1< p <oo, TO M3JIMILHE TOSICHSTh
HEKOPPEKTHOCTh MX MCIIOJb30BaHUS P
CPaBHUTEJIBHOM aHaJIM3¢ Pa3IMIHbBIX CUCTEM
TEITIOCHAOXKEHMSI.

Wcnonb3oBaHue skcepretuyeckoro KIT/T
CIIOCOOHO OOBEKTUBHO OLIEHUTH 3(D(HEKTUB-
HOCTb JIIO0OI U3 CHCTEM TEIUIOCHAOXKCHMS:

ne

E

m

e=

,oie E . — sKceprus npoaykra cucre-

MBI (MPOU3BENEHHOTO TeTlia), E. — skceprus
TOIUIMBA CUCTEMBI (3aTPaYeHHOTO MEPBUYHOTO
TOIIMBA) [4].

C nosiBJieHMEM TEPMOIKOHOMUKH (IKCEP-
TO9KOHOMUKH) KaK MHCTPYMEHTA /151 aHaIi3a
U ONTUMM3ALIMU TPUHSTUE PELIECHUS O pallv-
OHAJIbHOCTH UCMOJIb30BaHUS TETUIOBBIX HACO-
COB 3HAUUTEJBHO O0JIErYMIOCh, TaK KaK CIIv-
SIHUE 9HEePreTUYECKOro U KOHOMUYECKOTO
(haKTOPOB MOHU3UIIO PA3MEPHOCTD PelllaeMOii
3a[1a4¥ U TO3BOJIWIIO C(HOPMYIMPOBATH OTHO3-
HayHbI OTBET 00 3 (PeKTUBHOCTU MPUMEHE-
HUS TOW WU JPYTOW CUCTEM TETUIOCHAOKEHUS.

KoadhpuuneHT npeodpazoBaHus uaeaib-
Horo 1ukia KapHo 1ig oTorieHus B TeueHue
OTOIMUTEIBLHOTO MEPUO/IA ITPU CPEAHEN HAPYXK-
Hoti TeMrieparype 277°K v Temniepatype BHyTpU
nomemenusa 293°K cocrasnger g =18,66.
OtonuTebHbIE CUCTEMBI C TETLUTOBBIMU HACO-
caMU UMEIOT KO3 MUILIMEHT Mpeodpa3oBaHUS
CYILIECTBEHHO MeHbLINI. OHU HE MOTYyT pabo-
TaTh C TPAAUIIMOHHBIMU HarpeBaTeIbHBIMU
npubopamu (panuaTopamu), UCMIOIb3YIOIIUMUA
B OOJIBIIIMHCTBE CTy4aeB FOPSYYIO BOAY C TEM-
nepatypoii 90—110°C. TeruioHacoCHbIE€ OTOIU-
TeJIbHbIE YCTAHOBKU C TEMIIEPaTypoil ropsiueit
BoJbI 55°C uMeroT Koo duiLmeHT mpeodpaszo-
BaHU, HAXOASUIUIACS HUXE MTPENETbHO TOITY-
CTUMBIX 3HAaYEHU I SKOHOMUYECKHU d(PDHEKTUB-
Horo npuMeHeHus. [IoaToMy 5KOHOMUYECKUIA
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Puc. 1. MpuHunnuanbHasa cxema THY u kpyrosoii npouecc B T, S-gunarpamme: KM — komnpeccop;
K — koHgeHcatop; U — ucnapurens; [l — aBurarens; OK — oxnaaurenb koHaeHcaTa pabo4yero Tena;
AP — apoccens; MM — neperpesatens napa paboyero Tena.

3(pdeKT OT IpUMEHEHUS TETUIOBLIX HACOCOB
B CHCTeMaX TEIJIOCHAOXEHUS TOCTUTACTCS
TOJIBKO TPH UCTIOJIb30BaHUU HU3KOTEMIIepa-
TYPHBIX CICTEM.

TermoBoit Hacoc — YCTPOICTBO MJIST TIepe-
HOCa TeTUIOBOI SHEPTUY OT UICTOYHUKA HU3KO-
TMOTEHIIMATbHOM TeTUIOBOI SHEPruu (C HU3KOM
TEMIIepaTypoii) K MOTPeOUTENIO (TeTUIOHOCH -
TeTI0) ¢ OoJiee BRICOKOM Temmepartypoii. Tep-
MOIMHAMHUYECKN TEIIOBOM HACOC IIPEeICTaB-
JIsIeT co0ol 0OpaIIEHHYIO XOJOMMIBHYIO Ma-
mmHy. Ecii B XomomuiIbHOM MaIlliHe OCHOB-
HO 1IEJIBIO SIBJISIETCSI TIPOM3BOICTBO XOJIOAa
TyTEM OTOOpA TEIIOTHI U3 KAKOTO-IM00 00b-
€Ma uCIapuTesieM, a KOHACHCATOP OCYIIECTB-
JISIET COPOC TETLTOTHI B OKPYKAIOIIYIO CPELY, TO
B TETUIOBOM Hacoce KapTuHa obparHast. KoH-
JIEHCATOP SIBJISIETCS TETZIOOOMEHHBIM arrapa-
TOM, BBIICIISTIOIINM TEIIOTY LISl TOTPEOUTES,
a MICITApUTETh — TEITOOOMEHHBIM arIiapaToM,
YTWIU3UPYIOIIUM HU3KOIIOTCHIIMAIBHYIO Te-
TUTOTY: BTOPMYHbBIC SHEPTETUICCKIE PECYPCHI
¥ (WIN) HETPATUILIMOHHBIE BO30OHOBISIEMBIE
WCTOYHUKU SHEPIUN.

TertoBoit Hacoc paboTaeT ClIeAYIOIINM
obpaszom (puc. 1). Teruto oT TerooTmaTInKa
(HaTIpuMep, TeIIOBas SHEPTUsI TPyHTa, COPOC-
HBIE ITOTOKM WJIN COJTHEYHAsI SHEPI M) TTOIBO-
IUTCS K pabouyeMy areHTy B MCIIapUTEJIE.
B pesynsraTe momBoma Teruia paboOYMit areHT
KUIIMT B UCTIapUTeJie NPU AaBieHuu P, 1 Tem-
neparype T, . I1ap, Tioy4eHHbIi B UCTIAPUTEITE,
TIOCTYIIaeT B KoMITpeccop. B Kkommpeccope mmap
paboyero areHTa CXMMAETCs OT AaBjieHust P,
110 TaBJIEHUS PK. TemmepaTtypa KoHIEHCAIIUN
mapa IIpy 3TOM COOTBETCTBEHHO ITOBBIIIIACTCS
oT TM o TK.

W3-3a TpeHusa n HEOOPATUMOTO TEII000-
MEHa IIPOIIECC CxKaTHsI B KoMITpeccope 1—2 He
COBIIAIAET C MU309HPOITHBIM cxKatrem 1—2'. U3
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KOMIIpeccopa Tap IOCTYyIaeT B KOHAEHCATOp
(K), rme B pe3ynbrare oTBOIA TeIUIa K TEILIO-
MIPUEMHUKY IIPOMCXOIUT OXJIAKIEHIE padboye-
TO areHTa ¥ KOHAeHcalys napa. JIJis moBsIiie-
HIS1 3D (GEKTUBHOCTH LIMKJIa MHOTIA OCYIIIECTB-
JISIIOT BHYTPEHHMI pereHepaTUBHBIIN TETII000-
MEH MEXIy ITOTOKOM XKHUIKOT0 pabouero reja
(x1amareHTa) mepen IpocceeM U ITOTOKOM
mapa nepea KOMIIPeccopoM (depe3 OXJIaIUTe b
KoHzaeHcaTa pabouero Tena OK). B pesynbsrate
TEIIO0OMEHA XKUIKOEe paboUee TEJIO TOTOTHM -
TeJIbHO oxJIaxKaaeTcs (mpoiecc 4—5 Ha puc. 1),
a ero HaCHIIIICHHBIN Tap meperpeBaeTcs (IIpo-
necc 7—1). I[Mocne oxmanuTesnst XUIKWAMA XJ1a-
areHT MPOXoauT depes apoccenb (IP), rme
B pe3yJibTaTe IPOCCEINPOBAHUS TaBICHUE
pabouero areHTa majgaetr OT PK o P" U TEMIIE-
paTypa CHMXKAeTCs, a XXMIKHWI areHT OISITh
TOCTYIIaeT B UCIIAPUTEb.

DHepreTrnyeckas 3(PpHeKTUBHOCTD TETLIO-
BOTO Hacoca olleHUBaeTcs KoadduimeHTom
peoOpa3oBaHUST

Qx
7 ()

rae Q, — TEIUIOBOii MOTOK B KOHAEHCATOPE,
kJIx; L — pabora, 3aTpaueHHast B LIMKie, KJK.
151 uneaabHOTO TEIJIOBOTO Hacoca
/5
=— 2

T-T (2
rne T , T —Temmneparypa paboyero Tejia B KOH-
JIeHCATOPe W UCTIapUTesie COOTBETCTBEHHO.

Dueprernyeckast 3(PpHEKTUBHOCTD TETLIO-
BOTO HAcOCA TOBBINIAETCS KaK C POCTOM TEM-
TepaTypbl KOHIGHCAIINN, TAK ¥ YMEHBIIIEHUEM
Pa3HUIIBI TEMTIEPATYP MEKITY KOHIEHCATOPOM
¥ WCTapuTeseM. DTa pa3HUIA OTMPeaeIsIeTcsT
TEMITEPATyPOI NCTIAPUTEIISI, KOTOpasi, B CBOIO
ouepeb, CBsI3aHa ¢ HU3KOTEMIIEPaTyPHbBIM
WCTOYHUKOM.
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Teru10BO# TOTOK B KOHIIEHCATOPE CKITA/IBI -
BaeTcsl U3 TEIJIOBOTO MOTOKA B MCIIapUTeJIe
U paboThI LUKJIA:

Q,=Q,+L, 3)
rae Q,, — TPEeaCTaBIsAeT COO0M CyMMy TETIo-
BOTO MOTOKA B ucnapurtesne, KJIx.

TerutoBOI TOTOK B KOHIEHCATOPE OTBOIMT-
Cs1 BOJIOU, KOTOPAas UCIIOIb3YeTCs IS OTOILIE-
HUS U TOpsiYero BomocHabxeHus. TeraoBoi
TOTOK JUISI OTOTUIEHUSI TIPOMBITIIEHHOTO T10-
MEIIEHHs OTIPENIETISIETCsT Kak
Qu=k*F - (T,—T), @)
rae k — koadduimeHT Ternonepeaaun, Br/m?
rpan; F — rutomans moBepXHOCTH HarpeBa, M2;
T4, T — TeMneparypa COOTBETCTBEHHO ropsi-
Yyell BOJbI B CUCTEME OTOIIEHUST U BO3/IyXa
B TIOMEIIIEHUH.

Takum obOpa3oM, HEOOXOAUMO OTMETUTD,
YTO 10 Teopuu ucronbayercst 100% TeruioBoi
SHEPruu, pudeM 25% sHepruu 3aTpaurBacT-
cs1 Ha paboTy KOMIIpeccopa, a ocTaibHble 75%
3a0MpaloTCsl Y HU3KOTOTEHIIMAIBHBIX UCTOY -
HUKOB TerIa (3eMJI1, BOJbI, COJIHLIA).

J1st oTOTUTEHMSI TTIOMETIIEHMS BOIIOM C TEM -
TepaTypoid, XapaKTepHO JIJIsT TETJIOBBIX Ha-
cocoB (50—55°C), HeoOxoauma pa3BuUTas
TTOBEPXHOCTb OTOTIUTEJIbHBIX TTPUOOPOB WU
TpyOOTIPOBOHAS CUCTEMA TEIUIBIX TTOJIOB.
Hpyrast BO3MOXXHOCTb UCITOJIb30BaHUS TOPSI-
Y€l BOJIbI, IPUTOTOBJIEHHOW TEIJIOHACOCHOW
YCTaHOBKOM,— €€ MpUMeHEeHUEe B KaueCTBe
TETIJIOHOCUTEJIST TIPU BO3IYIITHOM OTOTUICHUN
TIOMEILIEHU.

OnpeaeasrouM apryMeHTOM Ipy 000CHO-
BaHUU U TIPOCKTUPOBAHUU CUCTEMbI TETUIO-
CHAOXEeHUsI C TETUTOBBIMU HACOCAMU SIBJISIETCST
BBIOOP MCTOYHMKA HU3KOIMOTEHIIMATLHOM Te-
IJIOTHI, €r0 PACTIONOXKEHUE U TTapaMETPHI.

VcTouHnKaMy HU3KOITOTEHIIMAILHON Te-
TUTOTHI JUTSI TETJIOBBIX HACOCOB MOTYT OBITh:
BBITSDKHOM BO3YX, HAPYKHBIN BO3/yX, TPYHT,
CTOYHBIE BOJIbI, TTOJI3EMHBIE M TTIOBEPXHOCTHBIE
BOJIbI M BTOPUYHBIE TETIJIOBBIE 9HEPTOPECYPCHI
Pa3IMYHOTO ITPOUCXOXKICHUSI.

Terutora Hapy>KHOTO BO3/IyXa KaK UICTOYHHK
HU3KOITOTEHIIMATLHOM TETTOTHI XapaKTepu3y -
€TCsI CE30HHBIMU 1 KPaTKOCPOUYHBIMU KOJie0a-
HUSMU TeMITepaTyphbl, YTO BJIEYET 3a COOOM
KosiebaHUsl PeXUMOB TEIMJOBOTO Hacoca,
cHxawuue ero agpdektuBHocTb. CpeaHuit
YPOBEHb TEMIIEPATYPbI OKPYKAIOIIETO BO3IyXa
BJIUSIET HA KO3 DULIMEHT TpaHchopmaul —
YeM HIKe TeMmIlepaTtypa, TeM Hike Koaddbu-
IIMEeHT TpaHcdopMaIum.
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IpyHTOBBIE U TIOA3eMHBIE BOABI UMEIOT
IMOCTOSTHHYIO TeMITepaTypy U BBICOKUE Te-
rtousnyeckre xapakrepuctuku. Mcromb-
30BaHNE UX B KAY€CTBE HU3KOTIOTEHIIMATb-
HOTO MCTOYHUKA TEIJIOTHI MPEACTaBISECTCS
MPEAMOYTUTEbHBIM BBUIY TOCTYITHOCTHU
M KaxyIencst TpOCTOTHI CXeMbl HU3KOTEM-
nepatypHoro (1o 50°C) teruiocHabXeHUs,
3aKJII0Yaloleiicsd B momayvye BoIbl B UCTIapU-
TeJIb TEMJIOBOTO HAacOoca U €€ BO3BpaTe yepes
COOTBETCTBYWOIIIME CKBaXuHbl. Ho eciu
BOJIa HETIPOTOYHAsl, TO HE UCKJIIOUEHO Te-
peMelIuBaHUE OXJIAXIEHHOW U TPYHTOBOM
BOJIBI, T.€. IeTpaalvs MICTOYHUKA TETIJIOBOM
9HEPTUHU BIUIOTH JIO TTOJTHOTO UCTOIIEHUS.

Boimsaocroii 6030yx sBisietcst ahdeKTuB-
HBIM M TOCTYITHBIM JIJIST UICTIOJIb30BaHUSI B Ka-
YeCcTBE HU3KOTOTEHIIMAJIBHOTO UCTOYHUKA
TEIUIOTHl B CUCTeMaX TeIJIOCHAOXEHUST OT-
JIeTbHBIX XXWIbIX 3MaHui. TeMIiepaTypa BbI-
TSDKHOTO BO3[yXa CTaOMJIbHA B TEeYEHUE OTO-
MUTEJBHOTO MePUOAA U COCTABIISIET B CPETHEM
18°C. O6beMbI yaansieMoro Bo3ayxa 3aBUCST
OT Ha3HAYEHMS U TUIOMIAAN BEHTUINPYEMbBIX
MOMEIIEHUN.

Ipynm BepXHMX CJIO€B 3eMJIM, KaK U Ha-
PYXHBII BO3yX, IPEACTABISIET COOOM TeTio-
BOIT aKKyMYJISITOP HEOTpaHUIEHHON €eMKOCTH.
DG GHEKTUBHOCTD UCITOJb30BAHUS TEIIOTHI
TpyHTA OTpeAeIsieTCs IJTaBHBIM 00pa30M TeM-
MepaTypHBIM PEXMMOM T'PYHTAa B TOJOBOM
LIMKJIE U 3aBUCUT OT €r0 COCTaBa, BJIaXHOCTH,
TeMITepaTyphl BO31yxa U Ap. TeXHUIecKu BO3-
MOXHBI CUCTEMBI OTOOpa TETUIOTHI TPYHTA
C MPUMEHEHNEM TeTUIOOOMEHHUKOB U3 TjIa-
CTHUKOBBIX TPYO Pa3HOTO AMaMeTpa: TOPU30H-
TaJIbBHOTO UCTIOJTHEHUSI (3MEKM, TIeTIIN U JIp. ),
yKJIaJbIBaeMble ¢ 3arayoseHueM Ha 1,5—2,0 M
B TPYHT, M BEPTUKAJIBHOTO (30H/IbI) — B CKBa-
KMHBI pa3HOU TiyOuHBI. IS OIIeHOUHBIX
pacyeToB IPUHUMAETCS 3HAaYeHUE YIETbHOTO
TEryI0BOro moToka 45 Bt Ha 1 MeTp AMuHbBI
30HIa. B cBSI3U ¢ TeM, UTO C KaXIbIM TOIOM
IUIOIIAAb OXJAXIEHHOTO MacCHUBa FPyHTa
OyJeT yBeIMYMBaThCSl, BOZBHUKAET BOTIPOC
0 MacuITabax 3TOro Mporecca v ero BIUSHUN
Ha OKpYXaloIyo Cpemy.

Bpewmst penakcanium TeMIiepaTypbl TpyHTa
MPUOIU3UTEIBHO PaBHO BPEMEHU OXJIaX[e-
HUSI TPYHTA, UCIIOIb3yeMOTO KaK HU3KOTEM-
TepaTypHBI UCTOYHUK IHEPTUU JUISI TeTLIO-
HACOCHOM ycTaHOBKU. Tak, eciau Ha JIeTHU
nepuos (Mali-CeHTSI0pb) MOJHOCThIO OTKIIIO-
YUTh OTOOP TETUIa U3 TPYHTA, T.€. OCTaThcs 6e3
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ropsiYero BOJOCHA0XEHUST, TO K OKTSIOPIO
MPOU30MIET MPAaKTUYECKHU TTOTHAs peaKca-
LIMSL.

Cmounvle 600bl OUEHDb TIEPCIEKTUBHBIN,
HO TIOKa MaJI0 MCIIOJIb3YeMBbIi IJIsT TETI0-
CHAOXEeHMSI UCTOYHUK HU3KOMOTEHIIMAJb-
HOM TEMJI0ThI, YTO OOYCIOBIAEHO UX OMOJIO-
T'MYECKON M KOPPO3MOHHOM arpecCHBHO-
CThIO, HEPABHOMEPHBIM PEXUMOM TIOTOKA
B KaHaJM3allMOHHON ceT. OgHAKO cileayeT
pa3IuYaTh CTOYHBIC BOIHI IIPOMBIIIJIEHHOTO
MPOMCXOXIEHUSI, COCTaB KOTOPBIX OoJiee
IIpeacKa3yeM, OT CTOYHBIX BOJ OMOJIOTHYE-
cKoil ouncTtku. O6beMbl U TeMIlepaTypa
TIPOMBIIIUICHHBIX CTOYHBIX BOI 3aBUCAT OT
TEXHOJOTMYECKOTO Mpoliecca U TeMIepaTy-
PBI BOZOIIPOBOAHOI BOABI. [ToaTOMY MUHU-
MaJibHasl TeMIepaTtypa CTOYHBIX BOJ, IIO
KOTOpPOI JOIMYCTUMO MX MOHMXEHHE B Te-
TI0OOMEHHUKAX-yTUJIM3aTopax, AOJKHA
OBITh HE HUXXE TeMIIepaTyphl, IPU KOTOPOM
TeMIiepaTypa CMEIIEeHHBIX CTOYHBIX BOJ TTPU
MX MOCTYTJIEHUU Ha OYMCTHBIE COOPYXKEHUS
OyZeT He HMXKe YCTAaHOBJICHHBIX perjiaMeH-
TaMU. YXOAsIihe CO CTOYHBIMU BOAaMu
OTXOJIIBI TETUIOTHI JOBOJHHO 3 (HEKTUBHO
MOXHO TepPeBeCTU C MOMOUIbIO TEIJIOBBIX
HacOCOB Ha IIOJIE3HbIA TeMIepaTypHBII
ypoBeHb. OCcoObIil UHTEpEC NI ITUX Lesei
IIPEICTaBIISIIOT CTOYHBIC BOJBI C TEMIIEPATY -
poit Huxe 30°C.

Boda obopommoeo sodocnabucenus. B 6071b-
IIWHCTBE CJIy4aeB OHA CIY>XWUT JUJIsSI OTBOJA
TeIIa OT TEXHOJIOTMIECKOTO 000pYIOBaHUSI.
Bonbiioe 3HaueHue nMeeT BHIOOP MecTa
B KOHTYpPE LIUPKY/ISLIMY BOIBI, Te BOIA OXJIa-
JKIAeTCsl HACTOJIBKO, UTO YIIyUIIaeTCsl TEXHO-
JIOTUYECKUI MPOIIECC 1 MPU 3TOM OHa SIBJISI-
€TCSl UCTOUHUKOM TETIJIOTHI JIJIST TETIJTIOBBIX
HacocoB. OxjaxaeHnue o00OpPOTHOM BOIOI
HCTIONBb3YETCSI BO MHOTUX TEXHOJOTUYECKUX
Mpoleccax: B TPagMpPHIX IS OXJIaXKIeHUS
KOHJICHCATOPOB XOJIOMMIBHBIX MAIIIH, KOM-
MPeCccOpoB, KOHIAEHCATOPOB IEKTPOCTAHIIA
W T.II.

CoaHeunas 3Hepeust UCTIONb3YETCSI B Kaue-
CTBE MCTOYHMKA HU3KOITOTCHIIMAIbHON Te-
TUIOTHI Yepe3 UCIOIb30BaHUE KOHIIEHTPUPY-
FOIIUX ¥ HEMOCPEICTBEHHO MOTJIOMIAOIINX

COJTHEYHBI MOTOK COJHEUHBIE KOJUIEKTOPHI
(manenu). IIpu KOHUEHTPALUU COJTHEUHOTO
WU3JTy4eHUST MOJIYy4YaloT BBICOKHE TMJIOTHOCTU
TEIJIOBOrO MOTOKA U COOTBETCTBEHHO BBICO-
KVe TeMIepaTypel HarpeBaemoro tesa. OnHa-
KO MIPUMEHEHUE COJTHEUHBIX KOJJIEKTOPOB
B 3UMHUI 1 IEPEXOHbII IEPUOIBI HA TEPPU-
Topuu PO kpaiiHe orpaHU4YeHO He3HAUNUTEITb-
HOW MJIOTHOCTBIO COJTHEYHOUW paguannu, 00-
JIJAYHOCTBIO, HU3KUMMU TeMIIepaTypaMU OKpy-
JKaloUlel cpelibl, CHEXXHbIMU MTOKPOBAMM.

BbIBO4bl

PaccMoOTpeB OCHOBHEIE TTOJIOXKEHUS TIPH-
MEHEHMS TEIUTOBBIX HACOCOB IJIST OTOTLICHUS
¥ TOPSTYETO BOMOCHAOXKEHUSI, a TAKKE TTOTCH-
raja U JOCTYITHOCTh MCTOYHUKOB HU3KOIIO-
TeHIINAIBHOM TEIIJIOTHI, MOXHO YTBEPKAATh,
910 3((HEKTUBHOCTH TPUMEHEHUS TEIIJIOBBIX
HACOCOB, TIPH BCEX MPOYMX PABHBIX YCIIOBUSIX,
CYIIECTBEHHO 3aBUCHT OT COOTHOIIICHUSI CTO-
MMOCTH 3JICKTPUUECKOM U TEITOBOM SHEPTUH
B IaHHOM perroHe. [1py HM3KOM CTOUMOCTH
3JIEKTPOIHEPTUU 1 BEICOKOI CTOMMOCTH Te-
TUTOBOI SHEPTUU MCITOJIb30BaHME TETUIOBBIX
HACOCOB B CHCTEME TEIUIOCHAOXEHMS TIep-
CIICKTUBHO.

Takum o6pa3om, TEIJIOBbIE HACOCHI SIBJISI-
FOTCST 9KOHOMHWYHBIM CITOCOOOM OTOITJICHUS
NPOMBIIIIEHHBIX 00beKTOB. He TpebyeTcs
TOABO/IA JIOPOTOCTOSIIIINX TerutoTpace. B pe-
3yJIbTaTe, MMesI BCETO JINIIb 3JIeKTPOCHaOKe-
HIE ¥ BODOCHAOKEHHE, C TIOMOIIIBIO TETTOBBIX
HACOCOB MOXKHO IIEJTUKOM O0CCITEYNUTh aBTO-
HOMHOCTb CO3IaHUS U MOAAepKaHUs TpeOy-
€MOT0 MUKPOKJIMMATa Ha OTACTbHO CTOSIIIEM
00BEKTE.
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ABSTRACT

Since the microclimate in the workplace cannot
be considered separately from a number of
assessment factors (criteria), the authors justify the
choice of heat pumps as a possible alternative to

heating from environmental, energy and
exergoeconomic viewpoints. This reasoning system
is directly related to the specificity of objects of
railways and to a set of technological safety factors,
justifying reliability of the proposed options.

Keywords: heat power industry, heat pump, railways, exergonomics, ecology.

Background. Heating of industrial premises, in
particular remotely located from a central source,
suggests the possibility of an alternative heating
method. One of such methods is the use of heat
pumps.

Installations for heating are designed to ensure the
requiredindoor temperature atany ambient temperature
during the heating season. Typically, the heating system
of production facilities is decentralized, and the room
temperature may vary slightly from the outside
temperature, under these conditions the use of heat
pumps is very promising. Given the nature of
technological processes implemented at the enterprises
of JSC Russian Railways, vapor compression heat
pumps correspond to their specifics mostly.

Studies [1-3] show that the potential for energy
savings due to reconstruction and introduction of heat
pump technology is about 60% of total energy
consumption. However, realization of this potential
requires, among other things, the use of modern
methods of complex analysis and diagnostics of
thermotransformation systems, on basis of which itis
possible to get the maximum energy-saving effect
with minimum financial expenses.

Objective. The objective of the authors is to
consider heat pumps in its application for heating of
industrial facilities and as a resource for energy
efficiency.

Methods. The authors use engineering methods,
comparative analysis, mathematical apparatus,
economic evaluation.

Results. To date, the efficiency of individual
components of heat pumps in some cases reached
such a level that an improvement in their designs does
not have a significant impact on improving the
efficiency ofthe entire system ofthermotransformation.
The main reserve of energy saving becomes a general
improvement of structural and parametric
characteristics, taking into account the relationship
and mutual impact of elements of the scheme.

The essential requirements for effective use of
heat pumps are presence of sufficient resources of
low-grade heat and the lack of restrictions on their
accession to the electricity grid.

At this stage there is no technical limitation on the
use of a heat pump, both by type and power, and a
type of the used low-grade heat. Their choice for
heating of production facilities is substantiated by
technical and economic calculations, depending on
the magnitude of the heat load of buildings, conditions
of their placement, accessibility and low-grade heat
source parameters.

Currently there is no single criterion (evaluation
factor), on the basis of which it would be possible to

uniquely identify the feasibility of the use of heat
pumps. Three factors affect the decision:
environmental, energy and economic.

The ecological factor is based on the analysis of
emissions in the atmosphere of heat and pollutants —
CO,, N,O, NO,, COand other hydrocarbons that affect
global warming. Note that this factor has been
proposed for the environmental assessment of
refrigeration and heat pumping equipment and
therefore it is based on the analysis of the harmful
effects of substances on the working environment
when they hit the atmosphere. It can be concluded
that the heat pump system (operating in failsafe
mode) has no emissions into the atmosphere, and
therefore is environmentally friendly for the user.

The energy factor for many years was the only
really formalized and widely used estimate. For
traditional heating systems — it is the efficiency (n),
for heat pumps — heat pump conversion factor (u). If
we consider that the value of the efficiency in the most
general case varies in the range 0 <n <1, and the other
value varies in the range 1 <u <, then it is
unnecessarily to explain the incorrectness of their use
ina comparative analysis of various heating systems.

Using the exergy efficiency it is possible to
objectively evaluate the effectiveness of any of the

q EPS
heating systems, e=—>,
EF
system’s product(heat produced), E_is exergy of fuel
of the system (primary fuel consumed) [4].

With the appearance of thermoeconomics
(exergoeconomics) as a tool, analyzing and
optimizing decision-making on the rational use of
heat pumps are significantly facilitated, since the
merger ofthe energy and economic factors reduced
the dimension of the problem being solved and
made it possible to formulate a definite answer
about the effectiveness of this or other heating
systems.

Conversion factor of the ideal Carnot cycle for
heating during the heating season when the mean
outside temperature is 277°K and temperature inside
the room is 293K is € =18,66. Heating systems with
heat pumps have a significantly lower conversion rate.
They cannot work with traditional heating devices
(radiators), using in most cases hot water with a
temperature 90°-110°C. Heat pump heating systems
with hot water temperature of 55°C have a conversion
factor, which is below the maximum permissible
values of cost-effective application. Therefore, the
economic effect of the use of heat pumps in heating
systems can only be achieved by using low-
temperature systems.

where E_g is exergy of
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Pic. 1. Schematic diagram of heat pumps and circular process in T, S-charts: CM — compressor;
C - condenser; E — evaporator; M — motor; CC — working body condensate cooler;
TR — throttle; SS — working body of steam superheater.

Heat pump is a device for transferring thermal T
energy from low-grade heat source (low temperature) — ty = T :T > (2)
to the consumer (heat carrier) at a higher temperature. e e

Thermodynamically a heat pump is a converted . .
refrigeration machine. If in the refrigeration machine ~ where T, T_are working body temperatures in the
the main aim is to produce cold through heat condenserand evaporator, respectively.
extraction from any volume by an evaporator and the _ The energy efficiency of the heat pump increases
condenser carries out heat rejection into the Withincreasing of condensation temperature and with
environment, in the heat pump the pattern is reverse. ~ décreasing of temperature difference between the
The condenser is a heat exchanger, generating heat ~condenser and the evaporator. This difference is
to the consumer, and the evaporator is heat deétermined by the temperature of the evaporator,
exchanger, disposing of low-grade heat: secondary ~ Whichinturnis connected to a lowtemperature source.

energy resources and (or) non-conventional Heat flow in the condenser is composed of the
renewable energy sources. heat flow in the evaporator and the cycle operation:
The heat pump operates as follows (Pic. 1). Heat Q.=Q+ L . (3)
from heat sensor (for example, the thermal energy of ~ Where Q, is a sum of the heat flow in the evaporator, kJ.
ground, safety waste streams or solar power) is Heat flow in the condenser is backed away with

supplied to the working agent in the evaporator. Asa ~ Water, which is used for heating and hot water supply.
result of supply of heat the working agent boils in the Thg heat flow for heating of industrial premises is
evaporator ata pressure P_and a temperature T,. The defined as

steam produced in the evaporator is supplied to the Q,=k- F ( THW_. T,A)' (4)
compressor. In the compressor working agent (vapor) ~ Wherekis coefficient ofhea tztr ansfer, W/m?, degrees;
is compressed from the pressure P, to the pressure Fis heating surface area, m* T ,,, T, are temperature
P._. The condensation temperature of the steam atthe ~ Of réspectively hot work in the heating system and air
same time, respectively, increases from T to T_. in the room. )

Because offriction and irreversible heat exchange Thus, it should be noted that in theory 100% of
compression process in the compressor 1-2 does  the thermal energy is used, with 25% of the energy
not coincide with isentropic compression 1-2'. Vapor ~ consumed by the compressor, and the remaining 75%
from the compressor enters the condenser (K), where ~ €xtracted from low-grade heat source (ground water,
as a result of heat conduction to the heat sink cooling sun). . . . i
of the working agent, and vapor condensation occur. For heating of premises with water with a
To improve the efficiency of the cycle internal ~temperature characteristic of the heat pump (50~
regenerative heat exchange is sometimes performed ~ 95°C) a developed surface of radiators or underfloor
between the flow of liquid working body (refrigerant) heating pipe system are necessary. Another possibility
in front of the throttle and the steam flow in front of ~ ©f the use of hot water, generated by heat pump
the compressor (via the working body condensate lnstal{atlon, is its use as a coolant in air heating of the
cooler CC). As a result of heat transfer liquid working ~ Premises. o )
body is further cooled (process 4-5 in Pic. 1), and its The decisive argument in justification and design
saturated steam is superheated (process 7—1). After ~ Of heating systems with heat pumps is a selection of
the cooler the liquid refrigerant passes through the @ low-grade heat source, its location and parameters.
throttle (TR), where as a result of the throttling the Low-grade heat sources for heat pumps can be:
pressure of the working agent falls from P, to P, and exhaust air, outdoor air, soil, wastewater, groundwater
the temperature drops and the liquid agent again and surface water and secondary thermal energy

enters the evaporator. sources of various origin.
The energy efficiency of the heat pump is The temperature of outdoor air as a source of
estimated with a conversion ratio low-grade heat is characterized by seasonal and
0 short-term fluctuations in temperature, which results
u=—= (1) in fluctuations in the heat pump mode, which reduces
L its effectiveness. The average level of the ambient
where Q_is heat flow in the condenser, kJ; L — work,  temperature effects the transformation ratio — the
spentin the cycle, kJ. lower is the temperature, the lower is transformation
For an ideal heat pump coefficient.
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Groundwater has a constant temperature and
high thermal characteristics. Using them as a low-
grade heat source seems to be preferable in view of
availability and apparent ease of the circuit of low
temperature (up to 50°C) heating, which consists in
supplying water to the evaporator of the heat pump
and its return through the corresponding holes. But
if the water is stagnant, mixing of cooled and ground
water can happen, i.e., degradation of thermal energy
source until the complete exhaustion.

Exhaust air is an effective and affordable for use
as a low-grade heat source in heating systems of
individual residential buildings. Exhaust air
temperature is stable during the heating season and
averages 18°C. The volume of exhaust air depends
on the purpose and the area of ventilated premises.

The soil of the upper layers of the ground, as well
as the outside air, is a heat accumulator of unlimited
capacity. The effectiveness of the use of ground heat
is mainly determined by the temperature mode of soil
in the annual cycle and depends on its composition,
humidity, air temperature, etc. Heat extraction
systems of the soil with the use of heat exchangers
made of plastic pipes of different diameters: horizontal
version (snake, hinges, etc.), stacked with a deep of
1,5-2,0 m into the ground and vertical (probes) — in
the boreholes of different depths are technically
possible. For estimations value of the specific heat
flow equal to 45 W per 1 meter length of the probe is
assumed. Due to the fact that every year the cooled
ground array area will increase, there is a question of
the extent of this process and its impact on the
environment.

Soil temperature relaxation time is approximately
equal to the soil cooling time used as a low-
temperature energy source for the heat pump system.
For example, if for the summer period (May-
September) to completely eliminate extraction of heat
from the ground, i.e., stay without hot water, then
almost complete relaxation will happen by October.

Wastewater is very promising, but so far little
used for heating low-grade heat source, because of
its biological and corrosive aggression, uneven flow
regime in the sewer network. However, we must
distinguish between the waste water of industrial
origin, the composition of which is more predictable,
and the wastewater of biological treatment. The
volume and temperature of industrial wastewater
depends on the technological process and the tap
water temperature. Therefore, the minimum
temperature of wastewater, to which it is allowed to
reduce itvia waste-heat exchangers must not be lower
than the temperature at which the mixed wastewater
enters the treatment plant in compliance with
regulations. Leaving with wastewater heat waste can
effectively be transferred with the help of heat pumps
to a useful temperature level. Wastewater with a
temperature below 30°C is of particular interest for
this purpose.

Water of recycling water supply. In most cases,
it serves to extract heat from technological equipment.
Of great importance is the choice of location in the
water circuit where the water is cooled so that the
manufacturing process is improved and thus it is the
heat source for heat pumps. Cooling with circulating
water is used in technological processes: in tower-
coolers to cool the condensers of refrigerating
machines, compressors, condensers of power plants,
etc.

Solar energy is used as a source of low-grade
heat through the use of concentrated and directly
absorbing solar flux solar collectors (panels). In case
of concentration of solar radiation high heat flux
density and correspondingly high temperature of the
heated body are received. However, the use of solar
collectors in winter and transitional periods in the
territory of the Russian Federation is very limited
because of low density of solar radiation, cloud cover,
low ambient temperatures, snowpack.

Conclusions. After examining the main provisions
of the application of heat pumps for heating and hot
water supply, as well as capacity and availability of
low-grade heat sources, it can be argued that the
effectiveness of the use of heat pumps, all other things
being equal, essentially depends on the ratio of the
cost of electricity and thermal energy in the region.
With a low cost of electricity and high cost of thermal
energy the use of heat pumps in heating system is
perspective.

Thus, heat pumps are an economical way of
heating of industrial facilities. Expensive heat pipelines
are not required. As a result, with only electricity and
water, using the heat pump it is possible to provide
completely autonomous development and
maintenance of the required microclimate at an
industrial site.
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