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NPEANUCNOBME K PYCCKOMY U3AAHMIO

CrpeMJIeHHe YMEHBIUHTb 3aTPAThl MEPBHYHON SHEPTHH
(noTpebieHHe TomynBa) Ge3 CHHXKEHHS WM JlaXKe ¢ YBeJIHYEHHEM OT-
Hayy dHepPrud KOHEUHOMY MOTPeGHTeNI0 3a cyer GoJee palHOHAJbLHOrO
cnocoba ee npeo6pa3oBaHus — IJIaBHAs TEHAEHUHs COBPEMEHHOH TeXx-
HHKH. DTO OTHOCHTCSL H K CHCTEMaM TeIUIocHAGXKeHHsd 34aHHil U mpo-
MEILJIEHHHX 00'bEKTOB.

OrjpaBasi’'B KOHEYHOM BHAe 3HeprHI0 B (HOpMe HH3KOTEMIIePATYPHOMH
renaoth (Boja Huxke 100 uan sosayx Huxe 50° C), 3tH cuCTEMH TO-
TpebJaSIOT AJS HArpeBa BBICOKOKAaUeCTBEHHOE TOMJHBO B KOTEJIbHBIX
¢ HarpeBoM npoAyKToB cropaunus fo 1500° C, au6o, uto ele 6oJice pac-
TOUHTEJIBHO, JIEKTPOIHEPTHIO.

Macwta6u 3arpar TOIVIHBA HA TelJIOCHAGKeHKe BEChbMAa BeJHKH —
GoJlee TIOJNIOBHHBI BCEr0 KOTEJNbHO-MEYHOr'o TOILIHBA. TepMoZuHHaMHYec-
KH PalHoHaJbHO PACXOAyeTCs TOJNBKO Ta ero 4acTb, KOTOpas ¢cXKUraercs
na temtosnekrpouenrpansax (T3Ll) — 3jgech B MakCHUMAJILHON CTEIEHH
HCIIOJb3YeTCs BHICOKOTEMIIEpATYPHOE TEIVIO NPOAYKTOB CrOpaHHs Js
BhHIpAOOTKH 3JEKTPOIHEPTHH, a JAJS TEMJIoCHaGKEeHHS -—— TEIJIOHOCHTENb
TOH TeMmeparTyphl, KoTopas 6/4H3Ka K Heo6XOAHMOH 1J5 OTOIVIEHHS.

OZHaKo BO MHOTHX cJaydasix Hcmosab3oBanne TOLL Moxer 6blThL He-
pauHoOHAJBHLIM. TaM, rie MOTpeGHTENH TEMJIOThl PACCPELOTOUYEHB!, TIe
He MO3BOJIAIOT NPHPOAHbIE YCJIOBHS, OCHOBHBIM HCTOUHHKOM TEIJIOTHE
OCTAKTCHA pas3/HUHble KOTeJbHBIE H NeYH — OT HHAHBHAYAJILHBIX BHYT-
PHAOMOBHIX Ieuell 710 KpyIHHEIX PaHOHHBIX KOTEJIbHBIX, a TaKkKe pasand-
HBIE 3JIeKTPOHarpepalenbHbie npHOGOpH. TemroBo HacoC MpH3BaH
B MaKCHMAJEHOH CTeleHH 3aMeHHThb OTONUTEJNbHEIE OTHEBbIE H 3JEKTPO-
HarpeBaTeNbHBE YCTAHOBKH.

PasBuTHe TeNNOHACOCHBHIX YCTAHOBOK INPOHCXOJHT B HAacTOsllee
BpeMs cTpeMuTeabHO. Ha Hamux riasax M3 CylecTBYIOIlell B TeueHHe
100 ser 3araziky TepMOAHHAMHKH OHHM CTAHOBSITCA PACNpOCTPaAHEHHBIM
cpeAcTBOM TelsocHaGxkeHus. Ecay B HacTosilee BpeMsi OTONHTENIbHBIX
TEIVIOHACOCHBIX YCTAHOBOK JJSI 3HAaHHH MHUJIJIHOHBI H TIPOMBILIJIEH-
HBIX — THICSIYH, TO B GaHXKaijiline OAHO-ABA AECATHJIETHS HX KOJHYECT-
BO BHIpacTer elile B 10 pas, a 061asg MOIHOCTB, II0 NPOTHO3Y TeXHHYe-
ckoro komureta MUP3K 1o tensoseiM HacocaM, cocraBut K 2000 r. o
50 g0 150 man. xBT.

Ilpensiaraemas KHHra MOKa3hIBAeT, YTO TEINIOBOH HACOC HAXOAHTCS
B 1leHTPe BHHMAHHS 3apyOeXKHHX HCCIeLoBaTeNell H NPOMBILIJIEHHBIX
dupM. JTo BaxHas 067aCTh AEATEIbHOCTH AJS MAUIHHOCTPOHTeJel H
3HEPTEeTHKOB, AeflCTBHTEJLHO 1103BOJAIOIIAN obeciieydBaTh TellJIOCHA0-
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KeHHe ¢ MUHHMAJNbHEIMH 3aTPATAMH NEPBHYHOH 3SHEPIHH M BHITeCHE-
HHEM OpPTaHHYECKOro TOIIHBA,

OTHOCHTENBHO TEePCNeKTHB NMPHMeHeHHs TEeIVIOHACOCHBIX YCTAHOBOK
B CCCP moxno orMeruth caenyiomee, Mcropuueckn cloXHAOCH TaK,
y1o B CCCP noayuni mwupouafinree npuHMeHeHHe TOJLKO OAHH H3 CIIOCO-
60B 3HepreTHueckyu 3¢dEKTHBHOTO TEIJIOCHAGXKEeHUS] — KOMOGUHHUPOBAH-
Hast BHpaboTKa TEIVIOTH H 3JeKTposHepruu Ha TILL (temnodukauus).
Macurra6u renodukauun 8 CCCP Bhie, uem BO BCex 3apyOexHBIX
CTPaHaX, BMeCTe B3ATHIX.

TensnonacocHsle YCTaHOBKH C 3JEKTPONPUBOAOM MOKHO pacCMaTpH-
BaTh B TEPMOLHHAMHUECKOM CMBIC/Je KaK PA3HOBUAHOCTB TellopHKA-
IHH, T. €. BBLAAUy M0JE3HOH TEIVIOTH He 3a CYeT HeJOOTHYCKa 3JeKTpo-
3HepTHH, a 3a cyer ee norpebienusi. B CCCP onu eme Mano pacipo-
crpaHeHb. OIHAKO HMeercss MHOrO BO3MOXHocrell ux 3ddeKTHBHOrO
IPUMEHEHHs, B OCHOBHOM JAJIs1 YaCTHUHOH 3aMeHBHl KOTeJbHBIX H4 Opra-
HHYECKOM TOINIHBE, & TaKXKe C HCMOJb30BaHHEM COpPOCHOrO, TreoTep-
MAaJBHOTO HJIH COJTHEYHOIO Tela.

Oco60o caelyer OTMETHTL TeIJIOBble HACOCH, IOTpebagiomne He
3JIEKTPO3IHEPTHIO, a ra3 (a6copOLUHOHHBIE H KOMIIPECCHOHHEIE C [a30MO-
TOpHBEIM npuBojgoM). OHH moApoOHO ONMHCAHH B NpeAnaraeMoil KHHTe.

ApTopH CcHA6AWIH KHHTY OBLWUHPHON GubIHOrpadHel, 1 B 3TOM TaK-
Ke ee HeCOMHEHHOe AOCTOHHCTBO. BHI3BIBaer coXaJieHHe JHIIb OTCYT-
CTBHE OTEUECTBEHHHIX PaBOT IO TEIVIOBHIM HacocaM. XOTsl IpaKTHue-
ckoe pasBuTHe TemiIoBhX HacocoB B CCCP eme ycrynaer 3apy6exHo-
MY, MHOTHE OCHOBOIIOJIaTalolilie paboTH OBLIH CAeNaHH H ONyOJHKO-
BaHbl HMeHHO B Hawel crpane [1—10].

Cpean HHX cJaelyeT OTMETHTb pPAaGOTHl H3BeCTHOro (hH3HKa
B. A. MuxenbcoHa, koTophiii B 1920 r. paspaGoTtan noApoGHEIi NPOEKT
NapOKOMIIPECCHOHHOH TEIVIOHACOCHOH YCTAHOBKH C aKKyMYJHpPOBaHHEM
coJiHeyHoro temia B rpyHre [11.

3acayxuBaer ocoboro ynoMHHanus pa6ora B. A. 3bicuHa, rRe
IpejJIoKeHa CXeMa TEIJIOBOro Hacoca ¢ ra30MOTODHBIM NPHBOAOM.

B [7] 6bu1n Bueppble IpPOBEAEHH MOLPOGHBE pacyeThl TEMJIOHACOC-
HBIX VCTAHOBOK IJSI IEHTPAJH30BAHHOTO TEMVIOCHAGXKeHHs: ¢ MHKOBHIM
JIOTPEBOM I0aBaeMoil BOAK B OOBUHBIX KOTEJbHBIX H NMOKAa3aHH BO3-
MOXHBEEe 00beMbl BHITECHEHHS] OpPraHHYeCKOT'0 TOIVIHBA B I'OJOBOM
paspese.

Iupoko npuMeHsieMble B HACTOsilllee BpeMsi NPOMBILIJIEHHBE Tell-
-JIOBBIE HACOCHl OTKPHITOIO LHMKJA JJIs MOJYYEeHHS OCTPOro mapa ¢ Io-
MOLIBIO CXKATHH B KoMIpeccope cOpPOCHOro mapa HHM3KOrO jlaBjeHus
(MX B MHpOBO# TexHHKe y¥ke 6osee 700) paccMmatpuBajucsh B [8].

KoHlennus KpymHBIX TEIVIOHACOCHHIX CTAHIHH H MaHEBpeHHHX Tell-
aoHacocHbix TILL chopmynnposana B [11]. [auTeNbHO H YCIEIIHO
pafoTaioniie COBeTCKHE TEIUIOHACOCHBIE YCTAHOBKH, KaK Ha MOpPCKO#
BOJe B CHCTEME TEIVIOXNAL0CHAGKEHHUS 3[MaHHUA, TAK H NPOMBIILJIEHHAs
IJs Ipolecca CyUKH, onucaHs B [12].

BonpocH 3KOHOMHKH, BecbMa BaXKHHIe AJs1 NPHHATHSA DEIIEHHA ©
IPUMEHEHHH TEMJIOBBIX HACOCOB, HO HEJOCTATOUHO OCBelleHHbIe B NIPel-
JaraeMo#t KHure, 6oJiee moapo6HO paccMOTpeHH B KHHre «I[lapokomi-
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peccHoHHble TemfoHacocHnte  yeranosku» E. M. Sdurosckoro u
0. B. llycrosanosa (M., Dneprousgar, 1982).

Ilpexnaraemast BHUMAHHIO YHTaTe/Nedl KHHIA JaeTr NPeACTABJEHHE
06 HcTopHH pa3palborkH, HDH3HUECKHX NPHUHIHMNAX H OCHOBHBIX CXeMax
NpHMeHeHHs TEIVIOBHIX HACOCOB, a Takxke 00 YpOBHe DAas3BHTHA 3TOH
TeXHHKH 32 pyb6exoM.

OCHOBHOe JOCTOHHCTBO KHHTH — OIHCAHHE peaIH30BaHHHIX CXeM
TEeMJIOHACOCHBIX YCTaHOBOK.

HecoMHeHHO, 4TO 3HAKOMCTBO COBETCKOrO YHTATEJs ¢ LAHHOH KHH-
roii 6yJeTr mMoJIe3HBIM H JACT HOBBHIE HMIYJbC IMHDOKOMY INpHMEHEHHIO
temyioBeix HacocoB 8 CCCP.

E. H. fInroscruil
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NPEAMCNOBUE

Heo6x0anMoCT S5KOHOMHH 3HEPTHH XapaKTepHa A
Halell MOBCeAHEBHOH XKH3HH — AOMA, B YUPeXKJEHHSX H HA IIPOH3BOL-
ctBe. CTpeMJjende palHOHAJBHO PAaCXOAOBATH IHEPTHIO COMHAKAET Ha-
poias — 3TO BHAHO MO JesiTedbHocTH MeKAyHapojaHoro 3sHepreruyec-
xoro areHrcrsa H EBpomnefickoro skoHoMuueckoro coobiecTsa, huHaH-
CHDYIOIIHX COBMECTHBIe 3HEPTreTHUEeCKHe IIPOEKTHI.

OznHuM U3 yCTPOHCTB, CMOCOGHBIX BHECTH CyIECTBEHHEBIl BKJAAaX B
9KOHOMMIO 3HepTHH, sBJserca TemoBoli nacoc. IloBbiuieHne norenuua-
Ja (TeMIepaTypbl) HHU3KOIOTEHIUHANBLHOTO TeIlIa NO3BOJISET IPHBJCYD
«HOBBIE» HCTOYHHKH, TaKHe KaK OKPYXaIOUUH BO3AYX, a TakKXKe cbpoc-
HOe TeIl1o, KOTOPOoe Heab3sl GBIIO HCIOJAb30BATh H3-34 €ro HH3KOH TeM-
nepatypH. TemaoBoil HACOC CYLIECTBEHHO PACIIHPSET BO3MOMXHOCTH
IpHMeHeHHs HH3KONOTEHUHAJbHOH SHEPrHH 3a CUeT 3aTPaTHl HEKOTO-
pOH HOJIH 3HepPI'HH, MOJHOCTBIO IIpeBpaliaeMoil B paboty.

Hazneemcs, uto 3Ta KHHra, ONHCHBAWIIAS COBPEeMEHHOE COCTOSIHHE
KOHCTPYUPOBAHHS. H IIPHMeHeHHs TEIVIOBBIX HACOCOB, 3aHHTepecyer He
TOJBKO Y3KHX CIEIHAJHUCTOB, 3aHUMAIOUHUXCA OTAeJbHBIMH BOIPOCAMH
TEMJIOHACOCHON TeXHHKH, HO M IIHPOKHH KPYr BO3MOXKHEIX moTpebHTe-
Jell — pYKOBOANTeNell TpeANpUSITHH, KeJaIOIHUX IOBBICHTE HCIOAb30-
BaHHe HH3KONOTEHIHAJBHOTO TeNJa B TeXHOJOTHH, apXHTEKTOPOB, CO3-
JaIMX 3ZaHHS ¢ TNOHHIKEHHbIM nortpeblieHHeM 3SHEPrHH, OPOACKHX
PYKOBOAMTE/NH, KeNaolluX co31aTth ¥y cebs IeHTPH OTAbHXa W IJaBa-

TeJIbHBle GaccefHHl.
. Maxmaiika

. Peii



BBEAAEHME

TenuoBo#t Hacoc, H306peTeHHe onHOM U3 GopM KOTOPO-
ro NMPHHAAJEXKHUT Jopay KenbBHHY, TEpMOAHHAMHYECKH HJAEHTHYEH XO-
JOAHJILHOR MallHHe. BoNbUIMECTBO KBAPTHD, IHILEBHIX CKAA0B H KPYI-
.HBIX OOGIIeCTBEHHBIX 34aHH# B IPOMEIIJIEHHO PA3BUTHIX cTpaHax o6opy-
JIOBAHO XOJOAMJIBHHKAMH H BO3AYIUIHBIMH KOHAHIIHOHepaMH. [T puHisIy-
aJbHOe OTJHYHE TEeNJOBOT0 HACOCA OT XOJOAMJIBHHKA COCTOHT B TOH
POJIH, KOTOPYIO OH HIpaeT y norpeburens. XoJMOLHABHUKH H BO3AYHIHBEE
KOHAMIIHOHEDH MpelHa3HAUeHbl JJIs OXJaXK/JIEHHS, TOTLA KaK TemIoBOH
Hacoc — 1Jis HarpeBa.

Kak 6yner nokazaHo HHIKe, HMEETCS MHOTO KHWI 10 TeIJIOBRIM Haco-
caM, 6oJblIast 4aCTh H3 HHX HAIHCAHA HECKOJbKHMH JeCATHIEeTHAMH
panee. JIuTepaTypa no TepMOIHHAMHKE, KOHAHUHOHHPOBAHHIO H AaxKe
HPOMBILIVIEHHON TeXHOJOTHH NeCTPHT YIOMHHAHHUSMH TeIIOBHX HAacCo-
COB, YHCJO NeHACTBYIOIHX arperatos cemusHayno. OJHaKo TPHHIHN
JNeACTBHSA TeIJIOBBIX HACOCOB MJISi HEKOTOPHIX IO CHX IIOP TAUT H3PSHYIO
JoJ1o TafiHbl, H OLHA H3 IVIABHHIX IleJell npeajaraeMofi KHUT'H COCTOHT
B NIPeOJIOJIEHHH CYUIeCTBYIOHIero 6apbepa K ero MOHUMAHHIO H NMpHMe-
HEHHIO.

Cpenn pasaHyYHBIX THIIOB TEIJIOBBIX HACOCOB HamboJblee pacnpo-
CTpaHeHHe TOJYUHIH TapOKOMIIpeccHOHHble. EHHHYHBIE MOIIHOCTH CO-
CTaBJSAIT OT HECKOJIBKHX BATT 0 HECKOJbKHX MEraBarT, IPHBOL KOMII-
pPeccopoB OCYIIECTBJASETCH KaK JEKTPOJBUIATENSIMH, TAK H TEIJIOBHIMH
JABHraTe/NSIMH BHYTPEHHEro M BHelllHero cropanus. Pa3Hoo6pasHbl Tak-
e H THIB NPpHMEHSIeMBIX KOMIIPeCCOPOB.

Enuncreennoe pocagsoe o6CTOATENLCTBO CBA3AHO C HAJEXKHOCTHIO
TemnoBBIX HacocoB. Onbir konna 50-x u navaaa 60-x ronos 8 CIITA u
EBpone BhIsiBHJ HOJIOMKH OTAEJAbHHX gacTell H OTHOCHTENBHO BLICOKYIO
CTOMMOCTb arperaToB, 4TO MOPOJHJIO pa3odapoBaHHe B TEIJIOBHIX HACO-
cax. Temeps TPYAHOCTH B OCHOBHOM IIPEOJNOJEHH — HAJeKHOCTb BMECTe
¢ o6cayXXKHUBaHHEM Ha JIOMY CTaJ¥ OCHOBHBIMH ¢akTOpaMH, obecneynsa-
IOUIUMH NPOJAXKy arperaTos. B ¢Bsi3u ¢ BaXHOCTbIO NpobiieMBl HaJeXK-
HOCTH CNlellHaJibHAas IV1aBa MOCBsAlIeHa npo6jeMaM KOHCTPYHPOBAHHSA.

Passurie TensoBex Hacocos 0COGEHHO NMPOABHHYJAOCH NOJ BJIHAHH-
eM 3HepreTHYeckHx TpyaHocteli 1973 r. Bnaronaps BO3MOXKHOCTH 3KO-
HOMHH 3HepTHH, YTO ABJseTCS OCHOBHHIM Ha3HaueHHeM TEIJIOBOTO HACO-
ca, X OpHMeHeHHe pacuinpuiaock. OHH HCNOMB3YIOTCS B XKHABIX H 06Ille-
CTBeHHbIX 3IaHHAX, a TAKXKe B MPOMBILJIEHHOCTH. PasBHTHe TeIJIOBLIX
HACOCOB CTAHOBHTCS NMpeAMETOM AesATeJbHOCTH HAaUHOHAJbHBIX NPaBH-
TEJbCTBEHHBIX H MEXK/AVHAPOIHBIX OpraHH3allu.
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B ru. 1 KHHrH KpaTKO YIOMHHAIOTCA HCTOPHYECKHE BeXH paspaboTKu
H IPHMeHEeHH s TEIVIOBbIX HACOCOB. 3aTeM OMHCAHBI Pa3JIHYHbE TEIVIOHA-
COCHBIE IHKJB H HX TEOPHS, NPEHMYUIECTBEHHO 151 apOKOMIIPECCHOH-
Horo Tuna. B 1. 3 paccMoTpeHBl OCHOBHBIE KOMIIOHEHTH YCTaHOBOK,
IPHUBOJ, KOMIIPECCOpP, TEMJIOOGMEHHUKH H T. Il. BMECTe C IPAKTHYECKHMH
peKOMeHAAIMAMH 110 HX BHGopy. I'y1aBa 4 nokaswBaeT BaXXHOCTh BCIO-
MOTaTeNbHBIX 2J1EMEHTOB YCTAHOBOK, OKA3BIBAIOMIUX CHJABHOE BJHSHHE
Ha HaJeXHOCTb H, CJIeJOBATEbHO, MacIITa6H NPHMEHEHHS TeIJIOBHIX
HAacOCOB,

MHoro BHUMAaHHS B KHHTe YA€JeHO NPAKTHYECKOMY HCIOJb30BAHHIO
TelJIOBbIX HacocoB. Ileppag u3 o6sacTell LIHPOKOTO NpUMEHEHHs — J0-
MalllHee OTONJIeHHEe H TOpsiuee BOLOCHAGXKeHHe, a TAKXKe HCII0Jb30BaHHE
c6pocHoro temna (ra. 5). [Toapo6Ho paccMOTPEHE BO3MOKHBIE BHELIHHE
H BHYTpeHHHe HCTOYHHMKH Temsa. Hapsay ¢ yXKe BBIIYCKaeMBIMH yCTa-
HOBKaMH, HAXOASUIHMHUCS B IIpOJlaxke, ONHCHBAIOTCS COBPEMeHHBle HC-
cJieloBaTeNbCKHE H KOHCTPYKTOPCKHE NpopaboTKH,

B ra. 6 u 7 onucaubl NpHMeHeHHs B OOLIECTBEHHBIX 3[JaHHSX H NPO-
MBILTeHHOH TexHosorud. IloguepkHyra O6UIHOCTD NPHHIHIOB XOJO-
OHJBHBIX MAIUHH H TEIVIOBBHIX HACOCOB H OGCYXKIEeHBI MYyTH HCHOJB30Ba-
HUSA TeNJa XOJOLUIBHBIX YCTAHOBOK.



Fnasa 1

MCTOPMUA TEMNOBLIX HACOCOB

TensoBoit Hacoc xoAroe BpeMs OCTaBaJCsi TePMOARHA-
MHYECKOH 3araikod, KOTOpOH HHTEPECOBAJIHCh TOJbKO MPENOAABATENH
H HceaenoBateau. B macrosilell riiaBe onucaHa HavaJbHas CTajgHs HC-
CJIeIOBAHHIT H HCTOPHSI <YMHOMKHTEJsS Temaa» Jopha KelbBHHA.

1.1. AEBATHALIATbIA BEK

IIpunuun temsioBoro Hacoca BHITeKaeT H3 pabor KapHo u onucauus
nukaa Kapuo, ony6aukosaguoro B ero aucceprauuy B 1824 r. Ilpakrtu-
4ecKyl0 TEIVIOHACOCHYIO cucTeMy npeanaoxun Buabam Tomcon (Bmoc-
aepctBud — Jopa Kenbsuu) B 1852 r. Ona 6mla HasBaHa yMHOXH-
TeJleM TellJia M TOKAa3hiBaja, KAK MOXHO XOJOAWJIbHYIO MallHHYy 3¢-
(beKTHBHO HCIOJNB30BATL HJs Iedel oromieHHs. B obocHoBaHHH CBO-

4575 M
4] oK 7

Puc. 1.1. Cxema «yMHOXKHTeNS Tensa»
Tomcona.

1 — oKkpyXaowuft BO3XYX; 2 — BXOZHON LH-
JHHAP; 3 — TeNNOOOMEHHHK; 4 — NPHUBOX; § —
napoBasi MallHHA; 6 — BHXOAHOR NHAHHIpD;
7 — oGorpepaeMoe NOMeUIeHHE,

ero npeanoxeHus TOMCOH YKashlBaJ, 4TO0 OTPaHHYEHHOCTb SHEPTETH-
YeCKHX PecypcOB He TIO3BOJIHT HelpephIBHO CXKHTAThb TOIVIHBO B Meyax
/sl OTOIIEHHS H UTO €ro YMHOXHTENIb Telia 6yaeT moTpebasiTb MeHb-
Hie TOIJIHBA, YeM oOBIuHBle meuH [1].

Kaxk Buano us puc. 1.1, npepjoxennblii TOMCOHOM TemIoBOi Hacoc
HCMOJIb3YeT BO3AYX B KauyecTBe paGouero Tesa. OKpyXaIIHil BO3AYX
3acachlBaeTcs B LIMJIHHAP, PACHHUPSETCS H OT 3TOr0 oxJAaxjaaercd, a
3aTeM NPOXOJHT yepe3 TEMJIOOOMEHHHK, T/le HarpeBaercsl HapyKHHM
pozayxoMm. Ilocne cxkatus po arMocdepHoro gapnaeHHs BO3LYX H3 IH-
JUHApPA mocTynaer B o6orpeBaemoe noMelleHHe, 6YAy4H HATpeTHM 10
TeMIepaTyphl Bhllie OKPYKaloUeH.

Ecry mannbie o ToM, yto pakTHUeCKH peasu3oBaHa NoioOHas Ma-
wxHa 6nia B Ulpefinapun [2]. Tomcon 3asBHI, yTO €ro TennoBol Hacoc
cnoco6eH 1aBaTh HeOOXOAHMOE TEIVIO MPH HCHOJAb30BaHHH TOJbKO 3%
3HEpTHH, 3aTPAYHUBAEMON Ha HpPSIMOE OTOIVIEHHe.
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1.2. ABAALUATBIA BEK

XoaoaunbHHe MaUIMHBL pPasBHBaJHCh yiKe B KoHue XIX B., HO
TENJVIOBHIE HAcOChl MOJYYHJIH OEICTpoe pa3BuTHE Julb B 20-X u 30-x ro-
Jax, Korfa B AHIVIMM 6bla CO3/laHa NepBasl TEINIOHACOCHAS YCTAHOB-
ka [3]. Xonasiin onucan B 1930 r. HcnBITaHHMe AOMalliHEro TEIJIOBOTO
Hacoca, NPeAHa3HAYeHHOro AJS OTOIVIEHHS H TOPSYEro BOJOCHAGKe-
HHS H HCMOJb3YIOIIEro TEIJIO OKpyKalolllero Bo3Ayxa. Ilocae sroro
navaauch paborsl B CIIA, npusepuine K CO3MaHHI0 AEMOHCTPAIHOH-
HBIX ycTaHOBOK [4], Ho o 3To# cTaaun GHJIO JOBeLEeHO CPAaBHHTEJIbHO
HeMHOTO NIPOEKTOB, TaK KaK BCe OHH MMEJH JHIUb yactHoe duHAHCH-
poBaHue.

IlepBas KpymHast TeWIOHAcOCHas ycTaHoBKa B EBpone Gnlsiia BBe-
nena B pefictBue B llopnxe B 1938—1939 rr. B Hefi HCIoAb30BaMKCh
TEIJIO PeyHOH BOAH, POTAIHOHHHIH KoMilpeccop M xJaajoarest [5]. Ona
ofecrneunBasa OTONJEHHE DATYIWH BOAOH ¢ Temmepartypoit 60° C mpu
mouHoctH 175 kBt. HMenach cucreMa axkyMyJaHpOBaHHS Temaa
C 3JeKTpoHarpeBarefeM MJs NOKPHITHS THKOBOH Harpysku. B JerHue
MecsIIhl YCTaHOBKA paboTalia Ha oXJaxkJAeHHe. 3Ta H APYrHe WiBeAnap-
CKHe YCTaHOBKH nepeuHciensl B Ta6a. 1.1 [6]. Llens cospanus atux yc-
TAaHOBOK — COKpallleHue noTpebieHus yras B crpaHe. Hekotophe H3
HHX ycHelwHo paoraioT Gojee 30 aer.

Ta6auta 1.1, INepsue TennonacocHsie ycTaHoBku Lisefinapun

k) g
‘3 2 Temnepa-
3 Hcrounuk Tenna MecroHaxoxnenne g ;§ ggai:gé ITpuMenenue
3] 28 |cpean, °C
(241 ==z
1938 | Peunas Boja ITopux 175 70 Oronnenue
1939 | Bosayx Lopux 658 | 30—40 | KoHauuuoHHpOBa-
HHE BO3JyXa
1941 | Peanas u c6poc-| Llopux 1500 | 23—45 | IlnaBaTenbHH
Has Boia 6acceitn
1941 | Bona u3 o3sepa CkekGopH 1950 70 TexHoJorHYecKoe
tenso Ha ¢abpu-
Ke  HCKYCCTBEH-
HOTO LIeJIKa
1941 | Bosayx Jlangkapr 122 — Cywka Ha Gymax-
Ho#t (dabpuke
1942 | Peunas Boaa Iiopux 7000 70 OTornerne
1943 | Peynas Boaa 1Tropux 1750 50 OTonnenne
1923 — Hlonensepa, 250 50 Konauuyuonupona-
HHe BO3[AyXa Ha
o6ysnoft ¢abpu-
) Ke
1944 | Bona u3 depmen-| Jlaprenrans 140 45 Harpes H oxaax-
’ TAUHOHHOIO TOA- JeHue IIHBOBA-~
Baja DEHHOTO 32BOAA
1945 | Bona us osepa Jlyrano — — OTtonnenne
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1.2.1. NEPBHIE TEMJIOBHIE HACOCH B AHIIHM

IlepBbifi aHIVIHACKHA TemOBOH HACOC AJsi KPYIHOTO 3ZaHHS 00be-
mom 14 200 m3 6u1 ycranosiaen B Hopsnue [7], ero cxema nokasana
Ha puc. 1.2,

Hcrtounnx temna — peunas soZa. TeMmmeparypa moiaBaeMoili BOJbI
50° C. XnagoareHTom 6bl1a ABYOKHChH cephl, KosddHuuuent npeobpaso-
Banus (KOII) (cM. onpeaenenue B ri. 2) okomo 3. HcnoabsoBaiu
6LIBIIMH B ynoTpeGaeHHH KoMmpeccop Bbinycka 1926 r. ¢ pemeHHO#R
nepefadeii OT 3JeKTPOMOTOPA MOCTOSIHHOI'O ToKa. B 3aBucHMocTH OT
HapyXHHX H BHYTPEHHHX ycJIoBHH mnoTpebisiiach MoliHocTh 40—
80 xBrT.

Puc. 1.2. Cxema TensioBoro Hacoca CaMmHepa AJis HOPBHUCKOH 3/eKTPOCTYKOHL

1 — pexa; 2 — BopsioRt Hacoc; 3 — peynast Boja 4,5°C; 4 — Harperas Boxa 50 °C; § — o6paTHas
BoZa 44,5°C; 6 — c6pocHas Boaa 3,3°C; A — ucnaputenb; B — xouAeHcaTop; C — KOMIPECCop:
D — gpocceds.

B ncropnueckux o63opax uallle yNoMHHaeTcs Apyras TeloHacoc-
Has# ycTaHOBKa B AHIvinM Ha HaGepexuoit TeM3n B JIoHIOHE, B KOH-
uepTHOoM 3ale «Pofisn dectusan xoma» [8]. Dra ycraHoBkKa Takke
Obljla 3KCHepHMeHTAaJJbHOH, NpeAHa3HaueHHOH [JA OTOMVIEHHS 3UMOH
H OXJaXJIeHHUs JIeTOM, ee TemaoBas MouIHocTh 2,7 MB1. ®aktuueckas
NHKOBAs TelJOBas Harpys3ka AJis 34aHHs Obuia npeyBenuuena. Mcrou-
HHK Telja — BoJAa B leM3e, TeMneparypa mnopaBaemoii Boanl 71°C.
B pexnme oxaaxaenns nogasanach Boga ¢ temneparypoit 4° C. Ilpu-
BOJHOH nBurarteip «Rolls-Royce Merlins nepesefeHHBbIl Ha TOPOACKOMH
ras, MouHoctbio 522 xBt. LleHTpoGexHBIi KoMIpeccop Obl CO3MaH H3
TypOOHAaTHeTaTes BO34yXa B ABUTATEb.

Tenso o KoHAeHCATOpa TEIJIOBOI'O HAcoca JAOHOJHAJIOCH NOCTYIJIe-
HHEM Tellia OT CHCTEMBI OXJAXKAeHHA Ta30Boro Apuratess. B xauecrse
XJajoarenta npumener R12, gmocturuyr kosdduunent npeobpasopa-
Hus 5,1 u xoadbduuuenr nepsuunon sueprun (KIID) (cm. ra. 2) ycra-
HOBKH Tnpubauxkagics K 1,5. ¥YcranoBka okKas3ajach HE3KOHOMHUYHOM,
YacTHYHO W3-33 IIOBBILIEHHBIX 3KCIVIYAaTAlHOHHBIX PacXOA0B, HO B OC-
HOBHOM H3-33 H3JIHIIECTB NpPH NPOEKTHpOoBaHHH. KamHTanoBloXeHHS
cocrasuin 103200 ¢. cr. (B nemax 1953 r.), Toraa xak npu npasBHIIb-

— 11—
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HOM BBHIGOpe Harpysox oHu cocrapuau 6ni 52 500. Xapakrepucrtuxu
3TOH M APYrHX aHIVIMACKHX YCTAHOBOK IpHBedeHH B Tabnu. 1.2

OnuH 3 nepBHX ycnelHo paboTaBIIHX LOMAlUHHX TEIJIOBEIX Haco-
coB ycraHosua B cBoeM AoMe Camuep [10] — xoHcTpykTOp OnHcaHHOR
Bhillle ycTaHoBKH B Hopsuue. OfHOSTaXHBIE J0M HMeJ XOPOIIYIO Tell-
JIOH30JAHMIO ¥ HOJHOCTBIO OTANJHBAJCS TeIoBHM HacocoM. CHauyadna,
B IepBble I'OABl IKCIMIYATAllMH, HCTOYHHKOM Tenlaa OBl BO3AYX, a 3a-
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Puc. 1.3. O6mas cxema ycranosk¥ Hadounp xonnemxa B Oxcdopre.

I — nopaBaeMast H o6paTHast BOXa; 2 — pPaZHATOPH HOPMAJBLHON TeMmmepaTypel; 3 — paAHaTOPHl
NOHHXKEHHOfi TeMNepaTypsl; 4 -— BCTPOEHHBIe NaHeNH; & — ropsivee BoRocRaGxKeHue; 6 — HacoC;
7 — GafimacHBIf KaanaH; 8 — TenNOOGMEHHHMK; 9 — KoHAeHcaTop; [0 — TpyGONpOBOL HAarpeToro
rasa; /] — rnaBHBI DHPKYNSUHOHHHA Hacoc; /2 — KOTeN, HCMOMBL3YIOULHA TENNO ABHrates; 13 —
nepeoxNafHuTeNb; [4 — IH3eJAbHEIX ABHraTteds; /5 — JHHHA BCaCHBaHHN; /6 — KoMmnpeccop; [7 —
HAacoC oxJaxpalolleft ABHratedb BOXbl; [8 — Hacoc Hcnapurenst; I9 — neperpesartesb; 20 — Apoc-
CeNbHBI KaanaH; 2/ — HCNapHTeNb; 22 — KOaKCHAAbELI} TelJooOMeHHHK; 23 — c6poc; 24 — KaHa-
AH3anHs; 25 — Gafinac; 26 — manoprbfl TpyGonposox; 27 — OTCTORHHK; 28 — Hacoc CTOYHON BOAHL

TeM — NOA3eMHH TemI006MeHHHK, HCHOJbL30BABUIMA TemIo TI'PyHTa
Ha rayGuHe 0KoJo 1 M. B KOMHaTH Tem1o MOCTYyNaJjao N0 MEeIHBIM TPy6-
KaM, BMOHTHPOBaHHHM B GeroHHb# nod. Kosddumuenr npeobpasona-
HHA coctaBiaser 2,8, U YCTAaHOBKA HOpMaJbHO paboTaer B HacTofllee
BpeMsl.

B 50-e rogn 6blI0 BHOYHIEHO MHOI'O MEJKHX TEIVIOBBIX HAcOCOB
IoMaluHero MpHMeHeHHs (CM, ycTaHOBKY Jlykaca B ria. 5). HanGonee
NOAPOGHO ONMHCAaH XOJOAMAbHHK-Harpepatear Peppantu [11], ocymect-
BJAIOHIMH OMHOBPEMEHHO OXJaXKAeHHe NHINEBOH KJAaA0BOH H mojpady
OTBeleHHOI'O Telvia NpPY MOBLIIIEHHOH TeMNepaType AJisl Harpesa BO-
OBl AKKyMyJaTOpOM Temsa cl1yXuia 6ax na 136 71, HarpeBaeMblit 3uMOH
MmoutHoctbio 0,7 KBT H JeToM B XapKhe MeCsAln MOIHOCTBIO 1,3 KBT.
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"MowmHnoers Komupeccopa 400 Br, TemnmepaTypa KAagoOBKH CHHXKAaeTcs
B cpeaneM Ha 11° C. MHTepecHo, uto ycranoBka crouna 141 ¢. cr., HO
OHa Gbljla B TO BPEMSA OTHeCeHa K NPeIMeTaM POCKOLIH H Ha Hee IIPO-
H3BeJeHa HaleHKa Ha 60%, 4To OTHYrHYJ0 BO3MOXKHBIX MOKymateseil.
OaHako Te YCTAaHOBKH, uTo GBIM NPOAAHB!, paboTajn XOpOLIO.

Tensosoit Hacoc B Hadduan roaneaxe (Oxchopn), koTopHil ente
CYIIeCTBYeT, XOTA H He paboraer, 6bu1 3ampoekTHpoBaH B 1954 r. [12].
Hcrounnk rensia — cTounble BoAwl ¢ Temmepatypoit 15—24° C. Tlpuson
KoMIpeccopa oT ausens moiHoctbio 31 xBrt, o6umit KOII cocrasaser
okoqo 4. CxeMa npusenena Ha puc. 1.3. CrouMocTh Temsa, L1aBaeMoOro
3THM TEIJIOBHIM HAacocoM, Oblila CONOCTAaBJEHA CO CTOHMOCTBIO TeIlla
OT KOTeJbHOi H TelJIOBOrO Hacoca ¢ 3JekTponpHBogoM: 2,4, 3,15 u
3,8 nedca 3a 1 MJIx cooTBercTBeHHOo (Bce B UeHax 1936 r.). Cron-
MocTb HedpTH Torga Oblia 3,7 TeHca 3a JHTD, 3JeKTpHUeCTBA
1,375 mnenc/(kBt-4). Croumocts ycraHoBkn 9310 ¢. cr., Hau
73 . cr./xBr Tensnosoii MomHoctH. Kak nokasano ma puc. 1.3, Temio
OXJIaXK/IEHHs ABHraTe]s HCNOJAb3yeTca JUIS JOMOJHHTENBLHOTO Harpe-
Ba BOJABI, KoTopasi oforpeBaer KoJJeqX. [emjoBass MOIHOCTb yCTa-
HoBKH 150, a nosHas pacyeTHas tensoBas Harpy3ka 450 xBT.

1.2.2. PA3BUTHE TEMNOBLIX HACOCOB B CLUA

Paunue mpoextsl, BhimosineHHble B CHIA, yxe ynomunaiauce. B
koHle 40-x rogos 6blJIo YCTAaHOBJEHO, UTO KOMMepUeCKHi ycnex 6yaer

BbIlI€, €CJH BBHINIYCKATb <«arperupoBaHHble» YCTAHOBKH, IOJHOCTBHIO
coépamme Ha 3aBOoJde-H3rOTOBHUTE-

0 B Jé ¥ BCTPOeHHbE B foMa. B 1952rT.
2 TaKHe TeNJIOBBle HACOCHl IOCTYIIH-
kS JIH Ha PHIHOK B GOJIBIIOM KOJHYECT-
- Z 1| Be [4]. B nepsbifi roa 6bIO BHIILY-
S 5L weno 1000 arperatos, B 1954 T.
S BABOoe Goablie # B 1957 r. — B 10
§ " pa3 Gosbuie. B 1963 r. 6110 BHIY-
N meHo yxe 76000 arperaros, mpH-
S 1A yeM GOJILUIMHCTBO H3 HHX YCTAHOB-
2 / JIeHO B IOXHHIX ILITaTax, IAe Tpe-
{1 I Vg 6yeTcsi  JieTHee  OXJaMAEHHE H
f] 4 oTol/IeHHe 3uMOH. Takue Tennosbe
% 56 57 36 75 7% . HACOCHl YCMEMHO  KOHKYDHPYIOT
56 60 64 68 72 7 C OGBIUHBIME KOTJIaMH, NaIOUHMH

Puc. 1.4. TIpoM3BOACTBO TENAOBHIX Ha- TOJIBKO TEMJIO.
cocos B CIIA mexnay 1954 u 1978 rr. [IpoGaieMb! BO3HHK/H, KOT/a 3TH
I — paunuft nepuon pocra; Il — nepuon mepe- YCTAHOBKH HavyaJH INPHMEHATb B
onenku; /I/ — nepron GbICTPOro pocra, XOJIOAHHIX CEBEPHHIX IITATaX H BHi-

: ABHJICS WX HEJOCTATOYHHIH pecypc.
3a arperHpoBaHHBIMH TEIJIOBHIMH HacOCAMH YCTAaHOBHJIACh penyTallHs
HeHaJeXHHX yeTpoiicTB. DTo NPHBEIO K MpeKpalleHHIO PocTa BHINyC-
Ka ‘B Hauajge 60-x rogos Bmiaotrs Ao 1971 r., Koraa cHoBa HavaJcs HX
poct {puc..1.4). 3a nepHoX 9acTOS NPOH3BOACTBA OBIIH pPa3paboTaHH
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HOBBIe, Boslee HalEXHLIE arperaThl M, UTo Gojiee BaX<HO, U3LOTOBHTENH
AOMOIVIH HHMXEHepaM, YCTaHABJIHBAIOIIHM H HaOMIOAAIOMIMM 3a arpe-
rataMy, Jydlie 03HAKOMHTbCS ¢ HHMH. DBUJIO MpoBefleHO HeCcKOJbKO
HecleOBaHHA HaleXHOCTH (cM. Iii. 4), a B 1974 r. UHcTuTyT OX1aXK-
JeHHsA ¥ KOHAMUHOHHPOBAHHS BO3AYyXa BHIABHHYJ NporpaMMy arrecTta-
UHH M KJacCHOHKAlUWH TEIVIOBHX HACOCOB MO HMX Ha3HaueHHw. OTta
paboTa npojoaXKaeTcs B HacToAlllee BPpeMs.

B 60-e roap croumocTh 3jektposnepruu B CHIA cuabHo cHH3H-
J1ach, UTO a0 NPEHMYIIEeCTBa NPSMOMY 3JEKTPOOTOIVIEHHIO B yllepO
TEIJIOBBIM HAacocaM, CIPOC Ha KOTODble yIak H B CBA3H C HeHaleX-
HOCTBIO.

Ho B 1973 r. 3HepreTHueckHil KpH3HC MOJOXKH/I HAyaJdo HOBOMY
NepHOAY GHICTPOro pocTa HHTepeca K TEMJOBHM HacocaM. B 1976 r.
6nl10 npogano 300 ThiC. arperatos, a ux moJuoe yucio 8 CHIA mpe-
BHILAET 2 MJH. R

1.3. COBPEMEHHOE COCTOSHME

HHTepec Kk TEIVIOBHIM HAcOCaM HHKOTAA He OBLA TaK BEJHK, Kak
B Hacrosilee BpeMs. B Espone, SInonun 1 CUIA Brinmyckaior ycraHoB-
KH JJs TeIIOCHaGXEHHS] KBapTHP, OOILIECTBEHHHX 3AaHHH H NPOMBIIL-
JIEHHHIX NpoueccoB. MeXAyHapolHoe 3HepreTHYecKoe areHTCTBO H EB-
pomefickoe 3KOHOMHUECKOe COOGIIEeCTBO BHIABHHYJIH KpPYIIHBlE IIPO-
rpaMMbl Pa3sBHTHS TEIVIOBLIX HACOCOB ¢ AEMOHCTPALHEH HOBBLIX KOHCT-
pYKuHit u croco6oB npuMeHeHns. B OGamxKaijilie roibl Ha pBHIHKE IIO-
ABATCSA COBEPUIEHHO HOBBIE TEIJIOBble HACOCHI AJsl JOMALIHEro NMpHMe-
HeHHsI, HCNOJL3YIOHIHe a3 BMeCTo 3JeKkTposHeprud. Pacwupurcs mpu-
MeHeHHe TeIJIOBBIX HACOCOB B NMPOMBIIUIEHHOCTH C BBITeCHEHHEM O6blu-
HBIX CYLIHJOK. Tensaosble HacOCH MO3BOJISIIOT HAM HCNOJAB30BATh JHEp-
rao Godee 3pGdeKTHBHO M BOCCTAaHABJAHBATh COPOCHYIO 3HEPTHIO, UeM
omnpeliesiieTcs HX BaXXHasd poJb B COXPAHEHHH HAIUUX SHEPreTHUYECKHX
pecypcos.

fnasa 2

TEOPMSA TEMNOBbLIX HACOCOB

2.1. BBEQEHME

Hasrauenue 510l r1aBHl — AaTh YUTATed0 LOCTATOU-

HEle TEOPeTHUECKHE OCHOBHI JJIS aHajdu3a H CPABHEHHSI pPasjHuHBIX
TENJIOHACOCHBIX IHKJIOB C PasJMyHBIMH paboudMH Tejamu. Xopoiliee
NOHHMAaHHe TeOPHH IIOMOMXET OIEHHTb OTPaHHYEHHS BO3MOMXKHOCTEN
TEIVIOBBIX HAaCOCOB, MOCKOJILKY 3TH OTPaHHUYeHMs] HaAKAaJBIBAIOTCA He
TOJIBKO TeXHHYECKHMH NpoBJeMaMH, HO TaKXKe H 3aKOHAMH OPHPOIHL.
Ilpeanonaraercs, 4T0 YHTATENIO yXKe H3BECTHH NOHATHE TEPMOIH-
HAMHUYECKOTO COCTOSIHHUS U NapaMeTpHl, oNpelelsIoOllie 3T0 COCTOAHHE:
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TeMIepaTypa, [aBJeHHe, VAeABHHA 00beM, 3HTAJLIHS H SHTPOMHS.
3TUMH NapaMeTpaMd Mbl 6ydeM ONepHpPOBAaTb B HacTosulefl riase,
a UX nmojApo6Hoe NMOsCHEHHe MOMXHO HAaWTH B KypCcaX TepMOAHHAMHKH

Boaplasa yactb 370l IVIaBH NOCBALEHA TEMJIOHACOCHOMY LHKJIY
C MeXaHHYecKoH KOMIpeccHed mapa, MOCKOJNBKY TaKHe TeIJIOBble Ha-
cocH HaHnboJee pachopocTpaHeHbl. 3areM oO6CyXIalOTCA ABa LHKJIA,
KyJa 3HEpPrus HOCTYNaeT ToOJbKO B (opme Temia: a6copOUMOHHBIN
IHKJI H ABOHHOH LMK PeHKHHA, KOTOpble aBTOpaM IMpPeACTaBAAIOTCH
BecbMa MNepCcleKTHBHBIMH. KpaTKo ONHCAaHBI HEKOTOpHle ApYyrue IHK-
JIBI, KOTOPLIE B HACTOslllee BpeMs BHI3HIBAIOT HHTEPEC.

2.2. UMKN KAPHO

B 1824 r. KapHo BnepBble HCIO/L30BaJ TepPMOJHHAMHUECKHH LHKJ
IJis ONMCAHHUs Mpollecca, W 3TOT UUKJA ocTaercd (GyHAaMeHTaAbHOH
OCHOBOH /I CDaBHEHHS C HHUM H OleHKH 3((eKTHBHOCTH TEIIOBHIX
HAaCOCOB. ‘
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Puc. 2.1. TepmonuHamHyeckas cxema Puc. 2.2. Mpeanvunli TemioHaCOCHMBIH
TEIIOBOrO HAacoca H TEIJIOBOTO JBUTra- uuk KapHo.
TeJs. 1 — HCTOYHHK Tellla; 2 — KoMOpeccop: J —
! —TennoBoft Hacoc; 2 — TemnoBoft gBHra- NPHBORHOR ABHraTenb; 4 — MOTPEGHTENb Tell-

Teap; TH —— BHICOKas TeMmepartypa;, TL — na; § — pacllMpHTeNbLHAS MalUHHA,

HH3Kas TeMmmepartypa.

TennoBofi Hacoc MOXHO paccMaTpuBaTh Kak ob6pallleHHYIO TeIo-
Bylo MawnHy. TensoBas malwvHa MOJYYaeT TEMVIO OT BHICOKOTeMIepa-
TYPHOrO HCTOYHHKA H cOpachiBaeT ero IpH HH3KOH TeMneparype, OT-
ZaBas noJesHyio pabory. Temnosoit Hacoc Tpebyer 3aTpaThH paboThHl
AJist TOJIYYeHHs TeIvla NPH HU3KOH TeMIepaType H OTAa4H ero npu 6o-
Jdee BbICOKOH (puc. 2.1).

MoxHo Nlerko MOKa3aTh, WYTO eclH 06e 3TH MAIUMHEL O6paTHMBI
(T. e. TepMOAHHAMHUECKHE MPOIECCH He COMEpXKAT MOTephb Tella HJH
paboThl), TO CYMIECTBYET KOHEUHHIH mnpeles 3DEDEKTHBHOCTH KaXpoil
H3 HHX, H B 060HMX cayuyasx 310 ecTb oTHolweHHe Qy/W. Ecau 6H 3T0
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6b110 He TaK, TO MOXKHO OHJIO OBl MOCTPOHTb BeYHBIH ABHraTesb, HPO-
CTO COCNHMHHB OAHY MAIUHHY ¢ ApYroil. 3To OTHOINEHHE OYeHb BAXKHO..
B cayuae TensioBoll MalMHBI OHO 3anuchiBaerca B Buae W/Qum u Ha-
spiBaerca TepMmuueckum KILJI, a gas TemoBoro Hacoca OHO ocTaercs
B BuJe Qu/W 1 HaspiBaercs ko3 duurertrom npeobpasosanus (KOIT).
Ero cregyer otanyaTh OT aHaJOTHYHOrO OTHOWeHHs Qp/W, mpume-
HeMOTO B XOJIOAWJIbLHOH TeXHHKe M Ha3hBaeMoro B JajbHellleM
KOIloxx. IMockoambky Qu=W-+Qr, monydaercsi KOIlyxy=KOII—1.

Huka KapHo na pHe. 2.2 usobpaxkaer paGounii npouecc Haeasb-
HOH TenJOBOH MAalUHHBI, paboralollell B 3aJaHHOM HHTepBaje TeMIle-
paryp. CTpefiky NOKasblBalOT HANpaBJeHHe Ipolecca AJdd TeNJOBOro
Hacoca. Tensio H30TepMHYeCKH NOJABOJHTCA IpH TeMmepatype T M
H30TepMHYECKH OTBOAHTCA NpH TteMneparype Ty. CxatHe H pacuru-
peHHe MPOU3BOAATCA NPH MOCTOSAHHOH 3HTpPoINHH, a pabora MOABOIHUT-
¢ OT BHelIHero jgBHrarensi. Vcmonnsys onpefeseHne 3HTpoONdH H 3a-
KOHBl T€PMOAHHAMHKH, MOXHO NOKa3aTbh, 4To0 Ko3d@uuueHt npeobpa-
30BaHHs AJa nukiaa KapHo umeer BHI

KON =T /(Te—TL)+1=Tu/(Tu—TL).

Huxkaxoit tensioBoit Hacoc, co3aHHbi B npefenax xHawel Bcenen-
HOH, He MOXeT HMeTb JyulueHd XapaKTEepPHUCTHKH, H Bce MNpPaKTHUECKUE
LUHKJB peajiH3YIOT CTPeMJeHHe MAaKCHMaJdbHO NPHOJH3UTLCH K 3TOMY
npegenay.

2.3. UMKN C MEXAHMYECKOW KOMIPECCHENA MAPA

C uenpro npubauxeHHst K npocroMy uukiay Kapuo, a daktuuecku
9TO 3HAUYHT — C UEJIbIO CO3AaHHS NMPAKTHYECKH [OJE3HOTO TeIJIOBOrO
Hacoca, HeOOXOAHUMO CTPEMHTbCA K HOABOAY Temsa IIPH YCJAOBHAX,
6/MH3KHX K uH30TepMHuueckuM. Has storo noalupalorcs pabouue Teda,
HU3MeHAUIHe arperaTHoe COCTOAHHe NPH HeOoOGXOAUMBIX TeMIeparypax
¥ naBjeHHsX. OHH NOIMOMWIAIOT TEMJIO NPH HCHAPEHHH H OTAAIOT NpPH
KOHJleHCallHH. DTH mpolecchl 06pasyloT H30TepMbl uHuKJaa. CxkaTHe
napa, Kak npasujo, tpebyer, utro6n map ObT CYXHM, 4YTO BHI3BAHO
0CcOOEHHOCTAMH MeXaHHKH O0JBbINMHCTBA KOMIpeccopoB (cM. . 3).
Ilonaganue XKHIKOCTH BMeCTe C NapoM Ha BXOJ KOMIIpeccopa MOXeT
NOBPEIUTEL €ro KJanaHbl, a MOCTYNJeHHe GOJBIUOrO KOJHUECTBA JKH-
KOCTH B KOMHODPECCOP MOXKeT BOOOLIe BHIBECTH €ro H3 CTpos (ecaH He
NPHHATH NPEJOXPaHUTENbHbBIE MEPH, HaNpHUMEP INOANPYXKHHEHHAS Io-
JIOBKA LHAHHApPA).

Lukn ¢ MexaHHYecKOH KOMIpeccHell mapa H ero H3o6paxeHHe Ha
T—S (remnepartypa — SHTPONHsA) AHarpaMMe NOKa3aHk Ha puc. 2.3.

PaccMOTpEM IHKJ TOJBKO ¢ CYXOH KOMIIpeccHeli mapa u paciiupe-
HHEM B JpPOCCeIbHOM Kiamade. JTOT KJaalad npelcrasiaseT cobol
aubo peryjaupyemMoe COIVIO WJIH OTBEPCTHe, JHO0 KaNWJIAPHYIO TPY6-
Ky. Boifop Mexay HUMH onpedefsercs TPeGOBAHHAMH B PeryJaHpoBa-
Hun. OTCyTCTBHe pAacCIIHPHTEJIbHOA MAIUMHEI B LHKJIE O3HAyaeT, 4To
HEKOTOPOE KOJHYeCTBO MoJe3Hol paboTe tepsercs H KOII ymenpma-
ercAd. Kak mpasujo, 3TO ONpaBZaHO TeM, YTO CTOHMOCTb pacCIHIHpH-
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TesnbHON MAIIMMBLL He OKymaetcs mOAyueéHHoft Ha Heft paboroit *. ITpo-
llecc pacIIHpeHHs B COMJIe HeoGpaTHM, OH NMOKa3aH NYHKTHPOM Ha
T—S puarpamme (cM. puc. 2.3). OObluHO OH paccMaTpHBaercs Kak
anuabaTHueckHil, T. e. NpOXoAsMmIHi 6e3 MoJABOAA HJH OTBOJAA Temsa
npH pacluupeHnH pabouero Tena.

Tenepb NPOAEMOHCTPUPYEM LHKJ IAPYTHM ClIIOCOGOM, € NOMOIIBIO
IIHPOKO MPHMEHAEMOHl Ha MPAaKTHKe MJisg NAPOKOMIPECCHOHHBIX LHK-
JIOB JMarpaMMHl aBJjeHHe — yAeJbHas 3HTadbhHs (p—h), uto moxa-
3aHo Ha pHuc. 2.4. Jlanee B rnaBe OyleT HCHOJIL30BaTbhCA TOMBKO TaKas
aHarpaMma.

p

Mudrocms S

3 2 2

Puc. 2.3. TT1apoKOMIPECCHOHHNT IHK. Puc. 24. Ugaeanbunlli mapoKoM-

1 — ucnapurenb; 2 — KOMIpeccop; 3 — NpHBoAHOM npeCCHOHHbI'ﬁ! LK.,
ABHraTeab, 4 -— KOHAEHCATOP; 5 — APOCCENLHEBI} Kaa-
maH; § — NOrpaHH4YHAas KpHBas.

ITOT PHCYHOK CJle/lyeT paccMOTPeTh BHuMaTenbHo. CxkaToe pa6o-
4yee Teslo NOJ BHICOKUM JaBJ/ieHHeM MOKHAAaeT KoMIipeccop B Touke 1.
ITockobKy Ha BXOX B KOMIpPeccop NOCTYNaJ TOJBKO CyXo#f map H
6saronaps HaKJOHY JHHHH MOCTOSIHHOM 3HTPONHH, B Touke | map me-
perper. Ilpexae uem nmap HauHeT KOHAEHCHPOBATbCS B TOUKe 2, ero
clellyeT OX/1aAUTh NPH IOCTOSHHOM AaBaeHuu. Mexay toukamu 2 4 3
DPOUCXOAUT KOHJEeHCAUHUsA NPH NOCTOSIHHOH TeMmeparype (eclH HeT
yreuek nmapa). OTciofa BHAHO, YTO Tem0OGMEHHBIH anmapart, B KOTO-
POM NPOHCXOAMUT KOHAeHCAUHs (KOHAEHCATOD), Bcerga MOJXKeH GHTb
paccuMTaH Ha NpHeM meperperoro napa. AxnabartHdeckoe pacHIHpe-
HHe H306paxaercs Ha p—Hh guHarpaMme BepTHKAJbHOR mpaMoil 3—4,
H B 3TOM OJlHa U3 NPHYHMH YAoGcTBa Takod auarpammbl. duas pacuera
UHKI2 HeoOXOAHMMO 3HATh COCTOSIHHS pafouero Tesa TOJALKO Ha BXOAe
B KoMIpeccop H BHXOAe u3 Hero. OcragbHoe H3006paxaercsd DPSMBIMH
AuHHAMH. McnapeHne npoucXoAHT MpH MOCTOSHHHIX AABJEHHH H TeM-
nepatype Mexay toukamu 4 u 5. Ciefyer OTMETHThb, YTO paclUHEpeHue

* Ho-BuaUMOMY, «BEYHHH BOMPOC» TMAPOKOMIIPECCHOHHHX XOJOJHIbHbIX MAIIHH
H TEMJOBHX HAcOCOB 00 HCNONb3CBAHHH PabOTH pacuIHpeHHS OyIer NOJOXKHTEeNbHO
pellleH TOMBKO NPH CO3AaHHH KPYNHHIX TeIJIOBHIX HAcOCOB €EMHHYHOR MOILHOCTBIO
B JeCATKH Mmerasart. — IIpum. nep.
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NPOHCXOAUT (PAKTHUECKH B CMECH KMIKOCTH M mapa. Bxogsimias B uc-
napuTeNb cMeCh COAEPKHUT 3HAUHTEAbHYIO LOJI0 napa, uHorga o 50%
no Macce, ¥ 3Ta RoJs pafouero rtejla, eCTeCTBEHHO, yXKe He Y4acTBYeT
B Npollecce HCHApeHHs H MOTJouIeHHs Temna. Mexny Toukamu 5 u !/
NIPOHCXOAHT H303HTPONMHIHOe CKaTHe cyxoro nmapa. Ha mpaxruke ero
peasiu30BaTh HeAb3sA, HO 3JeChb MHBl paccMaTpHBaeM HAeaJH3UPOBaH-
ublil wUkA. Ero addekTuBHOCTL MeHblle, yueM y Lpkaa KapHo, H3-3a
HeoGPaTHMOCTH Mpollecca PacUIHPeHHS.

IToguepkHeM BTOpOe BaxHoe [PEHMYILECTBO p—HA QHarpaMMBlL,
ITocKOJMbKY Ha TOPH3OHTAJBHOH OCH OTKJAAbIBAETCH 3HTAJbIHH, OHA
nonyckaer npamofl orcuer Qu, Qr m W. Tlpocroe coorHoleHHe
Qu=QrL+ W u3 auarpammnl oueBHAHO. B TO Xe BpeMs auarpamma
no3poJsier cpasy oueHuTh 3HauedHue KOII. das nodydyenuss BHCOKOrO
KOIT 3nauenne Qu nonxuHo ObiTe Beanko, a W (pabora cxkatud)
JoJ/kKHA ObITh Mana. IIpHromHOCTh TOTO WM HHOrO pabouero Tena
MOXKHO GLICTPO OLEHHTb NpPH B3rJsAe Ha ero p—h mauarpammy *.

OnHcaHHBI TapOKOMIPECCHOHHMBIN HHKJI ONHHAKOB H [/ TeIJOBO-
ro Hacoca M AJS XOJOAHABHOH MaiuHHH. Ero wacto maswBaior obpart-
HBIM HHKJAOM PeHKHHa WJIM, MeHee TOHYHO, NPOCTO LHKJOM PeHKHHA.
B neficTBHTENILHOCTH UMKJA PeHKHHA OTHOCHTCS K NpOLEccYy B NAPOBHIX
Typ6uHaX npu BhHpaborke 3jekTposHeprud. Ha T—S nuarpamMme OH
MPOTEKaeT MO YacOBOH CTpesKe, BKAIOUAS HCHaPEeHHE H KOHIEHCALHIO.
TTonuepkHeM ABa pasiuHuMs MeXIy UHKIOM PeHKHHAa H MeXaHHUECKHM
napokoMnpeccHoHHEM. IlepBoe cOCTOMT B HampaBJeHHH: UHKJI PeHKH-
Ha — 3TO 3HEpreTHUecKUH IHKJ, OTAAIOUWHA MOLIHOCTb NPH paciiudpe-
HuY napa B Typ6uHe. Bropoe pasinume B TOM, 4TO B IuKiae PeHKHHa
ckumaerca 100% xuakoctu. JeficTBuTeNbHO, OGpPaTHMBEIM IO OTHO-
IIEHAIO K WHKJAY PeHKHHa 6bl1 Gbl WHKA ¢ PAaclIHPHTENbHOR MalUHHOMH,
a He ¢ HeOGpATHMBIM paclunpeHueM B apoccete. Ha npakruke, oxHa-
KO, pasiuia He OYeHb CYLIECTBEHHa.

2.4. PEANbHbIA LIMKN

PaGouyne uMKJAbl, ONHCaHHBle B NpeAbIAYUIHX pasjenax, CyLUIecT-
BEHHO HIeaNH3upoBaHbl. XOTA B HHX H YYHTHIBAJHCh INPAKTHYECKHE
OrpaHHYeHHs, CBA3aHHbBle C HEeOOXOAHMOCTBIO CKATHA TOJBKO CYXOIO
mapa, a TakXe OTCYTCTBHe PacCIUMPHTENBHOH MAalUMHEBI, Npeanosara-
Jioch, yto KIT/I Bcex anemenrtos cocraBaser 100%. [Tokaxkem Temeps,
yeM peasbHas MallHHa OTJAHYAeTCs OT HAeaJbHOH.

InaBHBIM KOMIOHEHTOM TEMJIOBOTO Hacoca sBJAsETCS KOMIIpeccop.
Panee yXe roBOpHJIOCH, UTO KOMIIPECCOp AOJMXKEH CXKHMaTb TOJAbKO CY-
XOH map u paboyee TeJO AO BXOLAa B KOMIOpPeCCOp JOJMXKHO OHTb He-
CKOJILKO Neperpero. JTo NoKkasaHo Ha puc. 2.5, rae paGouee TeJo
Tenepb NMocTynaet B KoMmpeccop B coctostHuu &' Bmecto 5. Tleperpes
co3faeT 30HY 0e30MAaCHOCTH [Js YMeHblLUeHHs [oNafaHHd Kameb

* Ha puarpamme ynoGHO MpOBecTH NepneHAHKYyaAsp K Touke 2/, torma KOIT —
3T0 OTHOMWEHHe 0Tpe3koB 3-I u 2’-1. OuepupHo, yro KOII TeM Buime, yYeM MeHblle

HHTEpBAJ AaBJeHui 3-4 (HaW, YTO TO XKe caMoe, 4YeM MeHbille HHTepBaJ TeMmepa-
Typ). — Ilpum. nep.
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. KHAKOCTH B KOMIIPECCOp. DTO JOCTHraercs IE€HOH HEKOTOPOTo yBeJH-
deHHs] KOMIpeccopa, NMOCKOJbKY OH [JOJKeH CXKHMaTb 6oJiee paspe-
JKeHHBIH Map IpH TOM e MaccoBoM pacxoie. Bosee cepbesnas npo6-
JeMa COCTOHT B MOBHIIEHHH TeMIEpPaTyphl Ha BHIXOAE H3 KOMIIPeCcco-
pa, KoTopas OTPaHHYHBAETCS CTOAKOCTHIO BHIXJONHBIX KJIaNaHOB.

Jpyroe cyllecTBeHHOe OTKJIOHEHHe OT HJeaJH3HPOBAHHOrO LHK/A
onpenensierca KITJ{ xomnpeccopa. U3-3a temnooOMena Mexay pabo-
4¥M TeJOM H KOMIPEeccopoM H HeOGPAaTHMOCTH Te€UEHHS BHYTPH KOM-
npeccopa NOBBILEHHE HTAAbOHHA B HeM OoJblle, 4eM B HIEaJH3HPO-
BAHHOM IIHKJeE, 4TO TaKXke MOBbIIIAeT BHIXOAHYIO Temnepatypy. Ha
puc. 2.5 sto nmokasaHo Toukoil I. IToBHILeHHe SHTaJbIHH OLEHHBAaETCS
usosutponuueckuM KIIJI xomnpeccopa. IloBHIeHHe 3HTanbBIHU B pe-
aJbHOM KoMIpeccope obosHauaetrca W', a NpH HAeaJbHOM H303HTPO-
nuueckoM cxatuu W. Usosurponuueckuit KIIJ pasen W/W’. Ha
NpakTHKe NOPUUHEBHle KOMIpeccopsl uMmeroT H3osHTponuyeckuit KITI
oxoso 70%. OTMeruM, uTo H303HTpONMHUECKOe CKaTHe TpeGyeT MHHH-
MaJjbHOR paboThl NPpH HeoxAaxjaaeMoM KoMmmpeccope. PabGory MoxkHO
CHU3HTb IYTeM €rc OXJaXKAeHHS, HO TNOCKOJBKY 3ajaueil TeIIOBOTO
Hacoca fIBJISETCSA OTAaua Telsa NPH BHICOKON TeMIeparype, Takoe
OXJaxkJIeHHe HEBHIIOAHO HJIH (paKTHUECKH HEBO3MOXKHO.

CymecTByloT elte ABa Nokaszateds 3pdeKTHBHOCTH KOMIIPeccopa.
Mexanunueckuit KI1J nokasbiBaeT, Kakas HoJsi paboThl, NOABeAeHHOMH
K BaJly KOMIpPeccopa, oTaaHna pabouemy Teay:

) - INosnimenne 3HTaNbNHK X MACCOBHIt Pacxo
Mexannyeckufi KI1I = X pacxoa ,
Mom#octs, mogsefeHHas K KOMIpPeCcOpY

O6riuno on pasenr 95%. 3amerum, uto o6a 3ty KI1JL oxuHakoBo Bax-
HEl, TaK Kak oHu BausoT sa KOII peanbHoro Temiosoro Hacoca.
Haxkosen, ectb eme o6bemuniit KITM, koropuiil Banser He Ha KOII,
a Ha KalHTaJOBJOXeHHs B OGOPYAOBaHMe, I[IOCKOJBKY ONpeAesasier
pa3Mepnl KOMIIpeccopa:
O6semubii KIT II:Maccosbu'& pacxon X ynesnpHut 06beM Ha BXOJe
O61eM, NPOXOZHMEI MOPHIHEM B eZHHHILY BpeMeHH

Ero tunuyHoe 3HaueHHe Takxe okoio 95%.

Iotepu uMmeoTCa H B APYrux 3jeMeHTax paboyero NHKJAa, a He
ToAbKO B xoMnpeccope. Korma paGouee Tesio NIpOXOAHT uepes Temsico6-
MEHHHK, JaBJjeHHe HecKoabko nagaeT. CKopocTb OOGBIYHO CTpPeMATCH
MOAJEPXKHBATh JOCTATOYHO BLICOKON M HCKJIOUHTBH 3acTOHHbBle 30HHI,
B KOTOPHX coBHpaeTcsi Macjo. BiusiHme 3Toro najeHns JaBJjaeHHs
NPOSIBASIETCH B OTKJOHEHHH OT H30T€PMHYECKHX YCJAOBHH IIPH TemJo-
o6mene (cM. puc. 2.5). PakTHUeCKH OTKJIOHeHHe OGBLIYHO He IIPEBOCXO-
IUT Ipajyca, H Ha DPHCYHKE €ro BJHSIHHEe HECKOJbKO [peyBEeJHUEHO.
Ono nposBisieTcs Kak B HCIOAPHTENE, TAK H B KOHIEHCATOpe.

[Tocnentee oTKIOHEHHe OT peajJbHOrO LHKJAA, KOTOpOe 3[ech pac-
CMaTpHBaeTCs, CBA3AHO C MepeoxaaxiecHHeM. B wuieatnHOM LHKJE
ADPOCCETHPOBaHHE HAuMHAJOCh OT TOYKH 3 Ha JeBofl IOrpaHHYHOH
kpuBo#l, OfHako M06bie moTepH B Tpy6onpoBofax MeXAy KOHAeHca-
TOPOM H JpoccesieM BBI3BIBAIOT HEKOTOPOe HCIIapeHHe, 4TO YXYyJAlIaeT
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paboty apoccess. JXelnaTesbHO BBECTH INepeoxJaxKAcHHe N0 TOYKH 3.
IlepeoxyiakieHHe TakKKe CHHXKAeT HOJIO Napa, MOCTYNAIOUIEro B HC-
napuTesb, HO YTOOBl OCYIIECTBHThH I[epeoXJaXKieHHe, HYXHO HMeTh
TeJUIOHOCHTENb ¢ JOCTATOYHO HM3KOH Temiepatypoit. O6ruHO BOAA
HJIH BO31YX, OTBOASILIHE TEMJIO OT KOHAEHCATOPa, He MOLYT CJAYXHTb
AJS1 3TOr0, TaK KakK 3ajayva TelwIOBOI'0 Hacoca COCTOHMT B INOAAepXKa-
HHH KX [OTOKa MAKCHMAaJbHO HarpeTsiM *.

Heckoabko panee 6bliia 06bsiCHeHa HeoOXOAHMOCTbL NeperpeBa pa-
foyero TesJa MoOCJe HCIAPUTENs, YTO NPHBENO K YIOGHOMY M 3JIeTaHT-
HOMY pelleHHIO: TenJio, OTBOAHMOE OT KOHJAeHCAaTopa IpPH IepeoxJax-

4 4 J, 5

p

Wl

V4

Puc. 2.5. Pea/ibHHI NapoKOMIPECCHOHHBH LUK,

Puc. 2.6. I1apOKOMIIPeCCHOHHK IUKJI C MPOMEKYTOUHHM TeIoOGMeH-
HHKOM — DereHepaTOpOM.

I — Bcnaputens; 2 — koMmpeccop; 3 — ABHrareab; 4 — KOHAeHcaTtop; &§ — mpo-
MeXYTOYHBIR TeNa0OGMeHEHK,

JeHHH ¢ Temmepatypodl Tw, ucnoab3yercs AJs Neperpesa 3acachiBae-
MOTO B KOMIIpeccop mapa c temmepatypoit Tr nmyTeM yCTaHOBKH NpO-
MEXKYTOYHOFO TeIVIOOGMeHHHKA — Mepeoxaafutenas (puc. 2.6).
3aMeTHM, 4TO [epeOXJaIuTe]b He BJHSET HENOCPEeICTBEHHO Ha
KOII, mockonbKy u3GHTOK 3HTAJAbLIHHU, MOJAYYEHHBIH IPH BHICOKOR TeM-
nepatrype Mexnay toukamu 3 u 8’, me oTmaercs noTpeGHTENI0, a HC-
0JIb3yeTCsl BHYTPH IHKJIA MeXaAy ToukamMu &5 u & (cM. puc. 2.5).
OnHako KOCBeHHO mepeoxsaintedp nosbimiaer KOII, nockosdbky mo-
3BOJISieT BOCNIIPHHHMATL Ten1o npu T 6ojee GJH3KO K H30TEpMe.

2.5. PACYHET KON

B 310M pasgenie paccMOTpeHB THIHYHbie BEJHUHHEI, XapaKTepHEIE
IS TENJIOBOTO Hacoca, NPUMEHSIEMOro ¢ Liesbl0 BOCCTAHOBJIGHHS Tel-
sna. Bo3MoxKHBEe MOKa3aTesy PeasibHOrO IHKJAA CBH3HLIBAIOT € NMOKAa3a-
TeJIsIMH LHKJAa KapHo.

IIpeanonoxuM, 4T0 CYIeCTBYeT IPOU3BOACTBO, B KOTOPOM HCIIOJIb-
3yeTcsl NpoMbIBOYHasA Bojga. Boja saxiiodeHa B GogblIof 6ak INpH

* Tlpr HcnonB30BAaHHH TEMVIOBOTG HACOCA KPOMe OTOIVICHHS ellie H JJsl [OPSYero
BOJOCHaGXKeHHs, KaK IIPaBHJO, IepeoXJaax(ieHHe BIIOJHe BO3MOXKHO, TaK KaK Hadajb-
Hasi TeMIlepaTypa IOCTynawllel BOAH JOCTaTOUHO HH3Ka. — [Ipun. nep.
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Temnepatype 65° C u nocie ouncTKH cOpachiBaeTcs NMPH TeMIepaType
35° C. HaszHaueHHe TensoBOro Hacoca COCTOHT B BOCCTAHOBJIEHHH TeH-
Ja cOpOCHON BOABl H HCIIOJNB30BAHUS €ro AJsI MOAJAEDXKAHUA TeMIepa-
TYpH BOJASIHOro 6aka. BpeMeHHO mnpeHe6pexeM BO3MOMKHOCTBIO ua-
CTHYHOTO MCIOJIBb30OBAHHA [Js 3TOH LEeMH NPOCTOTO TEMICOGMEHHUKA.
Maxkcumanphntit KOIT no Kapuo

KONk =T /(Ty—TL)+1=(273+ 35)/(65—35)+1=11,3.

Tenepr paccuHTaeM, YTO MOXKHO NONYYHThL HA NPAKTHKE.

. 4
7 780 200 220 240 260 260 300 k, n4w/nr

Puc. 2.7. [TapokoMupeccroHHBIA LUKJ Ha XJafoarente R12.
1 — NHHHA HaCBILEHHSA; 2 ~— H30TEPMBI,

Bo-nepBhix, Hy:KHO BHIGPaTh TeMIepaTypsl HCHapeHHs ¥ KOHAeHCa-
uud. OHu 3aBHCAT OT pa3Mepa TeNVIOOGMEHHHKOB, KOTOpPHlE IpeANoa-
raeTcsl YCTaHOBHTb. B KauecTBe THIHYHBIX 3HAYEHHI MOXKHO IPHUHATHL
Te=75°C u Tp=15° C. Or™MeruMm, 4ro B HCIApHTeJe HyXHa GOJbluas
PasHOCTb TeMIepaTyp, MOCKOJbKY cGpachiBaeMasi BoAa AOJKHA OHTb
oxsaxfeHa ot 35° C, no, manpumep, 20° C, 4T06H MOJNYUHTL [0JIE3HOE
TenJo.

3aTteM npuMeM B KadecTBe pabouero Tesia xJagoarent R12. Buibop
pafouero tena, Boo6ille rosops, Heao He mpoctoe (cM. ra. 3). Ho
B HaHHOM cJydae Kak npumep BHGpan R12, a ero p—h nauarpamma
nokasaHa Ha puc. 2.7,
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Uso6paxenne nuxaa Bcerna HauuHaetrcs co cxarusi. Ilpumem He-
06XOAHMBIH Teperpes napa Ha sxoge komnpeccopa 20° C u o603Hauum
ero coctosinie Toukoif A. OHa HaXOAHTCA NyTeM NPOJOJKEHHS JIHHHH
IIOCTOSIHHOTO ~ [aBJIeHHsl, COOTBeTCTBylouleH Hcmapennio npu 15°C
(0,49 MIla) no nepeceuenus ¢ usorepmoii 35°C. B touke A yaenbHas
sHrajbnus paBHa 271 xJx/kr. IlpoBeas no H303HTpONe JIHHHIO JO
nepeceuenns ¢ uzobapoit 2,1 MIla, coorBercrBylOleli Temmepatype
koumeHcauun 75° C, mosyyaem YCJIOBHS Ha BHXOAe H303HTPOIHYECKO-
ro KoMupeccopa B Touke B ¢ yzeabHo#t suransnueit 300 xIxk/xr. Heit-
CTBHTeJIbHBIE YCJOBHS Ha BhIXoAe H3 Komuipeccopa B touke C paccuH-
THIBAIOTCS C NOMOILBIO H3o3HTponHueckoro KITI:

n= (hg—~ha)/(hc—ha),

oTkyda caenyer, yto npu n=0,7 hc=312 gIx/kr u Touka C HAHOCHT-
cs Ha rpaduk puc. 2.7.

H3MeHeHHe SHTANbNUH B KOHAEHCATODE H COOTBETCTBYIOILYIO TOY-
Ky D npu hp=177 x]JIK/Kr HaxoouM no nepeceueHuio H306aphl KOH-
JeHCAllHH C JIeBOH MOTPaHHYHOH KPHBOH, npeHebperas npu 31oM naje-
HHeM JaBJIeHHS IPH TelJooOMeHe.

Juist peanpHoro nuKiIa

KOI1 = (h¢c —hp)/(hc—ha) = (312 —177)/(312—271) = 3,29.

Kpome Toro, cieayer BcnoMHHTL 0 MexaHumgeckoM KIIJL xomnpec-
copa, KOTOphil noTpefyer 3aTpaThl AONOJIHHTEeNbHOH pa6oTh. IToaHBIN
KOI1=3,29-0,95=3,13.

B urore gaa KOII nonyyaem:

Mukn Kapupo . . . . . . . . . . . . . 11,3
Huxn KapHo ¢ yueToM Temn0OGMEHHHKOB . . . . . . 4,8
IIuKN ¢ y4yeTOM TEepPMOAHHAMH4ECKHX mOTePp . . . . . . 3,3
Iuxa ¢ yueToM MeXaHHYECKHX IOTepb FO - 1 |

3HaveHHe 3THX uudp odveBunHo. CyllecTBEHHYIO POJb HIPAIOT Tell-
JIOOOMEHHHKH, [OCKOJbKY CHHxeHHe A! oxymaer 3aTpaThl NOBHILIEHH-
em KOII. B 3toM cMbiciie HauGojlee BHITOAHBIM SIBJASIOTCSA IpHJIOXKE-
HUS, TAe HCIOJAb3yeTCsl CKpbiTasg Temsiora $a3oBoro mepexofa mo obe
CTOPOHBI TeNVIOOOMEeHHUKOB (HampuMep, IHCTH/IALHS, CM. TV. 7).

2.6. MCNOJNb3OBAHME KN2

Benuunna KOII orpaxkaer mepy I0JIe3HOCTH TeMJIOBOrO Hacoca
KaK BHIPaGOTKy GOJIBUIOrO KOJHYECTBA TEeIWia NPH 3aTpaTe CpPaBHH-
resibHO MaJsioit pa6orsl. OfHaKo oHa He oTpaxaer Toro ¢akra, yro me-
penaya sHeprud B Gopme paGoThl NpencTapJser GOJBLIYIO LUEHHOCTD,
geM nepefaua 3HepriH B GopMe Tensia. ITO CTAHOBHTCH OUYEBHIHBLIM
npu BHGOpe MPUBOAA AJs KOMIIpeccopa. DiaeKTpoMoTop Tpebyer Moul-
HOCTH, KOTOPasi TeHepHpPyeTcH 3a CUeT NOABOXA Temaa ¢ GOJBbIIMMH
notepsamMu. BooGiie smo6ast TemoBasg MallldHa MO3BOJSET JHIIb YacTb
Tema, MoJlyyaeMoro OT TOIVIHBa, npeo6GpasosaTh B paGory. HMieans-
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HHIM 6Ll 6Bl MPHBOX TENJIOBOrO Hacoca 3a cyeT JapoBolt paGoTH
BeTpa HJIH IHAPO3HEPTHH, HO ITO He BCErla BO3MOXKHO.

Jlsst OleHKH DPa3/IMYHBIX TENVIOHACOCHBIX CHCTEM ¢ NMPHBOAOM KOM-
npeccopa 3a CYeT PAsJIHUHBIX TONJIMB WJH HCTOYHHKOB 3HEpTHH MOPH-
MeHsIIoT Koa(ddHlHeHT nepBuyHOil 3HeprudH. OH yuHTBIBaeT He TOJbLKO
KOII, uo u KIIII npeo6pasoBanus mepBHYHOH 3Hepruu (HedTh, ras,
yroji» WIH COJHEYHOe TeljIo) B paboTy mpusoZa Komupeccopa. KII3
0cOo0eHHO BaXkeH NPH PACCMOTPEHHH TEIJIOBBIX HACOCOB, K KOTOPHIM
NOABOJHTCA TOJIBKO TEINO U OGCYXKAAeMbIX B 3TOH IJIaBe HECKOJbKO
manee. B uX KOMGHHHDOBAHHHEIX cXeMaX He BCErla MOXKHO Pa3JHYUThb
notok# Temiaa H pabotH. Onpeaenenne KII3 rakoso:

KI3 = Tlonesnoe Temno or TemjaoBoro Hococa
3aTpaTH NepBUYHONR 3HEPrHH .

MoxHo aarb u Apyroe ompefesnenne KIID, Korza ajs nmpHBoaa
KoMIIpeccopa HCHo/b3yercs TelvioBas mMalluHa ¢ TepMmuueckum KITJ
nr-:

KII9=n¢-KOIL

Ilpu HCnO/b30BAHHH TEMJIOBOTO HAcoca JAJs OTOINIEHHS MJH TEIJIO-
cHaGXeHHS] B NMPOMBIUIJIEHHOCTH, a TaKkKe JIOGOr0 NPHMEHEHHs, TLie
eIHHCTBEHHBIM Ha3HAUEHHEM TeIJIOBOTC HAcocCa sBJseTCS MNMOJYy4eHHe
temaa, KIT3 nokasbiBaeT, HACKOMLKO BHIFOAEH TeIIOBOH Hacoc IO
CPaBHEHHIO C OOGBIYHBIM BOZOIPeHHHIM HJIH ITaPOBLIM KOTJIOM, a TaKXe
N0 CPaBHEHHIO C HeNOCPeJCTBEHHLIM OTHeBHIM HarpeBoM. Tak, ans
IIpUMepa, ONHCAHHOrO B MpPeABIAVIIEM pasjelie, INPHBOAOM MOXKET
OHTh ABUraTenb Auseis. Hnsenb — 310 10BOMLHO Xopolliasi TEIVIOBAS
MalllHHa, ¥ NpH nojHol Harpyske ee KIIJ mocturaer nr=0,4. Caepmo-

BaTeJIbHO,
KI19=0,4-3,1=1,24.

JpyruMu ciaosamu, TemnoBoil Hacoc Aaer Ha 24Y% Goablue Temaa, uyeM
npsMOe CXKHraHHe TOMIHMBA. Ec/iu XKe HONMOJHHTENBHO MOXKHO HCIOJb-
30BaTh 35Y% mnepBuuHoOl sHeprum, o6paTHBLIEHCA B TEMJIO Ha BHIXJIONE
H B paguarope nusens, to KIID coorBercTBeHHO BO3pacraer:

KI19=1,24+40,35=1,59.

3T0 MOXHO CPaBHHUTbL C CHCTEMOH OGBIYHOTO TEMJOCHA6XKEHHS OT KO-
TeapHofl, y Kotopoit KIID cocrasaser 0,7—0,8. CpaBhenne noxaswl-
BaeT, 4TO B 3TOM CJyuae TemIOBOH Hacoc JaeT BABOe GoJibllie IMOJe3-
HOTO TeIlIa Ha eUHHIY HCIOJb30BaHHOTO TOIIHMBA.

2.7. ABOAHOW LIMKJ PEHKMHA

Kax ormeuasioch B § 2.3, Tepmunom «uuka Penkuna» HHorga 0603-
HauaeTcs H 3HepreTHUeckuil HUKI, W napoxkomnpeccuoHHu#. Ecau
TenioBas MalllHHa, paboTamwllas no IHKAY PeHKHHA, NpUMeHseTCH
JJI IPHBOAA TEMJOBOIO HAcOCa, TO MOJYYaeTcs cXeMa, KOTOPYIO MOXK-
HO Ha3BaTb ABOHHHM LHKIOM Penkuna, Takag komOGuHaNus OcOOEHHO
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HHTEpecHa, KorJa B ABYX KOHTYpaX MOXKXHO HCIIOJb30BaTh OJHHAKOBOE
pabouee TeJO.

Jpoiinoii nuka PeHkHHa nokasad Ha puc. 2.8 BMecTe ¢ ero H3so-
6paxenneM Ha p—h auarpamme. B HeM ucnofpsyercs paGodee Teldo
R11 — xnagoarenr HH3Koro AaB/eHHsi, YAOOHBIH [Jsf DPOTALHOHHBIX
mamuy. Tako# e HHKJ MOXHO CO3ZaTh H HAa OCHOBE IOPUIHEBBHIX
KOMIIpeccopa M [ABHraTess, HO IIOCKOJbKY OH [peXHa3Hau4eH NJst
OTOIUICHHS HJHII, MeHee LIYMHbie POTAallHOHHBle MAUIHHBl MPHMEHS-
I0TCS LWIHpe.

Toukamu a, b, ¢, d 0603HaueH MapOKOMIIPECCHOHHBIH LHKJ, a TOY-
kaMu a, b, e, f — sHeprernueckuit. XsnagoareHT agnaGaTHYECKH CXKH-
MaeTcsl OT b 0 e ¢ MOMOLIbIO HeBOJIBIIOrO [HAPABJIHYECKOTO HAcoca

‘ Z 7/1—‘, . T
2 [ )/

5 [
¢ c——t

Puc. 2.8. [Ioftnoft uukya PeHKHHAa B KOODAHHATAX KaBVIEHHE — 3HTAJIBIHKS.

1 — ucnapuress; 2 — KoMnpeccop; 3 — pacCIIHPHTeJbHasi MallipHa; 4 — KOHAeHCaTOp; & — Koredq;
6 — nATaTeabHLIt Hacoc; 7 — APOCCeNbHBIR KAamao.

AAAA
VYVWy
bl

&

IIpH 3aTpaTre NMpeHeOpeKUMO MaJiof paboThl, TaK KaK XKHAKOCTh Npak-
THYECKHM HeckKHMaeMma. TaKOH HacoC HCHOJB3YETCs H B aGCOpOIHOH-
HHIX MallMHaX, oH Gyner noapoGHee onucaH B § 2.8. Mexay cocros-
HHSMH e M [ 33 cueT BHelHero CrOpPaHUsl MOABOAMTCS TEIJIO B TEILIO-
oOMEHHHKe, KOTOPHIH MOXHO Ha3BaThb KoTJioM. MakcumaJjbHasi Temne-
paTypa B TOYKe | OrPAHMUHBAETCS TePMHUYECKOH CTOHKOCTBIO XJMano-
areHTa H Maciaa, a He TepMOAMHAMHKof. 3ToT mpefes OrpaHHYHUBAET
KII3 uuxna. Mexnay f u a pabGoyee Teso pacuIMpsiercsi, INPOH3BOAS
paboty, KoTopast 3aTpauMBaeTcs Ha NpHBOJA Kommpeccopa. Kak cxka-
THe, TAK U paclUHpeHHe 3JeCb XapaKTepPH3VIOTCS H303HTPONMHYECKHM
KII1 0,75.

dakTHYeCKH TEIVIOBOH HACOC COCTOHT M3 JBYX OTAEJIBHHIX IHKJIOB,
HO OGDbeIHHEeHHBIX AJs mpocToThi. UMeeTcda TOMBKO ONMH OOGIIHA KOH-
JlleHcaTop, a 06e POTAHHOHHBE MALIMHB HAEGHTHYHH H COeJHHEHBI 00-
LIMM BAJIOM.

IlpeHe6perasi HeKOTOPHIMH HETAJNAMH, MPOBedeM TIpPybyIO OlEHKY
Bo3MOXHO# Beanuunsl KITD. 31ech umelorcs TpH moToka macch Me,
M: u M, cOOTBETCTBYIOLIMX TpPeM YyPOBHSAM [aBJEHHS B CHCTEMe
(B HcnapuTesie, KOHAEHCATOPe H KOTJIe COOTBETCTBEHHO) !

(ha—hs) Mo
(hs—he) My
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IMpupaBuuBast paGory paclIHPHTeJbHOH MAalIMHH H KOMIIpeccopa,
nMeeM
(h[_ha) Mb = (ha—'hd) Mc-
Haxonen, u3 3aKoHa coXpaHeHUsI MATePHH
M, =M.+ M,.

7,3 // /
-7
~10 7 Tuen, G
Puc. 2.9. KII9 pBoftHOoro uHHK- Puc. 2.10. Cxema ABYXIONOCTHOrG po-
Ja PeHKHHAa @PH pasAHYHHX TAWHOHHOIO MOTOpP-KOMIIpeccopa.
TeMIlepaTypax KOHAeHCAaUHMH Tx. I — cxarue; II — pacmupenye.

Pellenne aTHX Tpex ypaBHeHHIl JaeT cJelylollee BbIpaXKeHHe AJSA

KI13:

h—hy ho—hy_

K3 = hy—hg hy—h,

Hcnonp3ys 3HaueHHsl, COOTBETCTBYIOUHe OGBIYHOMY OTOMJIEHHIO, MOXK-
HO mOCTpOHTb rpaduk puc. 2.9, rae B KauectBe pabouero Teaa NPHHAT
R11, makcumanbhas TeMnepatypa uukiaa 110° C u H303HTpOmHMUeCKHE
KI14 0,75.

Jas peanusanyu takoro KoMGuuupoBaHnHoro mukaa B CHIA npen-
JIOXKEHBl POTANMOHHEIE KOMIIPECCOPH! C JIOMaTKaMH HOBOTO THIIA, NO3-
BOJISIIOIINMYU paGoTtats 6e3 Macaa [2].

B Anrauu mpeisioxkeHa cHcTeMa, B KOTOPOH paclIHpeHHe H CXKaTHe
o0beuHEHH ellle 6oJiee TeCHO B ABYXMOJIOCTHOH POTAallHOHHOM MallH-
He. OHa CKOHCTPyHpPOBaHa ¢ MHHHMYMOM BpAaLIAIOLIHXCH yacTed MJIsl
CHHXKEHHsI KalHTAJOBJOXKeHHH H 3aTpaT HA obcayxuBaHxe. AHIIHi-
CKasi CHCTeMa pacCYHTaHa Ha cxkHraumve rasa (puc. 2.10), a amepHu-
KaHCKas — Ha COJTHEUHYIO 3HEPTHIO.

[TonoGuelil Xe LMK H3yuaeTcss B HHCTHTYTe Derrtens B JKeHese.
B sT0lt cxeMme. ABHraTelr ¥ KOMIpeccop OObeXHHEHB B CBOOGOXHOMOP-
UIHeBOH MallliHe, TaK¥Xe CoAepXallleh MHHHMYM [ABHXKVIIHXCS 4acTeH.
Ha3HayeHne MalMHBI — OTOIJIEHHE M KOHAMIHOHHPOBAHHE BO3AYXa
3a cyeT CXuraHus npupogHoro rasa. Ona nokasana na puc. 2.11,
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B0o3MOXHOCTL MPUBOAA TENJOBOrO HACOCA ¢ NMOMOLIbIO TEmI0BOM
MaliHHBl 10 LUKJAY PeHKHHA mpu HHU3KOH TemIiepaTtype B KOTie AejaeT
€r0 NEePCHNeKTHBHBIM TaKXKe /s KOHIHWHHOHHPOBAHHS BO3AyXa H OX-
JaxjeHHs BOABl 3a CUET COJHeUHOH sHepruu. Takoe HamnpabJeHHe
npeicTaBisieT ocOOBIH HHTepec AJsA CTPaH ¢ H30GMJIHEM COJNHeYHOH
SHEpPrUH, I'le XOJOAHALHEIH 3 (deKT ocobenno HyXKeH, MpHYeM HMEHHO

Puc. 2.11. CsoGoasonopuiHeBol MoTop-KoMnpeccop Berrens.

1 — 30JM0THHK; 2 — NOpLIEHb DACUIHPHTeNbHON MallHHB, 3 — KoMmmpeccop; 4 — Hacoc JAAsA XKHUA-
KOCTH.

TOTJa, KOTJa MOTOK dHepruu MaxkcumaabHblf. OQHAKO oxJaxaeHHe He
SIBJASIETC OCHOBHOH HEJIbIO TEIJIOBBIX HAaCcOCOB M B 3TOH KHHre jaJjiee
paccMaTpUBaThCS He OYAET.

2.8. ABCOPBLIMOHHbBIA HMKA

B npoueccax oxsaxjeHuss a6cOpOUHOHHBIA HHKJ yiKe HalleJa HpPH-
MeHeHHe B pas3jHYHBIX CXeMaxX H KOHCTPYKLUHSX, HO B KayeCTBe TElJIo-
BOTO Hacoca oH ellle Tpebyer mposepku 3ddextusnoctH. [Ipu o6bsc-
HeHHH 1IMKJIa HeH3MEHHO NPHXOAHTCH ero ynpowarts. OcHOBHble MpHH-
HUnB a6copGUHOHHOrO HHKJA OMHCHIBAIOTCS HA OCHOBE JIYYLIEro H3
H3BeCTHBHIX — XOJIOAHIbHOro uukaa I[lnaren — MyHTepe wuam <«3diek-
tposoke». Ha puc. 2.12 npunuunuajsphast cxema abcopOLHOHHOrO
HHKJIA corocTaBjeHa ¢ KomnpeccHoHHol. OueBHAHO, yTO0 aGcopOuu-
OHHBIf  TEIIOBOH  HAacoC COAEPKUT HCNApHTeNb H KOHAeHca-
TOp, KOTOpble paboTalOT TOYHO TaK Xe, KAK B MapOKOMIIPECCHOHHOM
uukie. Temsnora moJABOAMTCS K HCIIAPHTE/IO, BHI3BIBAS KHIIEHHE XJano-
areHTa NpH HU3KOM AaBjaeHHH. [loJe3Hoe TENIO OTBOAHTCH OT KOHIEH-
€aTopa, BHYTPH KOTOPOTO IIPOHCXOAHT KOHJAEHCAHHMS IPH BBHICOKOM
nasjaenun. OnHako B a6COPGIHOHHOM HHKJIe HCIOJNB3YETCS AOIOJIHH-
TeJbHBIH KOHTYP, B KOTOPOM TeueT XHIKHHA abcopOerr, HJIH pacTBoO-
putedb, Hcnapusmuiics xJagoareHt MOrJoMIaeTcss JMXHIAKOCTBIO I[IpH
HH3KOM JaBJeHHH. 3ateM XKHAKOCTb CHEIHaJbHBIM HAcOCOM IepeKa-
yHBaeTcs B 06J1aCTh BHICOKOTO [aBJeHHS, T'le [POHCXOAHT HOABOX
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Tensa, ¥ HECMOTPS Ha BBICOKOE MlaBjeHHe, Maphl XJMaJoareHra BbiAE-
JSIOTCA H3 KHAKOCTH. TTOCKOJBKY CMech XHAKOro abcopbeHTra M XJa-
J0areHTa MpPaKTHYECKH HeCXKHMaeMa, 3aTpaThl MOUHOCTH Ha Hacoc
npeHe6peXHMO MaJbl H HCTOYHHKOM IepBHYHOH 3HEPTHH SABJSETCS
TOJBKO TEWJIOTa, IOABOLUMAs K reHepaTopy napa, KOTOpHf Bceria uMe-
eT MakCHMaJIbHYIO TeMmIlepaTypy UHKIa. TemjloTa, BHIIENHBLIAACH B
aGcopbepe, CyMMHDYeTcs ¢ TeIVIOM OT KOHZeHcaTtopa, moatomy KOII
IHKJa Bceraa 6oJblie eJHHHIB.

Kax u Bce Apyrue LHKJB, 3TOT LHKJI MOXHO CPaBHHUTH C HJeajb-
HEIM IHKaoM KapHo. AGCOpGUHOHHBIH TENJIOBOH HAacoc-— 3TO IPOCTO

@ Puc. 2.12. ConocraBieHde 0pOCTOro
s a6CcopOLUMORHOI0 H INapOKOMIIPEeCCHOH-
32 33 HOTO HHKJOB.
] ] 1 — xoMnpeccop; 2 — HCHapHTeab; 3 — KOH-
Y Rencatop; 4 — a6copep; 5 — Hacoc; 6 — re-

HepaTop.

TellJIOBas MalIMHA, o0beJHHEHHAs! ¢ TEILIOBBIM HACOCOM; €ro xapak-
TepHble TeMIepaTyphl yKasansl Ha puc. 2.13. IIpu stom
KOIlk =1 _;_M
T (Tc—Tg)

Hekotopble 3HayeHHs npuBefenbl B Ta6/. 2.1, OHH THNHYHE AJS
JOMaIlHero OTOIVIEHHsI ¢ Y4eToM OGBIYHOrO YNpOINAKUEro Aonyule-
Husl, 410 Ta=Tc. DTH 3HAUYEHHsS He OYEHb BEJHKH, €CIH NPUHATH BO
BHHMAaHHE, YTO OHH XaPaKTePH3VIOT TeopeTHUecKHH mMarkcuMyMm. Temie-
parypa reHepartopa orpanngeHa 150° C, yto 06yciOB/IeHO CTaBGHILHO-
CTbIO MAaTePHAJIOB M YPOBHEM HAMPsIKEHHH, BHI3BAHHALIX [ aBJIEHHEM.
ITeprim warom B noshimenun KOIT pomxkHo 6HTh nossiieHue Tg.

Ta6auna 2.1. KOI nukaa Kapro aGcop6uyoHHOro TeNa0BOro Hacoca
npu T¢=150°C

T., °C 40 l 60 l 80
Ta, °C: —10 237 1,80 148
0 277 197 156

+10 345 2190 167

IlpaxTuuecku orpanuyeHHe IHK/Ia MOXKHO NPOLEMOHCTPHPOBATh HA
juarpaMme JaBJeHHe — TeMnepaTypa — KOHIeHTpanus (p—i—x).
OcHOBHEle MOMEHTH NMOKa3aHB Ha YINPOLIEHHOH auarpamMme pHc. 2.14.
Ha npaktuxke p—I{—x AuarpaMmbl AJs peajbHHIX Map X/JAag0areHt —
abcopOeHT CYIIEeCTBEHHO OTKJIOHSIOTCS OT NPSAMBIX H3-3a XHMHYECKOTO
CPOACTBa KOMIIOHEHTOB.

JBa xapakrtepHblX NaBJEHHs CHCTEMBbl NOKAa3aHbl JABYMs TOPH30H-
TajassMH. BepxHssi — DaBJieHHe B reHepaTope M KOHJAEHCATOpe W HHUXK-
HAs — B abcopbepe H ucnapureie. I aBjenue B KOHAeHCAaTOpE COOT-
BerctByer 100% xnapmoarenta, u TeMnepartypa B MCmapuTele TaKKe
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cootserctByer 100% xsagoareHTa npu HH3KOM AaBieHud. [{Be BepTH-
KaJIbHble JIMHHH MOKAa3bIBAIOT KOHUEHTPAUHH B HAeaJbHBIX YCJAOBHAX,
JOCTHXKHMBle IIPH TeMepaType H AaBjeHHH abGcopbepa H reHeparopa.

ITonoxuM, uro TeMmepatypa reHeparopa ¢HxcHpoBaHa. ITo mepe
CHIDKEHHS] TeMIIepaTyphl HCnaputens obe KOHHEHTpalHH cOJHKAIOTCHA,
Y10 CHHXKaeT 3G (PeKTHBHOCTh LHKJA, IIOCKOJLKY AAHHBIR pacxom LHP-
KYJHPYIOLIeHd XHUIKOCTH TePEHOCHT MeHblle XJaagoareHta. Ecau mosrl-
maTth Temnepatypbl abGcopbepa HAH KoHAeHcatopa, 3sbdexkr Oyzer
TakuM Ke. TakoBO mpocToe OGDBSICHEHHe MPUYHH, TIOUYEMY 3TOT TeIJIO-
BOH Hacoc uMeeT HH3Koe 3HaueHne KOIL.
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Puc. 2.13. A6cop6unonunit uuka Kapuo.

T¢ u Q¢ — TemmepaTypa H TelioBOH NHOTOK rexepatopa; TA m Qa — aGeopGepst; Tc u Qo —
Konaencatopa; QE u TE — ucnapurens.

Puc. 2.14. O6o6uwenHas auarpaMma p—i—x.

Otciona MOXHO Tak¥e BHAETb, YTO NPH HEKOTOPHIX KOMOHHAIMAX
TeMmieparyp aGcopOHHOHHBIN HHKJ Boobule HepaboTocmocobeH, MOC-
KOJIBKY HeT PasHHIbl KOHIeHTpauuil Mexay abcopbepoM H reHeparto-
pom. IIpu mocrtuxenuy aroro npeaesna KOII nagaer fo eAHHHIEL.

PeanbHble HUKJAB B HEKOTOPHIX OTHOUICHHSIX OTJIMYAIOTCS OT OIH-
CaHHOTO0, TaK KaK MAphl XJaJ0areHTa H PACTBOPHTEIS CHEUHANABHO MO/~
6MpaloTCa ¢ CUILHBIM B3aHMHBIM cpoAcTBOM. TpeGOBaHUS K CBOHCTBaM
pabouux Tea TaKOBHI:

1) cunpHOe CPOACTBO AJS MOJY4YEHHS GOJBIIHX H3MEHEHHH KOHIEeH-
Tpanui B pacTBopax;

2) BblCOKOe 3HayeHHe JeryuecTH Aas mnoseimmenuss KITI renepa-
TOpAa;

3) ymepeHHOe pabouee naBJeHHe, Onpelensiollee JaBJeHHE IapoB
XJaJl0areHTa;

4) xumuyeckasi CTaGUABHOCTh AJIs1 NPEJOTBpALIEHHS pa3JIOXKeHHA
B reHeparope.

AGcOpGIHOHHBIA HHKJ IIHPOKO NPHUMEHseTcsl AJsl KOHAHIHOHHPOBA-
HHf BO3[YXa H OXJaXJEHHUS C ABYMS NnmapaMH XJaJoareHT—pacTBOpH-
TeJdb: aMMHAaK — BOJAa H BOAAa — OPOMHCTHIA JUTHA (CM. TakXe IV B).
O6e mapel BelllecTB HMEIOT PsiA NPEHMYLIECTB, HO IIPH HCIOJAb30BAHHH
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B TelJIOBBIX HACOCAX Tak¥e H cyilleCTBeHHble HeNOCTATKH, YKa3aHHble
HHXKe:

AMMuak — soga

1. TTockosbKy Kak aMMHak, TaK H BojJa JalOT I[ap B reHeparope,
Tpebyercs pedIoKc-KOHAEHCATOD A5 pa3ieseHUs IOTOKOB.

2. AMMHax faeT nap CJHIIKOM BHICOKOTo AaBleHus (okogao 2 MIla
npu 50° C).

3. Ilapel amMMuaKa 3aMeTHO TOKCHYHBI, YTo TpeGyer OMpeaAcacHHBIX
MeponpHATHH 6€30MaCHOCTH.

4. AMMHaK BBI3BIBaeT KOPDO3HIO MEIH, U e€e HeJb3sl NPHMEHSTh B
Tennoo6MeHHOR annaparype.

Boga — GpoMMCTBIN NHTHH

1. 3pdexTHBHOCTL IHKIa OrpaHHYHBAeTCS HAYaJIOM KPHCTAJJIH-
3allid, ONpeaesoUlell TOCTHKHUMYIO KOHIEHTPaHHIO.

2. Bona kax xJaj0areHT HMeer OYeHb HH3KOe JaBJieHHe Mapos,
[I03TOMY BeChb LHKJ IIPOXOAHT IPH AABJEHHH HIXKe aTMoc(hepHOro.

. 3. Boaa zamepsaer npu 0° C, nosToMy HCHapUTeNb He MOXeT pabo-
TaTbh NpH 6oJiee HH3KHX TeMIepatrypax. ITO HCKAIOYaeT HpPUMeHeHHe
a6COp6IHOHHOTO TEMJIOBOTO HACOCA NMPH HCMNOJb30BAHHM HH3KOMNOTEH-
[HaNBLHOrO Temsia BO3ayXa.

Hccnenosano mMHOTo Apyrux KoMOGHHallM¥, CPeAM KOTOPBIX 0Ka3a-
JIECh TepCHeKTHBHBIMH XJagoareHTsl R21 uan R22 ¢ opranumueckumu
pacrsopurensaMu. HegocraTkoM GTOpOYIJIepoJHBIX XJaA0areHTOB $IB-
JaseTcsi 6osee HU3KAsA CTabGHABHOCTh NPH BBICOKHX TEMIIEPATypax reHe-
patopa. OHH CKJIOHHH K Pa3/I0XKeHHIO.

C yyetom TpeGoBaHui, HajaraeMbix BHIGOpPOM pabouux Tes LHKJA,
ero peaJibHas cxeMa ycjoxHsercs (puc. 2.15).

B sTOoM BojOcaMMHAYyHOM LHKJE INPOMEXYTOUYHBIA TeNJOOOMEHHHK
HTrpaeT TaKyl0 Xe pOJb, KaK H B MNapOKOMIPECCHOHHOM ILHKJIe
(puc. 2.16), oH no3soJssier NPHOMU3NTHL HcHapeHHe K H30TEPMHYECKHM
yeaoBuaM. JKHAKOCTHHE TENIOOGMEHHHK QUeHb BaXKeH JJIs NOBHILIe-
HHS 9KOHOMHYHOCTH. ITOCKOJIbKY pacTBOPHTENb HENpephIBHO LHPKYJIH-
pyer MeXay resHeparopoM H aGcop6epoM, OH CO3LaeT YTEUKY Temja OT
reHepaTtopa Ha 6oJiee HH3KHI TeMmepaTypHbHI#l ypoBeHb, YTO NOHHKEET
KIID cucremsl. HasHaueHHe XKHAKOCTHOrO TemlooOMeHHKA COCTOUT
B CHHXXEHHH 3TOH MOTEPH TemJa.

I'enepaTop uso6paxeH 31eChb CXeMATHYECKH B BHIe NHCTHIISHHOH-
'"HOH KOJIOHHHI JAJIi pa3jeseHHs aMMHaka H BoAbl. [lokasaHHHIH Ha
puc. 2.15 pexrutdukaTop MHOrAa HasblBAOT PedIIOKCKOHAEHCATOPOM
HJH, KOTJla OH pa3MellleH BHe reHepatopa, AedJermaropom. Ilocren-
Hee Ha3BaHHe CllelHaJbHO MOJYEPKHBAET OTAeJleHHe BOABI OT aMMHa-
Ka. Hasnauenne pexrtudukatopa @ TpybOmpoBOAOB, OTBOASLIHX KMI-
KOCTh OT HHMXKHeH yacTH TypOoreHeparTopa, COCTOMT B IOAAepKAaHHA
pacnpefie/ieHHss TeMNnepaTypsl BHYTPH KOJOHHBL TakKHM, 4TOOH pac-
TBOp aMMHaka > (eKTHBHO HCIapsJ/cs M 3aTeM OxJaxjajlcs. B xax-
ol cTymeHH 06e3BOXHMBaHHe aMMHMaKa mnoselinaercs. Iloapo6uHoe omu-
caHHMe 3TOTO Ipoliecca MoXHo Haiitu B [6].
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CyllecTBEHHO, uTO XJaj0areHT, MOKHJIAIOWUi reHepaTop, MOMKEH
6eiTh CBOGOAEH OT PacTBOPUTENSI. B NpPOTHBHOM cjydae HCHOAPHTENL
He cMoxXeT paboraTh. B HeM ucmapsercs mpexje BCero XJaJoareHT,
a B XKHIKOH (dase HaKamJIHBaercs pPacTBOPHTeJb, UTO BeleT K IPO-
IPECCHBHOMY TOBBILIEHHIO TeMMepaTyphl HCHNAPEeHHst HIH CHHAKEHHIO
napiaenus. O6a 3TH SBJEHHS CYLIECTBEHHO CHHXKAOT 3(P(eKTHBHOCTb
CUCTEMBI.

HauGoace usBectHoOi aGCOpGUHUOHHCH CHCTEMON SABJASETCS XOJO-
auapuuk Ilnaten—Mynrepca uau «Electrolux». 1o TpexxuaxoctHas
cHcreMa, pafoTallas Ha OJHOM YPOBHe NaBJieHHS (ecJH OTBJeubCs

///-
NH3(map)+H
7 3 z 5
1 5 ‘ NH3(”ﬂﬂ)+HZ
g 7 n NH;z(nap)

Puc. 2.15. Cxema peasbHoro aGcopOinoH-
HOTO TelJIOBOTO Hacoca.

1 — ucnapuresp; 2 — IPOMEXKYTOUHBIN  TCNN006-
MeHHHK; 3 — aGcoplep; 4 — Hacoc; 5 — PCKTHDH-
KaTop; 6 — reHepatop; 7 — KoHpencarop; &8 —
KHUAKOCTHBI TEMJMIOOOMCHHHK; 9 — APOCCCAbHDIK
KJanat.

Puc. 2.16. Lluka «DJeKTPOTIOKCS.

i/ -—Tenano or HarpeBatess; 2 — rencparop; 3 —
cenapaTop; 4 -— TEIJIO K NOTPCOGHUTCTIO; 5 -~ KOH-
ACHCATOP: 6 — TCUAC OT HH3KOMOTCHUHANLHOrO
HCTOYHHKA; 7 — Ecmapureab; § — temaoobMen-
HHK; 9 — Tenjio K porpeburento; [0 — aGeopGep.

OT SBJICHHH KOHBEKLUHMH MPH BCIUILIBAHWH ny3bipbKoB). HMcmapenne am-
MHaKa NPOUCXOAHT NPH CMEIIUBAHHH JXXHIKOCTH C ra3’oo0pasHHM BO-
IOpOAOM B OJHOH H3 yacTel KOHTypa. IlOCKOJMBKY XHAKHA aMMHaK
OpH HCMAaPeHHH TOBHIIaeT NMaplHaJbHOe J[aBJieHHe, OH HCIAapsercs
Tax, Kak 6yATo OH HaBjedHe HaKTHUECKH MOHHIKEHO, T. €. B YCJAOBHAX
MOHHAKEHHON TeMnepaTyphl. Takoe H3sllHOE pell€HHe HCKAIOYaeT He-
06XOAUMOCTb B KaKHX OBl TO HH GBUIO ABUXKYIIHXCH Aeransix. [losHoe
OMHCaHue 3TOH HHTEPECHOH CHCTeMbl 3aHAJO GBI CIHIIKOM MHOIQ MecC-
Ta, HQIII%TaTeJIIO peKoMeHayeTcs OOpaTHThCA K AMarpammam IHKJIA Ha
pHc. 2.

2.9. APYTME TMINbl TENNOBLIX HACOCOB

KpoMe omnucaHHbIX IHKAOB CYIIECTBYET MHOMXKECTBO JPYIHX
YCTPOMCTB, KOTOPhle MOXKHO Ha3BaTb TEMJOBHIMH HacocaMH. B ocuos-
HOM OHH elle CJHHIIKOM JOpPOTH JAub60 3HepreTHYeCKH HGS(bd)eKTHBHbI.
IlpuBenenuslit Huxke 0630p TAKHUX YCTPOHCTB — MOJIE3HHIA HCTOUHHK
HadopMaLHi.
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JLJ1s IpoXOXAEeHHS OYTH OT CXeMBl 0 PeajH3anHH HX B MeTajule
HYXHO NpPeOJOoJeTh CYUlecTBeHHbie (HHAHCOBble H TeXHHYeCKHe mpe-
MATCTBHSA, OJHAKO B clydae HEKOTOPHIX 3K30THUECKHX TeIJIOBBIX HAaco-
COB NPEMATCTBHSMHU HABASIOTCH TaKXe H NPeApacCyIKH BMecTe ¢ 6053-
HbIO HOBOBBEJEHHUH.

2.9.1. UMK CTUPJIUHTA

B 1816 r. 6bi1a 3anaTeHTOBaHa TeNJoBas MalliiHa ¢ BHEUIHHM Cro-
paHHeM H BO3JYyXOM B KadectBe pabouero Ttena. Ilukn Crupaunra
BKJIOUaeT H30TePMHUECKHHA TemjJOOOMeH H HU3MeHeHHe [aBJIeHUS] TIPH
MOCTOSHHOM yJeJbHOM o0beMe, YTO
JOCTHraeTcs ¢ NOMOIILIO BHYTpEHHe-
Ty 7 ro Tenaoo6MeHa B reHepaTope.

Ilukn mnosicHsercs Ha pHe. 2.17
U F € TOMOUIbI0 p—v AHarpaMmsl. Hso-
TepMHUEeCKOe cXKaTHe OT TOUKH [

Pecerepamay

b 7 .
X Touke 2 MPOHCXOAHT NPH BHEUIHEM
fb OXJIaXKJIeHHH rasa. [Ipu npoxoxaeHuu
yepe3 pereHepaTop ras Harpesaetcs
Ty 7, 3a cueT ero Temnsa, KOTopoe sBJsfeTcs

BHYTpeHHHM. Mexay toukamu 3 u 4
E:%E K ra3y IOJBOAHTCS BHEIIHEE TelJo, H

OH pacClupsieTcs, INPOHU3BOAS IOJe3-

7 % Hylo pa6GoTy, a 3aTeM BO3Bpallaercs

a Py b Ha3aj yepe3 pereHepaTop, Iie OXJax-
naercs JO COCTOSIHHsA B Touke I.

Ty 7 Hukn CTupsuMHTa HHTEpeceH TeM,

YTO BCe MPOLECCH B HeM OGpaTHMEI,
a BHeIIHHH TensooOMeH INPOXOJHUT
H30TepMHUECKH, OTKYAa cJelyer, UTO
upeaJbHui uMKA CTHpJHHrA HMeeT
KITJ upeansHoro nuxiaa Kapuo. 1o
K€ OTHOCHTCH H K XOJORHJBbHOH Ma-
UHHe H TeNJOBOMY Hacocy, pabortalo-
meMy no uukay CTHpJHHTA.

IIpuHATasi B OMHCAaHHH HHKJIA He-
KOTOpast HAeajaH3alHs He COOTBeT-
CTByeT peasibHOMY HHKJYy. OcHOBHBIE
v JOMYIIEeHHs] TaKOBBI:

1. IBuxKeHHe NOpUIHA MpeAioJa-
rajjocb NpPEepPHBUCTHIM, a He CHHY-
COHIaNbHBIM.

2. Perenepatop 6e3 tpenns u co 100%-Hoi# addexTHBHOCTBIO.

3. BuemHu#i Temioo6MeH ¢ NOMOINBIO HAEaJbHBIX Temnao00MeH-
HUKOB,

TennooGMeHHHKH Bcerfa NPeNCTABAAIOT NpoGJeMmy A8 MalIHH ¢
BHEIIHHM CTOPaHHeM, H B Je{CTBHTEJbHOCTH HMeIOTCS [Be CYLIeCTBeH-
Hble Pa3HOCTH TEMMEepaTyp NIPH HCTOUHHKe H cToke Temsa. Ho, Hecmo-
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TPl Ha 3T TPYAHOCTH, UHKJA CTHPJHHTA YCHEIUHO HCNOJb3YeTCs B He-
KOTOPBHIX HH3KOTEMIEPATYPHHX XOJAOAHNBHHKAX. i

Ha puc. 2.18 nokasana 3JeraHTHass KOHCTPYKIUs ¢ V-06pasHbIM
HOPIIHEBHIM KOMIIPECCOPOM.

B nonoxenuu I rasoo6pasHoe paGouee TeNO CXKHUMaeTcs H H30-
TePMHYECKH OTAaeT TENIO TEIMIOBOMY CTOKY —— HaHGOJee TopsAYedl TOU-
Ke IHKNa. B nonoxeHuu 2 ra3 TPOXOJZHT uYepe3 pereHepartop IpH
[IOYTH MOCTOSIHHOM o0GbeMe, a 3aTeM paclIHpseTcs, OLZHOBPEMEeHHO BOC-
NpHHHMas Tenno. PereHepatop oxJaaXjpaer ras, Tak u4To B 3TOH TOUKe
JOCTHTaeTCs MHHHMaJbHas TeMmepaTypa HHKJAa. B nonoxenusix 3 u 4
ras Bo3BpalllaeTcs uYepe3 PereHepaTop CHOBA NPH NMOUTH MOCTOSHHOM

Puc. 2.18. Xonoaunsuas Mawmuxa no nukay CTHpJHHETA.

!/ — KaMepa paclHpeHns; 2 — NOT/OWIEHHe Temaa; 3 — paccesHHe Tensa; 4 — Ka-
Mepa CXKaTHSA; § — pereseparop. )

o6beMe, HO 3ech ra3 3HauUUTENbHO GoJiee paspexkeH, H OH NOIVIOLLaeT
TemJIo OT pereHepaTopa. :

OueBHAIHO, YTO B 3TOH peatbHOfl MalIMHE HMeercss KOMIIPOMHC
MeXIY MJeaJbHbBIMH NPOLECCAMH TIPH MOCTOSTHHOM oGbeMe H IOCTOSH-
HOH Temmeparype, HO ee 3((EKTHBHOCTL OCTAaeTCA BHICOKOH, H B 3TOH
ob6nacTH NpoBOAATCS HHTeHcHBHBle paGoTh. OfHa H3 pasHOBHAHOCTEH
omucana B pa6oTte [4] — 310 cBOGOAHONOPIIHEBON ABHraTeNb — TEIAO-

Boil Hacoc nmo uukaAy Crupiaunra, wHasBauspifi Jynaekc—CTHpIHHT
(puc. 2.19). '
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CuHrasi Temjloo6MeH H3oTepMHueckuM, B [4] mokasauo, 4To Temo-
BOH Hacoc Aaer TEMJIOTY

Q = RMHe Tz li’! (Pz/ﬂa)-

[MpupasuuBas noTokHu Temya B pabore [4] Takum o6pasom, kak B § 2.7
A/s ABofiHOro HHKAa Penkuna, noxcantanu KI1D cucremel. Pesyabra-
TH NpHBeldeHH B Taba. 2.2.

B cpaBHeHHH ¢ 3¢ eKTHBHOCTBIO, PacCCUHTAHHOH JJA JABOAHOTO
mukaa PeHkuHa, 3TH nmudpH NpeANOUTHTENbHee, HO OKOHYAaTeJbHHH

XosoBursHar MELUAE l///lliiiwz Féuzamens
g &
\ \

4
\

Z\ -
=T
Rl L — '_] 11

\7

Puc. 2.19. 1luka Jlynaexc — CTHpPJHHET.

1 — HU3KONOTEHIHAJbHOE TEeNMNO; 2 — KaMepa DacCIUMPOHAA; 3 — pereHepaTop; 4 — KaMepa CKa-
THA; § ~ [OPILIEHb; 6 — TENN0 OT HarpeBaTeAd; 7 — COPOC TeMAa NpH OKPYyXKalollefl TeMIepatype.

BHIBOJL O NpeHMYVIllecTBaX CPaBHHBAaeMbIX CHCTeM MOXHO Oyjer cjhe-
JaTb Nocje CO3AaHHA H HCOBHTAaHUS paloTaloUHX CUCTEM CO BCEMH HX
TenJ000OMeHHHKaMH.

Ta6aununa 2.2, KM pas TenaoBoro Hacoca ¢ ABOAHBIM UHKAOM CTHPAMHTA

Temne;;aryé)a nuKaa, Temnepatypa IHKAA,
Temnepa- o Temnepa- °C
Tk ko | | homor, Kn
| cpean, °C MHHH- MAaKCH- = cpeant, °C MHHH-~ MaKCH-
E MasibHast MalbHag E MaabHas MaabHast
25 —29 —45 61 1,39 -7 —23 66 1,70
—18 —34 62 1,47 4 —12 67 1,85
—7 —23 64 1,67 —29 —45 66 1,69
4 —12 65 1,70 35| —18 —34 67 1,70
30 —29 —45 64 1,49 —7 —23 68 1,83
—18 —34 65 1,58 4 —12 69 1,99

2.9.2. UMK BPARTOHA

STOT UHKA B OCHOBHOM NPHUMEHSETCA AJs rasoTypOHHHHX IBHra-
TeJlel INPEHMYIIECTBEHHO KaK OTKPHITHH IIHKJ, B KOTOPOM BO3JAYX
3acachBaerc H3 aTMoc(epH, a rasooOpasHbe NPOILYKTH CrOpaHus
BHIOpACHIBAIOTCA B aTMOC(epy, HCUOOML3YeMYI0 KakK Ge3rpaHHYHBIN
TeTIoBOH CTOK. IIpH paccMOTpeHHH 3aMKHYTOro HEPreTHUECKOro IHK-
Jaa ero «atMmochepHas» dYacTb H306paxkaeTcsl KaK OxJaxJeHHe IIpH
NIOCTOSIHHOM paaBJsieHud (puc. 2.20).

[Tpunnunuanprasi ocoGeHHOCTh UHKJAa DpafiToHa, npeAcTaBJfo-
A MHTepec A TEIJIOBHX HAcOCOB, COCTOHT B BO3MOXKHOCTAX IpH-
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MEHeHHa npHBOAHOIG ABHrateNa ¢ BHOIIHUM CropaHueMm fipu npuemae-
Mol 3t dekTuBHOCTH. MneaNbHRIME  NPHBOXHEIMU ABHTATENSIMH JJS
TEIJIOBOTO Hacoca ObH GH BpallalollHecss MallluHpl, paboTamllde B
HY>KHOM HHTeDBaJle TeMnepaTyp H AaBjeHuil. Bece tensio, cOpachiBae-
MOe Ha HU3KOTEMIEepaTypPHOH cTOPOHe ABHIaTeNsl, MOIVIO 6Bl CKJalbl-
BaTbCSl C TENJOM, JaBaeMBIM TEIJIOBHIM HAcoCOM NpPH TeMmepaType
B TOuKe 2, yTo noBbicHI0 661 KI13 cucremsl.

B NpoMHUINEHHHX TENJIOHACOCHHIX YCTAHOBKAX MOIIHOCTBIO B Jle-
CATKH MeTraBaTT MOMKHO NPUMEHATH CYIIeCTBYIOLIHE T[a30TypOHHHEE

7 V4 gﬂ//
7 VW

z
3 L]
\

§

Puc. 2.20. Tennocunosoit nuka Bpaittona.
1, 2 — noxsopx renna; 3, 4 — OTBOZ, Tenja.

ycranoBku. Mneanpubim 6bl10 6B cOYETaHHe ra3oBol TYPGHHH C IleH-
TpoOeXKHBIM KOMOpPeCcopoM, paloTaloIlHM NPH TOH XKe CKOPOCTH Bpa-
LIeHHS M BXOASIUIMM B TeNJoHacOCHHI uuka Penxuna. Bce c6pocHoe
TeMJI0 Ta3oBOH TYpOGUHBI 3fech MONJIO OH CKAAIBIBATHCA C TEMJIOM,
BOCCTAHOBJIEHHHIM B TensMoBoM Hacoce. Ilo-BHAMMOMY, KamnHTaJOBJIO-
KeHHS H SKCIyaTalHOHHBIE PACXOAB TAaKOH yCcTaHOBKH OYyAyT OUeHb
BEJHKH, NMO3TOMY, HeCMOTPS Ha GOJBLIYIO KOHOMHIO TOMJNUBA, TaKasi
MallHHa NOSBUTCA HECKOPO.

TennonacocHutit nuka BpafiTona — 310 o6pauleHnblit sHepreTHYEC-
Kuit mukA (Ha puc. 2.21 nokaszan 3samkuyteM). OH GbiBaeT ABYX THIOB.
IlepBHIft B3 HHX — 3acacbiBaHHe OKPYIKAIOIlero Bo3AyXa B Touke I,
HAarpeB 3a CYET CKATHsA N0 TOYKH 2, OTAAua MOJE3HOTO Tema MeXAy
ToykaMHd 2 B 3 ¢ MOMOIUBIO OXHOTO HJIH JBYX TemI0OGMEeHHHKOB, pac-
mupende B Typ6une 3—4 u BHGpoc Bo3ayxa B atmochepy. OTMmernM,
4TO 3/lech TPYAHO MOJNYYHTL CYLIECTBEHHYIO PAa3HOCTb TeMHOepaTyp
mexnay T u Ts.

Jlpyroit THn moka3aH Ha pHc. 2.22. 31ech BHelIHUN BO3LYX 3acachl-
BaeTcsd B TOUKe 3, pacuIupsieTcd IO NaBJeHHs HHXKe aTtMmocdepHOro,
HOofoTpeBaeTcs B TeMNOOOMEHHHKe OKPYKAalOUUM BO3LYXOM, a 3aTeM
CHOBA CXHMaeTcs IO JHaBJeHHS B o0orpeBaeMOM mnoMellleHHH (TOY-
ka 2). OcnoBHas npo6ieMa 3TOH CXEMBI COCTOHT B CO3JaHHH MAalIHHBL
IS IaBACHHA HAXe aTtmocdepHOro H B o6Mep3aHHH TemICOOGMeHHHKA.
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Ente ofna BO3MONKHOCTE HAMOCTPUPYRTEH ¢ NOMOLIBIO  OttHCAHUA

aBTOMOGHILHOTO BO3LYIIHOTO KOHAULHOHepa «Rovacy.
OcHOBOII cHCTeMbl Ha pHc. 2.23 cAyXKHT POTAIHOHHBIA ABYXIOJOC-
THOI KOMHpeccop-pacllHpHUTeNb, MOLOOHBIHA ycTpoficTBy Ha puc. 2.10.

Z

7 t__g ' \

J o3
, 7
)

/4

Puc. 2.21. Tennonacocuuift uuka Bpafitona.
I—4 — TenN006GMEHHHK HHM3KOro JAaBAeHHS; 3, 4 — paclIHpHTelbHas MallHHa; 2, 3 — renaoobmett-
HHK BBICOKOTrO AaBaeHHs; [—2 — Komnpeccop; § — ABHraTesb.

OkpyxKaloluil BO3AYX CKUMAETCs, OXJa¥aaercss A0 TeMIepaTyphl OK-
pyXaloueil cpeibl, 3aTeM pacilUpsieTcsl ¢ NMOHHXKEHHeM TeMIepaTypH
H nojaercsd B caJoH aBToMOGHJA. TakuM o6pa3oM, B aBTOMOGUTe
IPOUCXOAHT KOHJHUHOHUPOBaHHe BO3AYXa Ge3 PEUHPKYJSLHH ¢ IOMO-
H{BI0 OueHb KOMMAKTHOTo ycTpoiicrsa [5].

Han6onee mupokoe NpHMeHeHHe OXJNaX[IeHHe 10 HHKAY BpaiToHa
HaXOAHT NMPH KOHAHIIHOHHPOBAHHH BO3/yXa B TacCCaXXHPCKHX caMoJie-

e
§a A

Puc. 2.22. OtkpuiTail Temonacocuntfi uuka Bpaiitona.

/

Puc. 2.23. Motop-komnpeccop «Rovacs:

I — K TenIooGMeHHHKY; 2 — CTOPOHA CXKAaTHS; 3 — BXOX TEMJMOBOrO BO3LYXa; 4 — DPEeryJaHpoBoi-
HBEIt KAanaH (Npd HagoGHOCTH); § — BHIXOA XOJOAHOIO BO3RyXa; 6 -— CTOPOHA pacHIMpeHHs; 7 —
OT TenaooGMeHHHKaE,
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rax. ITockonbKy HeGOAbIIOE KOMHYECTBO CKAaTOro BO3AYyXa BCeraa
MOXKHO MOJYUHTb OT ABHraTesedl M OXJaAHTh e€r0 MOTOKOM OKpYXKalo-
11Ier0 BO3AYXa, OXJMaxkAeHHHH BO34YX MPOCTO MOAaeTcsi B KaGHHY, NOA-
LepKuBasi B HEH 1apJeHUe H cHaGXKasi CBEXKHM XOJOXHBHIM BO3AYXOM.

TeopeTHuecknit pacuer TemI0BOrO Hacoca ¢ JBOHHBIM IIHKJIOM
Bpafitona mnpusenen B pabote {4], a ero pesyabtarhl NOKa3aHH
B Taba. 2.3.

TaGanua 2.3. KNI gsoiinoro uukaa Bpaittona npu MuHHMaAbHOR
BHyTpenueil Temnepatype 21 °C

Ie} Maxkcumanbras n
Temepatypa, °C eunepatypa Kra K antarons "

—29 56,7 1,50
—7 59,4 1,76 25

—15,6 —_ 1,94

—29 59,4 1,63

—18 . — 1,75 30
-~T7 62,2 1,91

—15,6 — 2,1

—29 61,7 1,74 35
—7 64,4 2,06

Bricokne 3nauenus KIID obwacusiorcs caepyoomum: 1) rasosas
TypOHHA HaNpPSAMYIO COeIHHEHa C BO3LYWIHBIM KOMIpeccopoM; 2) aJjs
HeO6XOIHMOH HHTEHCHBHOCTH TEMJIOOOMeHa C OKDYXAIOIIHM BO3LYXOM
npu 21°C norpe6oBasach BBICOKasSs MaKCHMaJbHas TeMmIepaTypa
IHKJA.

2.9.3. TEPMOINEKTPHYECKMA TENNOBOW HACOC

TepMosnekTpuueckuit TenaoBof Hacoc, Hau IleabThe-THO TEMJIOBO-
ro Hacoca, JOCTaTouHO H3BecTeH. OH HalleJ OJHO HJH JBa TpHMeHe-
HHS, TJ€e XOPOLIO YIOBJIETBOPsIET NpeibsBJAeHHBIM TpeGoBaHHSM.

Harpes u oxnaxjaeHue crnaeB MexXIy Pa3HOPOJIHHIMH MaTepHaJaMH
BHI3HIBAIOT NpOTE€KaHHe 3JeKTpHyeckoro Toka. OGpartHbeit 3ddekT
COCTOHT B TOM, YTO NPONYyCKaHHE 3JEeKTPHUECKOTO TOKa uepe3 TaKHe
CraM BHI3HIBAaeT NOTOK Telia. DJeMeHTapHBIH TepMOaJeKTpHUeCKHH Tel-
JIOBOfI Hacoc MOJyyaeTcs IpPH COeJHHEHHH NOJYNPOBOIHHKOB p- H
n-THNa, KaK MOKa3aHO Ha pHuc. 2.24. B s3ToM caydae mpoTekaHHe TOKA
B YKa3aHHOM HalpaBJIEHUH BHI3BIBaeT MOTOK Tella OT cnas n/p K MoA-
BOASILIHM TOK 3JIEKTPOLAM.

TensoBo#t moTok cBsi3an ¢ koabduuuentom 3eebeka S. [lokasarenn
NOGPOTHOCTH TEPMO3JEKTPHUECKHX MaTepHasloB HMeeT BHI S%/kp, rie
k — TenyIonpoBOIHOCTb; 1/p — 3/AeKTPONPOBOAHOCTb. DTOT NOKa3aTesb
3aBHCHUT OT TeMIEpPaTyphl, MOTOMY MaTepHaJbl AOJKHH OHITbH BHOpa-
Hbl B COOTBETCTBHH ¢ paboYUM HHTEPBAJOM TeMIepaTyp.
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TennoBoit 6ananc OXHOTO NJjeya TEIMJIOBOTO Hacoca (cM. puc. 2.24):

_ _ PIL/A) At

Q=3Ty1 2 a TR

YeTbipe 4JeHa CIpaBa OTPAxKAalOT COOTBETCTBEHHO TEPMOIJIEKTpH-
YeCKHI TEIJIOHACOCHHIE 3¢ deKT, AXKOYJeB HarpeB MNOJYNPOBOAHHKA,
MOTOK TeMJIa 33 CYET TENJIONPOBOJHOCTH OT TOPSUEro crnast K XONOIHOMY
M JKOyJeB HarpeB cnas. OTMeTHM, YTO €CJIH npeHeGpeub MocJjelHHM
YJIeHOM, TO 1Jis1 3afaHHBIX [ u L/A BeanynHa Q He 3aBHCHT OT pa3Me-
pOB ycTpoficTBa. JTO MO3BOJSET peau30BaTh €ro MHHHATIOPH3AIHIO
JAO Pa3MepoB B HECKONBKO MUJIJIMMETPOB.

E | /

Pre. 2.24. CxemMa TepMO3JEKTPH- - -
YeCKOro 3JeMeHTa.

Prc. 2.25. TepMosnekTpHuccKAl ¢TaGHAN3ATOP TOUKH NJIaBJIECHHAS JbAA.

1 — OXRAaXAAIHA MOAYAb (TemoBOR Hacoc); 2 — oTBoj Temaa; 3 — caoft Abma; 4 — repmonapa;
& — Tpy6ka ¢ o6pa3liaMH; 6 — repMeTHYHasa KaMmepa; 7 — MHKDPOBLIKJIOYaTeNAb,

Peanbuble TensoBsle Hacoch coGHpaloTcest U3 GOJBLIOrO Yucia 3Je-
MEHTOB, COeIHMHEHHHIX IOCJIeJOBaTeNbHO, a B TEIJOBOM OTHOLIEHHH
KaK HOCJeJOBaTeNbHO, TaK H NapaJliebHO, OTKY/la BO3HHKAIOT Mpobie-
MBI OJJTHOBPEMEHHOTO IOJYYeHHS TEMJOBOTO KOHTAKTA M 3JIEKTPHUECKO
H30JISIIIHH COeLUHEHUS.

HecMmorpa Ha mpoGseMB OTHICKaHHS HeZOPOTHX H 3((deKTHBHLIX
HOJIYNIPOBOZHHKOBHIX MaTepHAaJIOB H HX TILATeJNbHO!H CGOPKH, 3TH yCT-
poficTBa Hall/NH ABa HHTEPECHBIX NPHMEHEHHs, B KOTOPbIX 3HAYeHHS
KOII 6.1M3kH K LOCTHTHYTHM B aGCOPGLHOHHOM IIMKJIE.

Hpumep 1. OxaancOenue ayopecyenTroix aamn 013 no0depitanus
onTumanrvrozo dasaenus. TlpuMeHeHHe OMHCAHHOTO YCTPOMCTBA 3Jech
yao6HO 6Jaaronapsi ero MaJjJoOMY pasMmepy H IOABOLY 3JeKTPONUTaHHA
K camoil namne. He6osblloe yBesHYeHHe pacxofa 3JMEKTPOIHEPruH
OKYyNaeTcsl CyIleCTBEHHBIM YJAyUllleHHeM CBETOOTAauH [7].

Ipumep 2. ITo00epsanue Hyaregoi Temneparyps. X0A00HO20 Cnas
repmonap (puc. 2.25). 3nech TepMOdNEeKTPHUECKAst CUCTEMA TOIXOMHT
HleaJIbHO, MMOCKOJIbKY OHA peBepcHBHA U oGecrneyHBaeT CTPOro Hpomop-
I[HOHaJIbHOE ynpaBJeHde. Kpome TOro, B OTJIHYHE OT APYTHX XOJOIU/b-
HBIX CHCTEM ee JIETKO MHHHUATIOPH30BaTh *.

* OGa aTH mpHMepa aKTHUECKH He TeMJIOBHE HACOCH, 4 TEePMO3JIEKTPHUECKHe
KONIORH/bHHKH, He NpeAHa3HaueHHble A/ TellocHalkenuda. — [lpum. nep.
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2.9.4. MEHEE M3BECTHBE CUCTEMbBI T

HMeetcss MHOTO APYTHX THIIOB TEIJIOBBIX HAcOCOB: OOpallleHHBIH
TOILIMBHBIH 3JIEeMEHT ¥, TelJIOBOM HAcCOC ¢ HCMONb30BaHHEM TENJOTH
NJ1aBJEHHS, MEXaHOXHMHYECKOr0 H MarHeToKajJopHueckoro 3ddek-
TOB. 3a HeJOCTATKOM MHGOPMALHH OHH 3/leCh He ONHCHIBAIOTCS.

MHoOrHe IHKJB, PACCMOTPEHHBle B 3TOH TJIaBe, MOTYT BCTpeYaTbes
Ha TPaKTHKe B Pa3JHYHBIX KOMOGWHANMAX, HanpHMep uHkKasl OTro—
Penkuna, Bpafitona — Penkuna, Ctupaunra — Penkuna. B apyrux
OPUJIOKEHUAX MOTYT MPeJCTAaBUTh HHTepec UHUKJAH PeHkuna — DBpaii-
ToHa uad Crupaunra — Bpaiitona. O6nacTy npuMeHeHUs] 3THX HHKJOB
CO BCEMH HX BapHauusiMu GecnpelesbHBbl.

FTnasa 3

OCHOBHbLIE 3JIEMEHTbl KOHCTPYKUMH

3.1. BBEAEHME

ITocne BrGopa HmHKAA, HaHGoJAee MOLXOASIIErO B JaH-
HOM NPHJIOXKEHHH, HEOGXOAHMO HCCAENOBaTh KOHCTPYKIHIO JeMEeHTOB
TEIVIOBHIX HacocoB. HacTosimas riiaBa mocBsllleHa OCHOBaM KOHCTpYH-
pOBaHuUs, BHIGOPY OCHOBHBIX KOMIIOHEHTOB H CHCTEMHl YNpaBJeHHs, He-
06X0XUMHX 1751 3¢deKTHBHON paboThl ycTaHOBKH. XOT B V. 2 ymHo-
MSIHYTO MHOXKECTBO PAa3/IHYHBIX LIUKJOB, HACTOSAIIAsl IVlaBa MOCBSIIeHa
TOJIbKO TaPOKOMIIPECCHOHHOMY C pasJIHUHLIMM BapHaHTaMH IPHBOAA.
Hckatouenus oroBopeHs! CleiHaabHo.

3.2. BbIBOP PABOYETO TEJA

HuanasoH pabouux tes daktuueckn Gesrpanuued. Kaxzpas Xun-
KOCTb, ClIocOOHasl HCIapsThes B HHTepBaJje AaBnaeruil ot 0,1 xo 2 MIla
IpH IpHeMJAeMOil TeMmepaType, mpeiacTaBiaser uurepec. Ho u 3a mpe-
JIeNaMH YKa3aHHOTO HHTEPBaJia MOTYT OTKPHITHCSI HOBHIE BO3MOXHOCTH.

CJlenysl yCcTaHOBHBIIEHCS] MpaKTHKe, MPOHYMEpyeM XJaJoareHTH B
COOTBETCTBHH cO cTaugapTHuIM nepeuyHeM ASHRAE. Ouu paspgeneHnl
Ha TaJoHIOYIJEePOAHble, IUKIHUECKHEe OpraHHYecKHe COefAHHEeHHS,
a3e0TPONH YIJeBOLOPOAH, KHUCJAODOJHBIE COeIHHEHHS, a30THHe cOefH-
HeHHsl, HeOpPraHWYeCKHe COeJHHEeHHS H HeHaChIlleHHHe opraHuyecKue
coenuHenusi. Ianee paccMaTpHBAIOTCS B OCHOBHOM TaJIOHIOYTAEPOI-
HBle COeJHHEHUs], U3BECTHHIE MO UX TOPrOBHIM HauMeHOBaHHAM: P peoH,
Apxron, Fenerpon u T. . B cootBerctBuu ¢ o6osnayenusMa ASHRAE
oHH JaJnee o00603HayaloTCsl npocTo, HanpuMmep, kak R12 (CClyFy).

Ha nepsriil B3rsj, BHIOOP pabouero Teja HENOCPEACTBEHHO BJHAA-
er ua KOIL. Ha npakruke, ognaxo, KOII ocraercss moYTH mOCTOAHHBIM

* UMeercsi B BHAY JEKTPOXHMHYeCKHit reneparop. — IlIpunm. nep.
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TaG6auuma 3.1. CpofictBa XJajA0areHToB

Jasnenne Xonogo-
Hapnenne B KoHftet- | OTHoweHue DPOH3BO-
Hiadp Xnanoarenr B Hcnaputente,|  carope, naBAeHuR JAHTENb-
0,1 MIla 0,1 MIla HoCTR,
! Kk /XD
170 { drau 16,3 46,6 2,86 136
744 AY Oxuce asora 21,3 64,6 3,03 198
744 | Ilsyoxkuch yraepoaa 22,9 72,1 3,15 129
13B1 | BpomTpudTOopMeran 5,38 18,0 3,36 68
1270 | Iponuuen 3,56 12,5 3,51 402
290 | IIponan 2,89 10,7 3,70 281
502 | 22/115 Aaeorpon 3,49 13,1 3,75 106
22 | Xnopaudropmeran 2,95 11,9 4,08 163
115 | XnopnentradropaTan 2,66 10,4 3,89 68
717 | AMmuak 2,36 11,7 4,94 1103
500 | 12/152a 2,14 8,79 4,12 141
Aszeorpon
12. | Huxnopaudropmeran 1,82 7,44 4,08 116
40 | MeTunxJaopHzL 1,46 6,53 4,48 349
600a | Mso6ytan 0,90 4,10 4,54 259
764 | Isyokich cepH 0,81 4,58 5,63 329
630 | Mernnamun 0,68 4,24 6,13 707
600 | Byran 0,57 2,85 5,07 299
114 | Duxnoprerpadropsran 0,47 2,53 5,42 100
21 | Duxnopdropmeran 0,36 2,15 5,96 208
160 | druaxnopus 0,32 1,86 5,83 331
631 | DrunaMun 0,23 1,70 7,40 525
11 | TpuxaopdropMeran 0,21 1,25 6,19 155
611 | Metundopmar. 0,13 0,96 7,74 440
610 | drunosuf adup 0,10 0,85 8,20 294
30 | MeTuaeHxI0pHA 0,081 0,69 8,60 313
113 | TpuxsoptpHdTOpsTaH 0,071 0,54 8,02 125
1130 | HDuxnopathieH 0,058 0,48 8,42 266
1120 | TpuxaopaTHIeH 0,014 0,13 11,65 213

IJIST HPOKOro Habopa XJaJ0areHTOB ¢ CYLIECTBEHHC Pa3HBIMU jaBJe-
HUAMH H IVIOTHOCTSIMH, €CJIH IIPH 3TOM TeMIlepaTyphl HCapeHHs U KOH-
JeHcanuu ofuHaKoBH (Tabia. 3.1).

B a3toit Tabauue KOII a5 pa3HBIX XJaJ0areHTOB MOACYHTAH HJs
TeMIepaTypH HcnapeHns — 13 H TeMmmepatypsl Kouzencamuu 30°C.
Meron pacuera TakoH Ke, KaK OMHCAHHBIA B NpeRbIAylied TJaBe.
ITpennonaranocw, 4To BcachiBaeTCsl HACHIEHHBEIA NMap BO BCEX CJyya-
ax, kpoMe R113, R114 u R115. [Ias HUX npeanoJarasoch, YTO NpU
BCACHIBAHHH Nap CJieTKa Ieperper, a Ha BHIXOJE H3 KOMIpeccopa Jo-
CTHTalOTCs YCJIOBHsl HachllleHHs. Takoe JONyLieHHE CBSI3aHO C NMPHHS-
THM B pacyeTe NPeANOJOXeHHEM O CXATHH 110 H303HTPOMNeE, KOTOpas
JJI1 yKa3aHHHX XJafloareHToB Ha p — A JuarpaMMme IPHBOAHT K JIH-
HHH HaCHIeHHUS.

Otmetnm, yto KOIT ocraercs mocrosinubiM B npenenax 4,84109%.
BaxXHEIM HCKJIOUEHHEM SBJASIOTCS TaKXKE€ XJaJ0areHTHl, ¥ KOTOPHIX
TeMnepatypa kKoHZeHcauuu 30° C 6auska K kpHTHYeckoit. [Ipuuuna
CTaHOBHTCA sicHOH U3 puc. 2.4, ITo Mepe npub/uKeHHST TeMNEpPaTYPH K
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YaeapHblH O6LeMHu

Pacxox xna- 06beM npH MomgocTs Teunepa- | Kpuragec-

oaren R pacxon, -

RONTe T | mescumamk, | o'y, | wa ey, wbr ) KOM L TR ool bavpes S
25,8 0,033 0,86 1,46 2,41 50 82
17,8 0,017 0,31 0,98 3,60 a7
27,4 0,017 0,45 1,37 2,56 66 3t
51,9 0,024 1,24 0,77 4,95 51 67
8,3 0,163 1,43 0,78 4,51 42 92
12,5 0,155 1,93 0,77 4,58 36 97
33,1 0,051 1,70 0,80 4,37 37 82
21,6 0,077 1,68 0,75 4,66 53 9
52,0 0,048 2,50 0,87 4,02 30 80
3,2 0,509 1,62 0,74 4,76 99 133
24,9 0,094 2,34 0,75 4,65 41 o
30,2 0,091 2,75 0,75 4,70 38 112
10,0 0,28 2,81 0,72 4,90 78 143
13,5 0,40 5,43 0,81 4,36 27 - 135
10,7 0,40 4,29 0,72 4,87 88 158
5,0 0,97 4,83 0,73 4,81 175
11,8 0,62 7,32 0,71 4,95 31 152
35,1 0,27 9.50 0,78 4,49 30 146
16,9 0,57 9,64 0,70 5,01 6l 178
11,0 1,07 1,7 0,68 5,91 41 187
6.7 2,02 18,3 0,64 5,52 183
22.6 0,76 17,2 0,70 5,03 44 198
8,0 3,01 24,1 214
11,9 2,18 26,1 0,61 5,74 194
11,3 3,12 35,1 0.72 4,90 9 237
28,2 1,71 48,2 0,73 4,84 30 214
13,2 3,97 52.5 0,73 4.83 243
16,5 14,32 237 0,73 3,82 271

KDHTHYECKOH CKpHITasi TemaoTa mapoobpa3oBaHusi GHICTPO YMEHbHIAET-
cd. TemnoTy orjaer nmeperpeThiii map, HO NPH CYLIECTBEHHOM CHHXKe-
Hun KOII. Ilpumepom cayxur R170 (KOIl=2,41, kputnueckas Tem-
nepatypa 32°C) u R744 (KOI1=2,56, kputuyeckasi TeMmIepaTypa
31°C) *,

Kak BuAHO H3 CpaBHEHHs XJaJ0areHTOB, HAHJAYYUIUHA NyTb AJs IO-
BbllIeHHs] 3((EKTHBHOCTH COCTOHT B YAaJIeHHH OT KPHTHYECKOTrO JaB-
Jdenusi. Ha mpaxTuke, OZHaKO, 3TO BeJeT K NOHMMKEHHIO IJIOTHOCTH
napa u elle 6osiee cepbe3HBIM OrpaHHYeHHAM, yeM noteps sddexTHB-
HOCTH.

Tenepr ormerum B Taba. 3.1 rpady «O6beMublii pacxoa». ITpoxo-
AUMBIH NOpLUIHEM KOMIpeccopa B eAMHHIy BpeMeHH o0beM MJs pas-
JHYHBIX XJlaloareHToB u3MeHsercs Gosee yeM B 500 pas mpu cpaBHH-

* Ecau TensioBOt HacOC NpeAHa3HadeH AJs HarpeBa TENJIOHOCHTeJNSI C IepeMeH-
Hoil TeMmepaTypoll (HampMMep, MOHOTOHHO NOBHIIaOmefics Kak B cJaydae ropsdero
BogOCHaGXKeHH:), OAH3KHA K TPEYroJbHOMY LMKJ C OXJaXKAeHHeM CBEPXKPHTHYECKOro
11apa AOJIXKeH HMeTb cyliecTBeHHO Gosee Bhcokui KOII. — [Ipum. nep.
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TEJbHO MaJjioM H3MeHeHHH MoMmHOCTH. OuyeBufHO, uTO HeHa u addex-
THBHOCTb Pa3JIHYHBIX KOMIIPECCOPOB, HEOGXOAMMBIX AJS KaXKAOrG H3
XJaf04reHTOB, UMeeT GOJiblilee 3HAadyeHHE, YeM TeopeTHYecKasl BeJHYH-
Ha KOII. Yxasauuble 06cTOSTE/NbCTBA 3aCTaBAsAI0T paboTaTh B 067acTH
TeMnepartyp, Oojiee GJHM3KHX K KDHTHYECKOH, 4eM 3TO BBITEKAaeT H3
TpeGoBaHui 3HepretHyeckoit s¢dekTuBHocTH. ComocraBieHue uudp
JJIs CTENeHH CXKAaTHS NPUBOAHT K TOMY XKe 3akJ/JioyeHH:o: paGora npH
HH3KHX AABJIEHUSX Mapa BeleT K HEMPONOPUHOHAJBHO BGOJBIIHM KOM-
npeccopam.

3tu coobpaxeHHss OCTABJIAIOT AMAaNa30H BO3MOXKHBIX XJajxoareH-
toB oT R13Bl o R40 (MeTuaxJopup), #3 KOTOporo u nopbupaiorcs
noxxoAsimiue pabouue tenaa. Bee 3TH BelllecTBa BecbMa OJIM3KH IO CTe-
MEeHH CXKaTHA H 0OGBEeMHOMY PacXoldy, TaK YTO OKOHYUATEJbHHI BHOOD
JeJaeTcsi Ha OCHOBe coolpakeHHHl 6e30MacHOCTH, HepreTHueckoi 3¢-
(beKTHBHOCTH ¥ CTOHMOCTH.

C Toukyu 3peHuss 6e30NMacHOCTH TAKHE FOPIOYHe BellleCcTBa, Kak HpO-
OuJIeH, NpoNaH, MeTHJAXJODHA, HCKJIooualoTes u3 paccmorpenns. HMx
HeJb3s NPUMEHSTh B TeX CJAyuasx, KOraa He MoxeT OBTh ofecmedyeHa
YVAOBJIETBODUTEbHASE TeXHHYecKasd JKCIJAyaTalus, B YACTHOCTH IIPH
TeNA0CHa6XKeHUH KHJHULL,

AMMuak HexesaTesieH H3-3a €r0 TOKCHYHOCTH, KOTOpasi BhIlE TOJb-
KO ¥ cepHucroro aHruApuzaa. HecmoTpsi Ha 3TO, aMMuaK Bce e IpH-
MeHAeTCS! JOBOJILHO HIHPOKO B JOMAUIHUX XOJOAHJbHHUKAX, TI€ HAKOMN-
JleH HeMaJiblit obT sKcmayatanud. Kak BuaHo w3 ta6a. 3.1, HauboJee
NpHEMJIEMBIM SIBJISIOTCS Heropiouyde HETOKCHYHBIE TaJioHJOoyrJiepojHble
COeRHHEHHs, CPelH KOTOPbIX MOXKHO cAesaTh BhGOp. Kak mokasaHo B
ra. 5, pjsi AoMaimiHuX a6COpPOUUOHHEIX YCTAHOBOK aMMHAK OCTAeTcs
IPeANOYTUTENBHBIM,

BHIO 6Bl CAMIIKOM NOCHEIIHBIM AaBaTh 34eChb PEKOMEHJAUHH Ka-
KOH-TO OZHOH XKHUAKOCTH, HO U3 NPUBEJAEHHHIX LUH(P CTAHOBUTCH SICHO,
noueMy Tak mupoko npumensiorcs R22 u R12. [lpeumymectso aseor-
DONHBIX cMeceil, B TOM yucJe HeAaBHO H3o00perennnx 12B1 w 13Bl,
TPYAHO HCIOJb30BaTh H3-3a UX A0poroBu3HHL. Huxe npuBeneHb OTHO-
cuTedbHEe cToHMOocTH cMecell 12B1 u 13Bl, umnipoko npuMeHseMbIX B
MOXaporylleHun Gyarogaps HX HHEPTHOCTH, B CONOCTABJAEHHH C APY-
FUMH XJaJZoareHTaMHu: ‘

Rl RI2 RI3B1 R22 RIM4 R502
1,0 1,14 6,4 2,0 2,0 2,95

XuMHyecKass CTaGHJIBHOCTD HMEeT CYIeCTBEHHOe 3HayeHue A
TEIJIOBBIX HacOCOB. B Xo/ioqu/bHUKAX U KOHAUIHOHepax paboyue »KIii-
KOCTH IIPHMEHSIOT y2Ke MHOro JeT, HO B TeMJIOBHX Hacocax pabouHe
TeMIepaTypH CYLIeCTBEHHO Bbillle, Pa3pylleHde xJafoareiTa B OCHOB-
HOM NPOHCXOAHT Ha BHIXOJ€ U3 KOMIpeccopa — B Haubojee ropsyeil
TOYKe IHKJAA. 3Aech MeTaJ/yyecKue MOBEPXHOCTH HIPalOT PoJib Kara-
JIH3aTOPa pasJioKeHUsi XJafoareHTa B CMeCH C HeGOJIbUIUM KOJUYECT-
BOM MacJja, ABHXKyllerocsi ¢ Goabuoii ckopoctbio. MogeaupoBath Ta-
KHe YCJIOBUSl B ONHITAaX C 3aNasHHBIMH TPyOKaMH HJH APYrHX HCIbITA-
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HHSIX Ha COBMECTHMOCTh OYeHb TPYAHO. CJlelyeT onupaThbCcss Ha NPAMOit
ONBIT 3KCIJyaTalHd, KOTOPHIH AaeT BO3MOXKHOCTh [12] ykasath Maxk-
CHMAJIbHYI0 TEeMIIepaTypy AJHTEJbHOH BBIAEPIKKH IJ4 XJagoareHTOB
(taba. 3.2).

TaGauna 3.2. MakcumallbHO AONYCTHMAas TeMNepaTypa XJaJoareHToB
B NPHCYTCTBHH Mac/a, CTAJIH H MEAH

Xaagoarent Temneparypa, °C XnagoareHT TeMnepatypa, °C
R11 107 R114 121
R113 107 R22 135—150
R12 121 R502 135—150
R500 121 R13 >150

IMpoaykrel pa3nokeHHs] XJ1agoareHTOB OGBIYHO HMEIOT KHCJOTHHI
xapakrep. OHH OKa3bIBalOT BpejHOe [efiCTBHe Ha MeTaslIMyecKHe je-
TaJM M OrPAaHHYMBAIOT pPecypc MaluHHB. MepH NpefoCTOPOKHOCTH 06-
cyxpaiprcsl 6osee nogpobro B § 4.6, a mpuMep BrI6opa XJafoareHTa
/il BHICOKOTEMIEpaTypHOTo TENJOBOr0 Hacoca NpHBelleH B I'. 7.

3.3. KOMIMPECCOPHI

B nauaJe storo pasgesa copepxartcs obLiye ONUCAHHS Pa3JUYHBIX
THIIOB KOMIIPECCOPOB, HCHOJIb3YEMBIX B NaPOKOMIPECCHOHHHEIX IMKJaX,
a 3aTeM NPHBOLHTCH KPAaTKUil TepeyeHb OTJIMYHUH TEMJIOBOTO HACOCA OT
X0JoAuJIbHOH Mamuue. OnucaHyue HaYUHAETCA C MEJKHX KOMIIPECCOPOB
H 3aKaHYHBaeTcss KPyNHBIMHU *.

Komnpeccops! pgesitcss Ha ABe TPYHNB — AJs BJAAXKHOTO H CYXOro
napa. BiaxubiM GyZeT cUHTaThCA NAap ¢ KOHIUEHTPAlHefi 4acTUL MacJja
Gosee 15 Ha | maH. B HekoTOpHIX caydYasix OHH 3aHuMaioT 10 20%
o6bema. B cyxux kommpeccopax MacJo camo mo cebe He paboraer H
nonazaet B KOMIIPECcOp TOJBKO H3-32 yTeueK uepe3 YIUIOTHEHHS
(o6b14HO MeHee ueM 5 yacTHu Ha | MJH.).

3.3.1. POTAUMOHHBIE NIONATOYHbIE KOMITPECCOPHI

STH MeJKHe KOMIpeccopbl o6bYHO PaGoTaoT NpPH HU3KHX HdaBJe-
HHSIX M CTEMeHSX CXKaTHs, OHH TaKiKe Ha3bBAaIOTCS KOMIIPeCCoOpaMH co
CKOMB3AUIUMH JonatKamu (puc. 3.1). Ilas HuX xapaktepeH BHICOKUH
o6bemublii KITI, onn nmpurogssl AJs GOJIBIIMX CKOPOCTeH BpalleHHS.

CikaTHe NPOMCXOZHT MEXJY CKOJB3ALIUMH JONAaTKaMH, MO3TOMY
UX NPOYHOCTh W' YIJIOTHEHHE HMEIOT BaXKHOe 3HayeHue. JlomaTKH MOXK-
HO BBIMOJIHATH H3 YYryHa, HO yallle HX AeJaioT U3 apMHPOBAHHHX ¢e-
HOJIbHBIX MJIACTHKOB. JlonaTok MOKeT OBITb HJIH TOJNBKO ABe, HJIH 60Jb-

* B oreuecTBeHHON JHTepaType MOAPOGHOE ONHCAaHHe BCeX KOMIIPECCOPOB MOJXKHO
HaliTH B cnopaBouHHKe <«XOJMOAHJAbHBIE KOMNpeccophi» mox ped. A. B. Bhkosa,
H. M. Kanuuns. — M.: [Txesas npoMuiiessocts, 1980.
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Hie, KaK NokaszaHo Ha puc. 3.1. IloBbimieHHe YHCIa JIONATOK YBEJIUUH-
BaeT NMOTepH Ha TPeHHe, HO OAHOBPeMeHHO moBuilaeT o6beMunil KIT/,
TaK YTO 3TO YHC/JAO BHIGHPAeTCss HAa OCHOBE KOMIIPOMHCCHOTO PeilleHHs.

YnjnoTHeHHe MeXJy JIOMAaTKO# M HHJIMHAPOM — 3TO THAPOJHHAMH-
yeckass cMaska. Ha BHyTpeHHeH NOBepXHOCTH LHJHHApa o6pasyercs
TOHKasi MJIeHKa MacJa, 0 KOTOPOH CKOJBb3AT JonaTkd. Cuna, AefCcTBy-
Iollasi Ha IJIeHKY, 3aBHCHT OT CKOPOCTH BpallleHHS W Pa3HOCTH AaBJie-
Huft B KoMnpeccope. Kpome Toro, Bo BHyTpPeHHIOIO MOJOCTb MO JIONAT-
KaMH cllelHaJIbHO NoJaeTcsi JaBjieHHe ¢ BHICOKOH CTOPOHHL. B orTinume
OT INOpPIUIHEBHIX KOMIPECCOPOB MacJOCGOPHHK OOBIYHO pa3MeIlaioT Co
CTOPOHH BBICOKOI'O JAaBJieHHS, YTO YycTpaHseT MOTpPeGHOCTh B Macis-
HOM Hacoce. HajexHOCcTh nuTaHusA
MacJiOM O4YeHb BaxHa, HOCKOJbKY
J000e paspyllleHHe IJIEHKH BejeT
K OBLICTPOMY H3HOCY CKOJB3SIIIUX
MOBepXHOCTe,

HuTepecHnlit mpoekr ¢ porauu-
OHHBHIM KOMIIPECCOPOM — COJIHEY-
HHIH TemaoBOH Hacoc— OB yno-
MAHYT B Ta. 2. C uenbw NOBHIIeE-
Hust KI1J xkoMOGUHUpPOBaHHBIA JBHU-
ratesb — KOMIPECCOpP MCIOJb3yer
rUApPOAMHAMHYECKHE JIONATKH, CMa-
3blBaeMble TOJBKO paGouel XHA-
KocThbl0 Kaxaas Jonarka umeeT Kadalomuicsl kKpa#, Hjau OalMax,
KOTOPHIH MOKET cJierka NMOBOPayHBaThCsl, TaK UYTO €ro BHEIUHSAS IO-
BEPXHOCTb MOKET Jydllle NpHJieraTh K UHJHHAPHUecKoH creHke. Oye-
BHJIHO, 35THM YCTPaHSIOTCS MHOTHe NPOGJeMBl CMasKH. YCTaHOBKAa MO-
Ka3aHa Ha puc. 3.2. IlocKoJbKY BXOAAILIHA NMOTOK HeMpepHIBeH, He Tpe-
6yercsi HHKAaKUX KJaMaHOB, OJHAKO Ha BBIXOJe KJaMaHbl HHOTAA MpH-
MEHSIOT, YTO ONpeJessieTcs YHCJIOM JIONIATOK H LaBJeHHeM.

PorauuonHble KOMIpeccopbl MPUMEHSIOTCA HPH MOILHOCTH NPHBOJAA
10 5 KBT u MeHee. BrxoaHoe gaBiieHHe peako npesbiutaer | MIla, a
pasHocTb JaBjeHuil o6biyno He Gosee 0,4 MIla. Xots aTe mpefesn
NOCTENeHHO paclupsAoTcs 6GJjarogapsi HOBHIM pa3paboTKaM, OHM elle
He IMO3BOJIAIOT NPUMEHHUTb POTALMOHHHE KOMIIPEccOphl B BHICOKOTEM-
HepaTypHBIX TEMJOBBIX Hacocax.

HepaBuo paspaGoran xkomnpeccop «Prestcold / Denco Miller»,
CyLlecTBEHHO paclIMPHBLIMA yKa3aHHble mpexesbl. OH HMeeT Moll-
‘Hocth 10 KBT, crenens cxaTusi 4 W AaBjeHHe Ha BrixofZe 1,5 MIla.

Puc. 3.1. CxeMa pOTaUHOHHOrO KOM-
npeccopa.

3.3.2. NOPIUIHEBOA KOMMPECCOP

INopuneBrie KOMIpeccopbl — caMblil PacnpOCTPAHEHHBIA THI B IUH-
POKOM JHanasoHe MOMIHOCTefi, AJSI CXKAaTHS BO34yXa, B XOJOAHUJbHBIX
MallHHaX U TeNJIOBBIX Hacocax. CaMble MeJKHe KOHKYDHPYIOT C poTa-
IHOHHBIMH KOMIIPECCOPaMH, TOrZJa KaK KPYNHHE MOCTUTal0T MOLIHO-
ctd 100—150 xBr. Ilpuyuna uX MUPOKOro IPUMEHEHHS B NPOCTOTE
KOHCTPYKUHUH NpH npuemaeMoil 3¢p¢dekTHBHOCTH.
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KoMmnpeccopsl 3TOro ¥ ADYTHX THIIOB YacTO AEJATCA HA OTKPHITHE
U repMeTHYHbIe HJIM MOJNyrepMeTHYHbIe. B OTKPHITOM KOMHIpeccope HmpH-
BONHOH KOHel| Bajia BBIXOJUT HAPYXKY uYepe3 VIJIOTHEHHE B KOPIyCe.
34ech NMPUBOA MOMeT OBITb 3JEKTPHUECKHM, C IIOMOLBIO JBHTaTesst
BHYTDEHHEr0 CropaHHs, NMapoBo#l TypOWHH HJIH J:060ro ApPyroro ABH-
rateqss. OQHaKO B repPMeTHUYHON KOHCTPYKUHU YIJIOTHEHHE HCKJAIOYEHO,
a NPHBOJ OCYIIECTBJSETCA 3JIEKTPOMOTOPOM, pas3MelleHHBIM BHYTDH
KOpnyca, KOTODHH repMeTHYHO YIJIOTHeH (3aBapeH). 3To oJHOBpeMeH-
HO peumlaeT ABe npobJieMbl: yCTpaHsieT YTEYKH yepe3 YIJIOTHEHHS H
obecnieduBaeT oXJaXKIeHHe 3JeKTPOMOTOPOB, OJHAKO B cjyyae Imepe-
rpeBa ABHraTe/d BHI3bIBaeT HeKOTOphble XHMHUYeckue mpobaeMul. ITogay-
repMeTHYHasi KOHCTPYKUHS Takas Ke, KaK ¥ repMeTHdHas, HO AJs 06-
JeryeHus oOc/ayxHBaHHS KOPIYyC He 3aBapeH, a HMeeT OO0JTOBHE
coeIUHEHHS.

Hs puc. 3.3 BUAHO, YTO pa3MelieHHe MOPIIHEH NO3BOJSET HCIOJb-
30BaThb NMOAOOHHBIA KOJeHYaTHli BaJ AJs IBYX, UeTHIPEX W Jaxe HIECTH
nopuiHeH, 4yto obJseryaer craHaaprusanuio. ITopiuiHN BHINOJHSAIOT aAubO
M3 aJIOMUHHSA M TOTAa HMEIOT MOpILIHEBbe KO/IbUA, JHGO H3 YyryHa, H
TOrAa IJis MaJblX KOMIIDeCCOPOB HamxoOHOCTh B MOPIUHEBHIX KoJjblaxX
ornagaer. Pasmephl mopuids, HIaTYHA W KOJEHYATOrO BaJja BRIGHPAIOT
H3 YCJOBHH NPOYHOCTH NMOA AeHCTBUEM MAaKCHMaJbHOH PasHOCTH AaB-
JIeHuH, -
Macao mnonaercss U3 Macaoc6OPHHKA B KOJIEHUATHIH BaJl Tax XK€,
Kak B aBTOMOOHJIbHOM ABHratese. B LHJMHADE cMa3Ka NoOmajaer ye-
pes KoJieHuaTHI#l BaJ npsiMO U3 MacJjoc6opHuka. B smwo6oM cayuae Ha
CTeHKe UHJIHHApPA NMOAJepiKHBaeTCs MacjsHas MJeHKa W dacTb Macia
U3 KOMIIpeccopa nomajgaer B pabouee Teso. Ha cTropoHe BcachiBaHHS,
Kylla Macjio BO3BpalllaeTcss BMeCTe ¢ XJaJOoareHTOM, XKeJaTesbHOo, UTOo-
O6bl Macs0 BBHIMAagaJo M3 CYCNEH3HH M CHOBa [MOMagajo B COOPHHK,
KOTODHIfl AJIs1 3TOTO MOAZEpIKUBAeTCA NPH [AAaBJEHHH BCAaCHIBaHHUS.

ITpu BxXome XnajoareHTa B KOMNPECCOP OH HaMpaBJIsieTCss HA CTeH-
KH HUJIHHADPA, 4TOOB HaCKOJbKO BO3MOXKHO HX OXJaAdTh. DTO BAXKHO
H3 TepDMOZMHAMHYECKHX coobpaeHHil, TaK KaK HarpeB rasa B LHJUH-
ape cuuxaer usosHTponudecku#t KITJl u noBHulaer TeMmnepartypy Ha
Boixoe. Takoe oxJaxeHHe MOMOraeT YMEHBIUHTh Pa3JIOKeHHEe MacJa,
a cJIeJ0BaTeNbHO, H CTENeHb H3HOCA UUJAHHADPOB H KJANaHOB.

ITpu He6GsarompusTHOM cTeyeHHH OGCTOSATENbCTB XJaJ0areHT Ha
BCace COAECPIKUT OOJIBILIOE KOMHYECTBO KHAKOCTH. JKHAKOCTH B BHIE
MEJIKHX KaneJseK, ABHXKYIHXCA ¢ GOJbIIHMH CKOPOCTSIMH, MOXET BHI-
3bIBaTh paspywleHHe kiaanaHoB, Ho 6onée onacHbIM fIBJsSIETCS PEKHM
¢ 6OJIbLINMH NOPUHSIMH KHUAKOCTH, KOTOPHle MOTYT BBI3BAaTb CepPbe3HHIE
MeXaHHYecKHe Da3pYyIUEHHS,” €CIH HE TPHHATb HEOGXOAMMBIX Mep.
BoabuIMHCTBO rOJIOBOK LUAMHADPOB TOPUIHEBHX KOMIIPECCOPOB TENeph
MOANDPYXHHHBAWOT, 4TOOB NPOTHBOCTOSITh 3TOMY BO3jaeficTBuio. Halne
BCETO KJlanaHH HMEIOT NPOCTYIO KOHCTPYKIHUIO, BHIOOp ee oueHb BalKeH.
Ony BHINOMHAIOTCS B BUAE KOJIEU HJH IJACTHH, C HeGOJBIIMMH BO3-
BpaTHHIMH NpyxkuHaMu. Hasnauenue KjamaHoB — JaBaTh CBOGOJHBIH
MPOXOA ras3y B OAHOM HaNpaBJieHHH H INPensiTCTBOBATb OGpPaTHOMY
TeyeHHIO, ' : .
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OGBIYHO KOMIPECCOp CHAGKAIOT 3alUTON C MOMOIIBIO 3JEKTPOHHOH
cXeMbl, KOTOpasi OTKJIOYaeTcss NpH neperpyske, HsMmepsor BHXoAHOE
NaBJeHde Ha Bcace W AaBJjleHde MacJja. IIpy HEKOTOPBIX YC/AOBHSX
KPUTHYECKHM 3HaYeHHeM CTAHOBUTCH DPa3HOCTh AaBJeHHH, H OHa TOr-
lla BKJIOUaeTcs B YHcA0 H3MepsiemMbix. Hekortopele koMmpeccophl uMe-
10T TeMmepaTypHble NAaTYHKH Ha OTAeJNbHBIX UMJHHAPAX, €CaH H3BeCT-
HO, YTO NeperpeBaercs TOJbKO OXMH LUJAHHApP. IIpenesnbHble Xapakre-
PHCTHKH THUIHYHOrO MOPIIHEBOrO KOMIIpeccopa IPHBENEHBbl HHUXKe:

JaBneHne Ha BHxoge . . . . . . . 21 Mlla
Temneparypa . . . . . . . . . l40°C
Pasnocrs gaBnemm#t . . . . . , . 1,85 Mlla
JlaBneHue scacwsauus . . . . . . 0,5 Mlla
OTHOWeHHe AaBJeHHR e e e e 10:1

ITokasatenn KoMnpeccopoB OOGBLIYHO H306paXKalOT KaK 3aBHCHMOCTH
XOJIOAM/IbHOR H MeXaHHYecKOH MOLIHOCTEH OT TeMIepaTypHBIX YycJo-
BUi. B caydae TemaoBoro Hacoca cioja Ao6aBisercs elle H TelioBas
MOIIHOCTb {puc. 3.4).

C noMoubio 3THX 3aBHCHMOCTEfi H p — A auarpamMm JJjs R22 mMoxk-
HO paccyuTath MeXaHH4ecKHH, o6beMHBI U uzosHTponudeckuit KIIJIL.
B npakTHKe KOHCTPYHDOBaHHSI He Bce STH JaHHBE HYXKHBI, MOXKHO OI-
PaHHYHMTHCA 3HAYEHHSMH NOABEJEHHOTO H OTBeJEeHHOro Temsia H MOLU-
HOCTBIO Ha BaJy.

Puc. 3.2. PoTalHoHHE! MOTOP-KOMIpPECCOp € KaualoWHMHCA JOMaTKaMH.
1 — Motop-reHepaTop; 2 — paCIIHPpHTEAbHAS MAalURHA;, § — KavalollHecs JAONATKH; 4 — KOMIpeccop.

Puc. 3.3. IlopwneBoft koMnpeccop «Grassos.

[ — knanaHei; 2 — NopuieHb H NOPWHeBoN nanel; 3 — ruab3a; 4 — KpbULUKa LHJAHHApPA; 5 — NJAATO
TOJIOBKH; 6 ~— CMOTpPOBOE OKOIUIKO; 7 — nojorpesartedp Kaprepa; & — KaMepa BCachiBaHHs; 9 —
BXOJAHOH naTpyGoK; /0 — OTBepPCTHE AMA BHIPABHUBAHHA AaBiaeHufl; I/ — kpblika; [2 — BXOZHO{
QUALTD; [3 — Baa KoMNpeccopa; [4 — Bpailaijouieecs YOAOTHeHHe; [5 — KpPbilUKa NOALIHNHHKA;
16 — KpbliliKa KapTepa CO CTOPOHBI BCACHIBAHHA; I7 — OOpaTHHIA KAanaH AAA Macja; 18 — KaMepa
HardetaHus; 19 — ¢anaden HarseTaHus; 20 — npefoXpaHHTENbHBI GafinacHslft Knanay; 2/ — Kpbiul-
Ka KapTepa €O CTOPOHH HarHeTaHHs; 22 — MacAAHHA Hacoc; 23 — KpBHIIKa HOAUIHNRHKA €O CTO-
POHB HarferaHus; 24 — Kamepa MacAsHoro ¢uAbTpa HarHeTaHus; 25 — Macasubih GHALTP BCa-
ChlBanus; 26 — MacjasHas npoGKa.
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- TopuneBofi KoMmpeccop He BCerfa OTHOCHTCS! K BiaaxHbM. Cmas-
Ka CTEHOK UWJHHApPA HeO0XOZMMa TOJBKO 1Js OGBIYHBIX IMOpILIHEH,
ONMHMCAHHBIX BHIIE, MIOCKOJbKY NOPUIEHD BHAEPXKHBaeT GOKOBYIO HArpys-
Ky, nepegaBaeMylo lwatryHoM. Bosee nporpeccuBhas, Ho Gosee KOpo-
rasi KOHCTPYKUMsA NMOKa3aHa Ha puc. 3.5. 34ech HOpUIeHb H30JHPOBAH
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Puc. 3.4. XapaxkrepHCTHKH MODIIHEBOFO KOMIIpeccopa Ha XJajgoareH-
Te R22.

OT KOJIEHYATOrO BaJjia ¥ Macjoc6opHHKA. DaKTHUeCcKH MOpIIEHb HE Ka-
caeTcd faxe CTeHOK UUJAUHAPA. Mexay HuMH o6pasyercsl rHIPOAHHA-
MHYecKoe YIJIOTHeHHe B BHJE TOHKOH IJIEHKH I1apa, BHITEKAIOLLEro
yepe3 saGHPHHTHbIE KAHABKH HA MOBEPXHOCTH MOPIIHS HJIH MOPLIHEBO-
ro xoJbua. OGHYHOE YIJIOTHEHHE HYXKHO TOJIBKO HAa NePBOM NOAUIHII-
HHKe, YTOOH yaepxKaTb MacJo B MaclocGopHUKe.

['opusoHTaNbHble BO3AYIIHBIE KOMIPECCOPHl TAKOTO THIIA BHINTyCKa-
et ¢upma Ingersol Rand. Momnocts xomnpeccopa 4500 kBt. On
HMeeT Gosbliue pa3Mmeps!, TpeGyeT AJs YCTAHOBKH COJIHAHOrO (yHIa-
MEHTa ¥ MOXeT GbITb NPUMEHEeH B KayecTBe TEIJIOBOrO Hacoca TOJb-
KO B CJAydasix LEeHTPa/JH30BaHHOTO TeMJOCHaOMXeHHs, Ile MOXHO HC-
N0JIb30BaTh, HaNpUMep, GYHAAMEHT CTapOH 3JEeKTPOCTaHIHH.

3.3.3. BAHTOBBIE KOMNPECCOPHI

HauGosiee pacnpocTpaleHHBIH THI BHHTOBBIX KOMIPeccOpoB 0OObIY-
HO HAa3bIBAIOT N0 UMeHH UX u3o6perartenss JlucxosbMa. IIpuHuun HX
JeficTBHsl B 06UIMX yepTax OMMCaTh HETPYJHO, HO JeTaJbHOE PaccMo-
TpeHHe BecbMa cJ10XkHO. OrpaHHYMMCH TOJBKO OGIHM ONMHCAHHEM:

"KoMnpeccop COCTOMT M3 ABYX POTOPOB, BPAUAIOLIMXCS COBMECTHO
B YNJOTHEHHOM KOpNyce, OQHMH H3 KOTODHIX — OXBaThiBaeMmbld, Apy-
rofi — oxBathiBaromiufi. OXBaTHIBAEMHIE POTOP HMEET HECKOJbKO, 00HIY-
HO YeThipe, BBICTYyNAa IIOJIYKPYXHOIO CeueHHsl, O00pasylomuX BHHT
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BAOJb Tesaa portopa. OXBaTHIBAIOIIUA POTOP HUMEET COOTBETCTBYIOLIEE
KOJIMYeCTBO KaHAJOB, 06pa3ylollHX BHHT NMPOTHBOIOJOXKHOIO Hampas-
Jgenus (puc. 3.6). Cxartie NpOMCXOAUT B 06'beMe BHYTPH OLHOTO KaHa-
Ja OXBaThIBAIOILErO POTOpPA, OPAHHYEHHOM NMJIHHAPHYECKOH NOBepX-
HOCTBIO KOPHyCa W MOBEPXHOCTbIO CONMPHKOCHOBEHHS OGOHMX POTOPOB.

N

Puc. 3.5. Ceuenne GecMacasHoro komnpeccopa «Lindes.

Brixos ocyluecTBasieres uepes OTBEpPCTHE Ha KOHIE KOPIyca, KyAa Ipo-
XOQHUT Becb nap 6e3 o6paTHOrO pacilHpeHHsl U CBS3aHHBIX C HUM 110-
Tepb. Takok KOMIIpeccop NMOKa3aH Ha pHC. 3.7.

Ec/iu BUHTOBO#l KOMIIpECCOD CKOHCTPYHPOBAH Kak CyXoH, OH MOXKeT
pa6orath coBceM 0e3 Macsaa H AaBaTb 60JibLIOA pacXol NPH NpHeMJe-
Mo#l a2 deKTHBHOCTH, HO B 3TOM CJyyae TeMiepaTypa Ha BBIXOJe cTpe-



‘MHTCcs K floBHIliéHHIO, BO3HHKAIOT l'IpOGJ’IeMH yitnoTHeHHss H AQaBJcHHE
orpaHHyeHo. B cpaBHEHHH C HHM KOMNPeCcOp C HHXKeKuHeli Macaa
TNpeAcTaBJseTcs HAeaJbHBM [JSi MHOTHX XOJIOAHJBbHBIX H TElJOHacoc-

HBIX TIPHMEHeHHH.

Puc. 3.6. Ceuenne potopoB Komnpeccopa «Lysholm»,
Puc. 3.7. O6muit Buj BHHTOBOro Komnpeccopa «Lysholms».

anHuHH MacJsHOH HHXKEKLUHH COCTOHT B TOM, YTO MacJjo HEempe-
PBIBHO TIOAA€TCA B KOJIHYECTBE OAHOro MpOLEHTA. HOCKOJ’II‘:KY OTHOLIE-
HHEe Macc MacJja' H XJjajoareHta BeJHKO, MacJ/Ji0O BOCIIPHHHMAaeT Tell-
JIOTY CXaTHA HENOCPEeACTBEHHO OT XJlajoareHra, CﬂOCOﬁCTB}’Sl €ro BHI-

Puc. 3.8. OcHOBHHe KOMNOHEHTH OAHOBHHTOBOrO KOMIpeccopa
<Zimmerns.

XOAy MpH CPaBHHTENIbHO HM3KOH Temmneparype. Kpome Toro, Maciao
26ecneynBaeT Xopollee YNJIOTHEHHE MEXAY POTOPaMH H KOPMYCOM H
1103BOJIsIeT NPHGJAH3UTh MOAWHKNHHK K poTopaM. OCHOBHOM HEZOCTAaTOK
HHXKeKUHH Macjia COCTOMT B HeoGXOAWMOCTH CeMapaluH Macjaa mocie
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KOMIIpeccopa, KOrga OHO NPH BHICOKOM HaBJIEHHH CMEIIMBaeTcd C XJa-
A0areHToM. BUHTOBEHIE KOMIIpeccopbl ¢ HHXKeKuueHd Macia MOryTt 3d-
tdekTUBHO paboTaTh B JI0GOM HHTEpBaJe XAaBJNEHUH, MBICIAHMOM MAJf
TEMJIOBHIX HACOCOB B JAHAaNasoHe CPeIHUX H GOJbIIMX MOLIHOCTEH.

Puc. 3.9. OanocrynenyaTHil IeHTPOGeKHHA KOMIPECCOp.

[IpuHuunHaNbHEIM HEZOCTATKOM BHHTOBBIX KOMIIPECCOPOB SIBJISIOTCS
MOBLIIIEHHbIE IO CPAaBHEHHIO C MOPIIHEBHIMH CTOMMOCTH H YPOBEHb
myma.

VsBecten elle OAMH THI BHHTOBOIO KOMIpEccopa — BHHT THHA
«Zimmern», KOTOPHl yxke BeImyckaetcs (puc. 3.8). B stom xommnpec-
cope TOJBKO OAMH BUHT. ['a3 B BUHTOBOH KaHaBKe OrpaHHYEH ABYMS
BCIIOMOTATe/NbHBIMU KOJIeCAMU, KOTODble BPaI{aloTcsd CHHXPOHHO. Tako#i
KOMIIpeccop HMeeT CHMMETDHYHYIO HArpy3Ky Ha POTOp, YTO SIBJASETCS
ero NpeMMylLIecTBOM, a TaKXKe cyurtaercs Gosiee NMPOCTHIM B IPOH3BOJ-
crBe. CMOXKeT Ji1 OH MOJYYHTb CTOJIb K€ LIHPOKOe pacnpocTpaHeHHe,
KaKoe 3acJy3KuJ KoMIipeccop JIucXoJbMa, NOKaxeT Oyayllee.

3.3.4. LEHTPOBE)XXHBIE KOMINPECCOPDBI

LlenTpo6exxkHble KOMIIPECCOpPH — 3TO XOPOLIO OCBOEHHbie MAaLIHHBI,
LIHPOKO NpHMeHseMble B ra30BHIX TYpOHHAX, B XHMHUYeCKOH UM rasoBoH
NPOMbIHIJIEHHOCTH. B oT/nune OT omMcaHHHIX BHIIe KOMIPECCOPOB
OHU paboTaioT TOJBKO B CYXOM peXHMe, HajJuyue Macjia B rase HJH
nape He JaeT HHKAKOro NoJoxuTeJbHOro stdekra. Komnpeccopn Mo-
ryT OLITH OAHO- MJH ABYXCTyneHuaTeiMu (puc. 3.9), ¢ OTKPHITHIM HJIH
repMeTHYHBIM npuBonoM. OTHouleHHe AaBJjeHnit 3—4 cuuraercs ONTH-
MaJbHbIM. ['epMeTHyHble YCTAaHOBKUM CTaJM NONYJSPHBIMY, TaK Kak B
HHUX BBICOKasl CKOPOCTb BpaleHHs He CBszaHa ¢ mpobJjemol ymJjorHe-
Hu#i. TIpuMeHsIOTCA TakkKe MHOTOCTyNeHYaThle KOMIIPEeCCOphl, IOKa-



3annble Ha pHc. 3.10. OTAesnbHHE CTYNEHH MOXKHO CBSI3LIBATh C IOMO-
Ib}0 BHEMIHHX TPYOONPOBOAOB (UTO NMO3BOJSIET NPHMEHSATb NMPOMEXY-
TOYHOE OXJIaXKAeHHe, HO YAODPOXKAaeT KOHCTPYKIHIO, HJH NyTeM pa3Me-
IeHHs HECKOJbKHX CTyNIeHeA BHYTPH KOpHyca OJHOH MalIHHHL.

ST KOMIIPeCcCOpPHl NPUTOAHK a8 OOJBUIHX MOLIHOCTel H GOJBLIHX
06beMHBIX PacXOA0B, MaJblX Pa3sHOCTeH TeMIlepaTypel H MaJHX OTHO-
meHnit gaBneHuH. OHY NPHMEHAIOTCS NPEHMYLIEeCTBEHHO B BOLO-BOIS-
HBIX CHCTeMaX BOCCTAHOBJIEHHS Tella ¢ OOJNbUIHMH KOXYXOTDYGHHRIMHU
TenJIo06MeHHHKaMH. B yacTHOCTH, TaKHe TeNJIoBble HACOCH NMPHMEHSIOT
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Pac. 3.10. MuoroctyneHsaTHii LeHTPOGEKHHA KOMIOPeccop.

npH KOHIHUHOHHDOBAHHH BO3JyXa B GOJIBLIMX 3JaHHAX, HO HauGojee
BaXKHO€ HX NPHMeHEHHE — B KPYIHBIX IIPOMBILIIEHHHIX YCTaHOBKaX
(cM. ra. 7). '

Brifop xaajioareHTa A48 LeHTPOGEKHOro KOMIpeccopa — CA0XKHBIf
Bonpoc. boubuioe 3HaueHue npuoGperaer CKOPOCTb 3BYKa, C KOTOPOH
TECHO CBsi3aHa OKDYyXHas cKopoctb KoMmpeccopa. OueHb BaxeH H
yIAeabHBIH 00beM, NOCKOMbKY NPOH3BOLHTENBHOCTL PEryJHpyeTcs He
TaK JIETKO, KaK y NOPIIHEBBX KOMIIPECCOPOB, OCOGEHHO €CJIH NpPHMEHS -
eTcs NPUBOJ C NOCTOSTHHOM CKOpocThio. MHorga BHIGHpAIOT XJaZ0arcHT
CPaBHUTEJNbHO MaJIOH NPOM3BOLUTENBHOCTH C LEJbIO NONYYEeHHs BBICO-
koro KIIJ B pabouux yc/AOBHAX.. = . '
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XapaKTepHCTHKH LEHTPOGEXKHBIX KOMNPeccopoB oGBIYHO H306paxKa-
I0T Ha AuarpaMme AaBJeHHe — OObeMHHI pacXol, MpPHUMep KOTOPOi,
C YYeTOM INepeMeHHOH ckopocTH, npuBefeH Ha puc. 3.11. Hauboxee
BaXHOM AeTaJblo ABJSETCH JHHHS, OTPaHHUHBaOUlag 06JaCTh BO3MOXK-
Horo nomnaxa. IlomnaxHbI pexxuM BBHI3BaH CPHIBOM IOTOKA MEXKIY
JonaTKaMH KOMINpeccopa H NpOSIBJSETCS B NEePHOAUUYECKOM YBeJHye-
HHH H YMEHbILUEHHH NaBJIeHHS C NePHOAOM B HECKOJNbKO CEKyHA. XOTs
TAaKOH PeXHM He BbI3bIBa€T HEMeJJIEHHOTO pa3pyllieHHs HJIH HeoGpaTH-
moro cuuxenus KIIJ, on noBeiaer miyM H ycKOpsieT H3HOC KOMIIpec-
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Pre. 3.12. XapakTepHCTHKH LeHTpou-
Puc. 3.11. XapaxTepucTHKa LEHTpO- 6eXKHOrO KoMmnpeccopa ¢ BXOAHHM pe-
GeXHOTO KOMIpeccopa HPH pasJHy- I'YyJHDOBOYHHM HaNpaBAAIOLMM anna-
HOH CKOPOCTH (B MHPOIEHTaX HOMH- paToM.
HaJbHOM). @ —Yros YCTAHOBKH JIONATOK.

&

Puc. 3.13. KIIJ tHOHYHBIX LeHTpO-
6eKHBIX KOMIIPECCOPOB.

q

copa M pasioXeHHe XJajoareHTa. Takoi peXHM — pacnpoCcTpaHeHHas
GoJie3Hb NPH NOHHIKEHHH HAarPy3KH B CHCTEMaxX KOHAHUHOHHPOBaHHSA
BO3/yXa, HO B TEMJOBBIX HAcCOCAaX C NMOCTOSTHHOH HarpysKoff HX MOXKHO
u3bexarth.

PerynnpoBaTh NpOH3BOAHUTENbHOCTb LEHTPOGEKHEIX KOMIIPECCOPOB
MOXKHO ¢ NOMOLIBIO BXOJHHX HaNPaBJsIOUINX JONATOK, KOTOPHE IOBO-
payHBalOTCA TaK, YTOOBl HanpaBUThb BCachbiBaeMBIi Map Noj HYXKHBIM
YyIJIOM K BpaulamolleMycs KoJecy. Takoe perynupoBanHe MeHee 3¢ dex-
THBHO, 4eM H3MeHEHHe CKOPOCTH, HO OHO mo3Bojser paboraTb B
JAOBOJIbHO  WINPOKOM  AHala3oHe H TIPUMEHSeTcsl  IIOBCEMECTHO
(puc. 3.12).

Tunuunbie xpuBble JJs usosurtponuueckux KIIJ Ha guarpamme
JaBJeHue — pacxoj npuseldeHbl Ha puc. 3.13. Buano, uro KIT Mox-
HO TNOAJEPXHBATh B J0BOJIbHO IIHPOKOM pabouyeM aHamnasoHe, 410 yi-



- poutaet pacuer xapakrtepuctuk. Cjenyer, OXHaKO, HMeTb B BHAY, UTO
mexannueckuit KITJL mpH peryJqupoBaHHH HE OCTAaeTCs IOCTOSHHLIM,
OH CYUIECTBEHHO CHHXKAaeTcs NpH YMeHbUIEHHH pacxona.

3.3.5. OBLLEE 3AKNIOYEHHME O KOMMPECCOPAX

Bce onucaHHble KOMIPeCcCOPHl XOPOUIO OCBOCHBI H UIHPOKO HCIOJIb-
3yIOTCA B AOMAIUHHX M NPOMBIJIEHHHX XOJOAMJbHHKAX, HO 3A€ECh
CJIeAyeT HaNOMHHTb Pa3HHIY MeXAY XOJOAHJIbHBIM H TelJOHACOCHHIM
HpuMeHeHHeM:

1. TennoBo# Hacoc o6bYHO pafoTaeT NpH 60Jee BLICOKHX TeMmmepa-
Typax KOHAEHCAUMH H OTHOUIEHHH JaBJeHHH, yeM XOJIOJH/bHas Mallu-
Ha, 4TO co3JaeT OoJee HanpsKeHHblE YCJIOBHSA M JJA XJaJoareHra M
IJIs1 KOMIIpeccopa.

2. TennoBoii Hacoc paGoraer GoJbliee KOJIHYECTBO YacOB B TOAY C
MaKCHMaJbHOf Harpy3kofl, YeM XOJIOAHJIbHHK HJH KOHZHUHOHED (Kpo-
Me AOMAaIHHX TEIUIOBBIX HACOCOB), M 3TO TaKxKe MOBBILIAET HATPY3KY
Ha KOMIIpeccop.

3. [TockosbKy TenyoBOH Hacoc LOJIKEH 3KOHOMHYECKH KOHKYPHpO-
BaTb C APYTHMH CHCTeMaMH TellJlocHaOKeHHsl, TaKHMH KaK Ta3OBbIi
HJIH 3JIeKTPHYeCKHil HarpeB, a TakXe BCTPOGHHBIMH KOTEJbHHIMH, He-
06X0MHMO CTPEMHTbCS K CHHIKEHHIO cToMMocTH oGopynoBanus. CoB-
MeCTHO® BJIMSIHHE 3THX TpeX TpeGOBaHHH OTNMYTHYJO MHOTHX IIPOH3BO-
AHuTejleli KOMIPECCOPOB, H OHH He BBIIYCKAIOT HX AJs BBHICOKOH TeMIle-
paTypbl KOHAEHCALlHH,

3.4. NTPUBOAHBIE [ABMIATENM

ITonBoAHTL MOIMHOCTb K TENJIOBOMY HacOCy MOXHO OT pas/IHYHBIX
ABHrarteself, KoTopbie u o6cyxnanoTcs B 3ToM pasgede. [To-BuauMoMmy,
NpuUBOJHOH ABUraTe/ib — 3TO axXujjlecoBa INATa TEIVIOBHX HAaCOCOB.
Onn ubo HaxexHb, HO Mano3¢¢dekTHBHE (C TOYKH 3peHHs NepBHY-
HOH SHEPTHH) KaK 3JIeKTPOMOTOPHL, HJIH 3((eKTHBHBH KaK ABHIaTelH
BHYTPEHHEro CrOpaHusi, HO HEJOCTATOYHO HaJeXHbt /51 HeoOXOZHMOH
IJIHTENBHOCTH PaboTHl, HJIH CAHIIKOM XOpors. MHorouuc/eHnbie Hexo-
porne MalllHHBI, NpeAJIOXKeHHbBle A0 HACTOAILErc BPeMeHH, elile He JHO-
CTHIVIH TAKOTO YPOBHSI NPOHM3BOACTBA, YTOOH NOATBEPAHTb CBOK Ha-
AexHocTb. TakuM o0pasoM, 3T0 pasBHBawowiascs 06JacTb, B KOTOPOH
MOXHO OXHJaTb CYLIeCTBEHHOro nporpecca B OJH3KOM GyaylueMm.

3.4.1. JNEKTPOMOTOPHI

Camblit pacnpocTpaHEHHHIH NPHUBOL — 3TO 3JEKTPOMOTOP NepeMeH-
Horo toka Ha 50 uam 60 I'u, ognodasusit uau tpexdasusit. Mortop
MOXeT ObiTb BCTPOEHHBIM H OXJaXJIaThCsl XJIaf0areHTOM, KaK B repMe-
THYHBIX NTOPLUIHEBLIX KOMIIPECCOpax, H COEIHHATLCS C BaJOM KOMIpec-
copa HanpsaMyio Ju6G0 yepe3 3y6uaThill PEAYKTOP, KAK B BHHTOBBIX HJIH
ueHTpoOexKHbIX KoMIpeccopax. IIpuMeHsercsi TakKe peMeHHas Nepe-
Zlaya IS NPHBOAA OTKPHTHX KOMIIPECCOPOB. DJNEKTPOMOTODPH HCIOJb-
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3YIOT A/ KOMIPECCOPOB BCEX PA3MEPOB 0T HAUMEHBIIHX POTAIHOMHBIX
10 HanGOJBIIHX LHEeHTPOOEXKHBIX.

TIpHuMHbl IIHPOKOTO NpPHMEHEHHS 3JEKTPOMOTOPOB INIPOCTHI: KallH-
TaJIOBJIOXKEHUS HeBeJHKH H O0CJHyXKHBaHHS NOYTH He Tpebyercs.

HecmoTpss Ha TO 4TO NOBBIMIEHHAs! YKOHOMHS TOIUIHBA IO3BOJIAET
JONycKaTh GoJjbliHe 3aTpaTh Ha OGOpYyNOBaHHe, OKa3aJochb He TakK
JIETKO TIPOZaBaTh TeNJOBble HAcOChl ¢ [a30MOTOPHHIM TNPHBOJAOM, Tpe-
GyomuM GOJBHIMX 3aTpaT Ha obcayxuBanHe. Takoe nosoxeHnue, Be-
POSITHO, MPOZJIUTCS HeZOJIro, HO HOKa OHO CYHIECTBYET, 3JIEKTPOMOTOP
6yeT NPUMEHATLCS LIHPE,

HenpocraTok 3JeKTPOMOTOPA COCTOMT B TOM, YTO OH MeHee 3ddex-
THBEH B MCHOJb30BaHHM TIePBUYHOH 3Hepruu. Korza HanuoHaJbHBIE
HJIH MHPOBLIE HHTEpechl HAYHYT, HaKOHel, IPHHUMAaTh BO BHHMaHHe,
6yLyT NpOBeAeHBl HCCAeJOBAHUS CHCTEM, ['A€ TOILUIMBO HCNOJb3YETCs
Haubosee 3KOHOMHYHBIM o6pasoM. Hanpumep, B AHryinu resepupona-
HHEe W pachpejesieHHe 3Hepruu ocywectsiaserca co cpexuuM KITJ
Bcero auitb 27Y%. Bes BoccraHoBJeHHsl Temja, cGpachiBaeMOro TemJo-
BBIMH 3JIEKTPOCTAHUHSIMH, 3Ty BEJHUHHY HEJb3S CyLIeCTBEHHO NOLHATD.
T1pon3BOACTBO 3JEeKTPOSHEprHU sABJsAeTcA Haunbojiee KPYNHHM pacro-
yHuTeJeM TOIJINBA, 33 YTO NOTPeGUTENH TaKKe OTBETCTBEHHBI, XOTH H
KocBeHHO. Bce 370 OTpaKaeTcsi B BEHICOKOH CTOHMOCTH 3JIEKTPOSHEPIHH,
XOTS 34eCh NPOSIBJSIETCS B NPaBHUTEJNbCTBEHHAS NTOJHTHKA LEH.

Ecau OCHOBHBIM HCTOYHHKOM SHEPTHM CTaHeT siepHas 3Heprus, TO
NpeABIAyliasl apryMeHTAaIHs OKaMeTcss 4YaCTHYHO HEBepHOH, Taxk Kak
SILePHYIO JHEPTHI0O HEBO3MOXKHO HENOCPEACTBEHHO HCIOJb30BaTb AJiA
GoJibLUIMHCTBA 3a4ay TemaocHabxeHus. Kak 31o orpasuTcs Ha lieHe Ha
3JIEKTPHYECTBO, NOKaxeT Gyayllee. Ha cTOMMOCTH 3Hepruy OT aTOMHBIX
3JIEKTPOCTAHLUUH CKaXKyTcs NOBHLIEHHBE 3aTpaThl Ha pa3paboTKy H
H3roTOBJEHHE 060py/0BaHU4.

Jpyras npuynHa MeHblled 3(GEKTHBHOCTH 3JIEKTPONPHBOAA CQELTO-
HT B IIOCTOSTHCTBE CKOPOCTH BpallieHus. JloManiHue TemJoOBBHe HAcOCHI
pafoTaloT NpH HENPEpPHIBHO H3MeHswollefics TeIIOBOH Harpyske, BbI-
3BaHHOH H3MEHEHHEM TeMIlepaTyp, YTo Jerue obeclneyuBaioch Obl 3a
cyeT mepeMeHHOH cxopoctH. XOTS THPHCTOpPHOE YIpaBJleHHe BIIOJIHE
BO3MOXKHO, OHO ellie CJIHIIKOM HOPOr0 M He UCHONb3yeTcss B 9ToH 006-
Jgactd. [ns NPOMBILUIEHHBIX IIPOIECCOB NOCTOSHHAsE CKOPOCTb HE
SIBJISIETCS CEpPbe3HBIM OrpaHHYeHHeM, W OTMeyeHHas BbIle IIPOCTOTA
3KCILIyaTalHHu uMeeT Gojiee CYLIeCTBEHHOE NOJOXKHTEJbHOE 3HaUeHHE,

3.4.2. ABUFATENU BHYTPEHHEIO CrOPAHMA

STH ABUraTeNH NPHMEHSIOT BCIOAY B MeCTaX, YAaJeHHBIX OT LeH-
TPaJH30BAHHOIO 3JIeKTPOCHAGKeHHs. ABTOMOGH/IH, caMo/eThl H noes-
4 HCIOJb3YIOT TAK MHOTO JABHrarejiell BHYTPEHHEro cropaHus, 4ro Ha-
KOIJIeH HCYEpNHBAIOMNHA ONBIT 3KCIJIyaTallHH, IIO3BOJSIOUHA BHIGH-
paTh ABHTaTeNH AJs TEIJIOBHX HacocoB. Ho, KakK 5TO HH yAMBHTEJBHO,
Ul MaJibix MolnHoctell, cxaxem, MeHee 30 xBT, Bosnukaer GoJblie
npo6seM, yeMm peuteHnfi. IlpeMMyliecTBeHHOE pacHpOCTPaHEHHE 3JeK-
TpPOABHraTesiefl He MO3BOJNIC HAKOMHTh HEGOJBUIHM ABHTAaTENSM OIBIT
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“HEMPEpPLIBHON ANHTENbHONH PaGOTH, XapakTepHOH MJIs TelJaoBHIX Ha-
COCOB.

s nosicHeHMA NpeHMYLIeCTB ABHraTesefi BHYTPEHHErO CrOPaHHs
KaK NpHBOJA TEIUVIOBHX HAacOCOB BEpHEMCS K BONPOCY 06 HCIOJIb30Ba-
HHH NePBHYHOH HEPTHUH.

Ha puc. 3.14 nokasano usmenenne KIIJl xpuratesnelt pasnuuHBx
THIOB — JBYXTAKTHHX H YETHPEXTAKTHBIX INOPIUIHEBBIX KakK ¢ Typ6o-
HajLyBOM, TaK ¥ Oe3 Hero, AuseJeil M ra3oBHIX TypOuH. Kak BHZHO 3
pPHCYHKA, THIHYHBIM MOXHO cyHTaTh 3Hayenue 30%, uro GJAH3KO K

cpenneMy KIII snekTposnepreru-

21[; -7 7  xu—27%, TaKYTO NPaKTHYECKH HET
4SS — 7 HHKAKHX IPEHMYIIECTB B HCIOJAb30-
™.
~J BAHHUH ABHraTeJsl BHYTPEHHEro Cro-

pPaHHsA C er0 NOBHIIEHHOH CTOHMO-

2% \\Z\ | CTbIO Pajiy TaKOTO MaJIOro MOBHILIE-
Y ) T\\""/ nus KIII. ITosromy Mupuaas! Mei-
< \ KHX NpHBOJOB, TAKHX KaK BOJSIHbIE
< N t— J '

x 37 \\‘ e =
[ ~—_ 4 Puc. 3.14. Tepmuueckufi KI1[ npuBoaumx

I = ABHrarteses.

b T~ _5___ I— napoBas TypOHHA; 2 — ra3oBas TYPGHHA; 3 —

38 B— —= YeTHPeXTAKTHBIA NOPIIHEBOH HacoC 6e3 Hamny-

e~ I 7 Ba; 4 — NOPIWHEBOR NBYXTAaKTHHft Hacoc Ge3 Haj-

47 1yBa; § — IBYXTakTHHA ¢ HagayBoM; 6 — de-

TBIPEXTAKTHHIA C HAJAYBOM NPH NOCTOSIHHOM JaB-
o0 60 0 80 090 00 1me . JeHHH; 7 — 4eTHIPeXTAaKTHHA ¢ HazAYBOM OpPH
//aapy.ym, % peryaupyeMoM XAaBJAeHHH,

HacOCH, BEHTHJSTOPH], BO3AYUIHBIE KOMIPECCOPH H T. I, HCMOJb3YIOT
HCKJIOUHTENbHO 3JiekTpoaBHratesd. OXHAKO HMeeTCsl CyIIeCTBEHHOe
HCKJIIOYeHHe: ec/IH NPHBOJA CBfi3aH € IIpolleccoM, NOTpebJsioluM Tell-
Jo, To 70% 3Hepruu TONAMBa, KOTOpHIE B APYTHX cayyasx cGpachiBa-
I0TCH, 34eCb MOTYT OBITb HCNOJB30BaHB XOTS OBl YaCTHYHO, H 3TO JO-
6aBOUHOEe TeIIO MOXKeT CKOMIIEHCHPOBATb IIOBLINIEHHYIO CTOHMMOCTb
aBuratens. Bo3sMOXKHOCTH KOMOHHHPOBAHHOM BBIPaGOTKH MOLIHOCTH H
TeNJla B HacTosllee BpeMs OrpaHHYeHHl CPABHHUTENbHO PEIKHMH M CIe-
nuaJbHBIMH npuaoxenusaMu. Ho TemoBoit Hacoc cospaer Gosee Gia-
rONpHATHbIE BO3MOXKHOCTH: OH JOJIKeH BHPabaTHBATh TEINIO IOCTOSH-
HO, MOSTOMY B HEM Bcerja BO3MOXKHa OJHOBpPeMeHHas BHpaboTkKa
Tem1a H MOIIHOCTH.

Kak 6nuio mokasano B § 2.6, Tunuunoe snavenne KOIT==3,1. Ipu

KI1[1 nonyyenuss saekrpossepruu 279% B ciayyae 3JeKTPONpHBOJA
‘HMeeM
KI13=0,27-3,1 ~0,84.

Has npuBoma TemnoBoro Hacoca ausesbHbIX aBurateneéi ¢ KITJ
40% u ucnosb3oBanueM 35% nepBuuHO# Hepruu u3 c6pocHOro Temaa

noJjyyaeM
KI19=0,4-3,1+0,35=1,59.

CpaBHeHHe sICHO NIOKAa3biBaeT, YTO TEIVIOBOH ABHIaTesb BHYTPEHHe-
ro HJH BHELIHEro CrOPAHHS TEOPETHYECKH BecbMa BHIrOJEH KaK NPHBOA
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TENJOBOro Hacoca. I'1e e MOXKHO HafTH AJd 3TOr0 NOAXOAALIYIO
MallHHy?

CaMofi KpynHo# 00sacTbi0 ABHrATEJECTPOEHHS SBJASETCS aBTOMO-
OuibHAs NPOMBILIIEHHOCTb. OKecToUeHHas KOHKYpPEHIHsA NoTpeGoBa-
Jla NOBBILIEHHS KayeCcTBa U CHHXKEHHS CTOHMOCTH ABHraresei B Mac-
COBOM INPOH3BOJACTBEe. B OCHOBHOM 3TO YeTHPEXTaKTHHE TIOPIIHEBHE
ABHrateJH MoliHocThio 10-—100 kBT, HO B HX HCIOJIb30BAHHU HMEIOTCS
HexoTophle TpyAHOCTH. OGHYHO aBTOMOOHJbL HcHoOAb3yeTcs oT 500 mo
1000 4acoB B rogy, npuyeM ero peryJasipHoe o6ciyXKHBaHHe SIBJSETCH
CKOpee NMpaBUJIOM, YeM HCKJIoUeHHeM. [IBurartesb paboTaeT Tpu CKOpO-
cru 2000—5000 o6/MuH, Torza kKak GOJBIIHHCTBO KOMIIpECCOPOB pac-
cuntaHo Ha 1500 o6/mMuH, Tak uro TpeGyercsi KopoGka nepejay HJIH
peMeHHBIA NIPHBOJ, AJIS1 CHMIXKEHHS] CKODOCTH.

IopuiHeBble ABHraTesH, paccYUTaHHBIE HA AJHTENBHYI0 pabory,
HCMOJB3YIOT B CYAOCTPOEHHH H TsxKejof NpoMuIlIeHHOCTH. MoliHble
HaJexHble ABHraTeJd Ha AH3eJbHOM TOIJHBe, GEH3HHE H IIPHPOJHOM
rase BHIIyCKaeT MHOXKeCTBO (HPM, HO HUX BDSA JU MOKHO NPHMEHHTb
751 ZOMallHero TelmyocHaGxkeHuss. [a3oBele TypGHHB JOBeJEHHB XO
BBICOKOI'O YPOBHSI HaJeXHOCTH, OHH NpPeACTaBJSAIOT HHTepeC IJsA psla
IIPUJIOXKEeHHA, OXHAKO BLICOKAaS CTOHMOCTb H CPaBHHTEJbHO HHU3KHIA
KI1[ penator ux B oblieM MeHee NMpeXNMOYTHTENbHRIMH, TaK UTO HaxKe
IS HEHTPOGEXKHBIX KOMIPeCCOPOB NMPUMEHSIOT NMOpIIHEBLIE ABHTATENH.

ITockosbKy ABHraTeNH BHYTPEHHEro cropaHus, kak OyAeT BHAHO U3
ra. 5—7, npuobperailoT Bce GoJibluee paclpocTpaHeHHe KaK IIPHBOX
TeIVIOBHIX HacOCOB, PACCMOTPHM HX HECKOJIbKO MOApPOGHee.

B tabn. 3.3 npuBeleHbl THNHYHBIE 3HAaYE€HHS MOLIHOCTH T'a30BHIX
TypOuH M NOpIIHEBHX ABHraTesefl, a Ha puc. 3.15 — BiuAHHE MOHHXKe-
HHSl HarPy3KH Ha 9KOHOMHuI0 TomauBa. IIporpaMma pa6oT, IPOBOXHMBIX
yXe B TeyeHHe HECKOJbKHX JeT DpHTaHCKOH ' ra3oBol Kopmopauueii,
BKJIIOYAeT HCCHENOBAHUS BO3MOXKHOCTEH paboThl MaccOBHIX aBTOMO-
OubHBIX OeH3HHOBHIX M AH3EJbHBIX ABHrartesefi Ha ra3oBoM TOIIHBE.

Tab6aunua 3.3 JisHraTean Ha ra3oBoM TORJHBE

Iauratenn M°“‘“§°,“" JBHraTenn M°“,‘J{§§.“”
FaszoBue Typ6uHH fTopuiHeBe K BHraTeNH
Centrax (npoMubiteHHRIH) 0,5—-0,7 W. H. Allen 0,24—2,3
Ruston 1,1-3,7 English (asoftnoro Ttonau-{ 0,6—2,6
John Brown 3—54 Ba) )
CEC—English Electric 6—60 Electric
Rolls Royce (npomubiuiien- 13—20 Mirrlees 0,75—-5
HBIA rasoreHepaTopHsIil) 13—25 Rustoh 1-3,6
Waukesha 0,3 GEC 0,04—0,2
Kongsberg 1,2—1,4 Cummings 0,14—0,3
Solar 0,06—2,6 Caterpillar (uckpoBoe 32-| 0,1—0,7
Avco Lycoming 0,75—3 KHTaHHeE)
Sulzer 3—20 MBr | Waukesha 0,1—1,4
White- superior 0,1—1,55
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Kak ykashiBaloT (UPMB, BBINYCKAlOUlHE J[BHIaTeNH CHENHaJbHO
IJst TIPAPOJHOTO ra3a, OGLYHbIe aBTOMOGHJbHbIE JBUraTeJH PacCYHTa-
TH Ha CPaBHHTEJBHO MaJHil pecypc, OHH MeHee HajeXHH H Gosee
Hoporu B 3kcmuyartanuu. OfHako Au3enbHblil ABHratesab PopAa, KOTO-
PHIi MOXHO HCIOJIb30BAaTh AJsS NMpPHBOJAA KoMIpeccopa, paboraiowiui
Ha TIPHPOJAHOM ra3e, HMeeT CTOMMOCTb He Gosiee 35% croumocrtu crme-
HHaJbHO CKOHCTPYHDOBAHHOTO ra3oBoro AsHrarens. Ilokasarean Heko-
TOPHX aBTOMOGHJbHBIX ABHrartesed, paGoTaloUiuX HAa NMPHPOAHOM rase,
npuBefeHH B Taba. 3.4, a xapaKTepHCTHKH ABurartens ®opaa Ha rase
noxasaHusl Ha puc. 3.16. PexoHcTpykuHusa xBurareis norpe6obana JHUIb

a6 . ‘ N, R8T 400
g % N~ M HA-m
2\ % —
\%&({ \1\42717
NN\
a4 \&\ 100 =
7 -

%

0,z /
0 250 500 K, xBr 74

50

iz % 20 0% 00 /mun

Puc. 3.15. DKOHOMHS 3HEPTHH NpH 4a- Puc. 3.16. XapakTepHCTHKH aB-
CTHUHOH Harpy3ke ra3oBHX JBHrare- TOMOGHJBHOrO JIBHTaTeAs, nepe-
Jeft. ofopynoBanHoro Ajs paboTH Ha
] — MakcHManbHas Harpyska. {IDHPOAHOM rase.

YyCTAaHOBKH HOBOro KapGlopaTopa: ra3oBeie KapOopaTopbl NOCTaBJs-
totcs ¢pupmoit Impeo, CIIA.

Hast nnaBHOTO HJIM CTYNEHYaTOro peryJHpoBaHHS CKODOCTH HJIH
nojnepXKaHHS ee NOCTOSTHHOM Jyullle NPUMEHSITb 3JEKTPOHHYIO CHCTe-
My ynpaBJeHHs, 4yeM MexaHuyueckyio. Ho anexTponHas cucteMa gopora
H HCTIOJB3YETCS JHIIb XJISl HEKOTOPHIX IIPHJIOKEHHI.

Kak u B ciyyae XpynmHbIX ra3oBHIX ABHraTeseil, 31ech BO3MOXHO
HCIOJIb30BaHHe TeIvla OXJaxJAaloliefl BOAbl U BHIXJOMHHIX ras3oB. [las
. MEJIKHX MALIHH CJIeAyeT NPOBEPHTb KaNHUTAJOBJOXKEHHS B TEIIOOGMeEH-
HHK, HCNOJIb3YIOUHH BBIXJIONHBIE a3, TaK KaK TeIVIOCOJAepiKaHHE OT-
HOCHTEJIbHO MaJlo.

Tenao nopuwnesoix mawun. KoanuecTBo Temjaa, KOTOPOe MOXKHO HC-
NoJIb30BaTh C NMOMOLIbIO TNOPUIHEBHX MaIIMH Ha rase, YKasaHo B
Ta6.1. 3.5. Ero MOXKHO CPaBHHTb C TOfl XKe BeJIHYHHON AJIS Ta30BBIX TYp-
6uH, uMeomux 6osee Huskuit KIIJ (ra6a. 3.6). Hakoneu, B HeckoJb-
KO H3MeHeHHOM BHJe 3TH JaHHBle coOpaHul B TabJ. 3.7, nokasbiBawoliei
OTHOCHTEJIbHOe paclnpe/leieRHe TelJa B OXJaxAaloliell BoJe U BHXJOIN-
HBIX rasax.
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Tab6auua 34. AsTomoOuabHBle ABUTATEAH HA MPHPOAHOM ra3e

MakcHManabHasa Moll-
HOCTb Ha IIPHPOAHOM
O6vem | Koauuect- rase, KBr
HasBauue UHAHHI- BO UH- Ko
pos, cM3 JHHADOB 1600 18060
o6 /Mun 06 /MuH
a) Nmax=2400 o6/MHH
Perkins 3.152 2500 3 23 26 29
Perkins 4.203 3340 4 30 36 40
Perkins 4.236 3860 4 37 42 49
nmax=2100 06/MHH
Ford 2503E 2590 3 20 25
Ford 2511E 3294 3 28 32 \ 35
Ford 2513E 4196 4 35 40 47
’ Nmax=3000 06/MHH
Rolls Royce B61 4880 6 46 57 89
Rolls Royc)e BS81 6560 8 61 74 119
6
Ford 2261E 1100 4 7,5 9 16
Ford 2264E 1600 4 1 14 ' 28
Ford 2602E 2000 4 17 22 -t - 37
Ford 2614E 3000 6 25 29 52
/B) Amax=2250 06/MuH
Ford 2711E 4150 4 33 40 49
Ford 2715E 6220 6 51 62 74

INpuMeuaHHe a-— AJas 3KCIAYAaTaUMH B THAXKEJBIX YCJAOBHAX: Ha TPaKTOpaX, aBTOHOM-
IIBIX TeHepaTopax M T. H.; 6 — aBTOMOOHAbHble ABHTaTesH, PeAKo NPHMEHSeMble B CTAUHOHAPHBIX
YCJOBHSIX; B — PEKOHCTPYHPOBAHHBIE AH3EJH.

HmeeTcst MHOTO NPYTHX NPUJIOKEHUH, [Ie MOXKHO YCMEUIHO MCIOJb-
30BaTh cOpocHoe Temyno. [TopliHeBble MAUIHHBI HCMOJMB3YIOT AJS KOH-
JUIHOHHPOBAHUS BO3JyXa H OXJaXAeHHUS, XOJOAHJbHHE YCTaAHOBKH C
ra3oMOTOPHHIM IIPHBOAOM BHINYCKAOT B GOJBIIHX KoJHyecTBax. Mx
JIETKO PeryJHpOBaTh NPH H3MEHEHHH HATPY3KH. [[pyruM IpHJIOKEHHEM
ABJSeTCS NPHBOX LEHTPOGEXKHBIX KOMIIPECCOPOB, HMEIOLIHX CKOPOCTD
noytd B 6 pa3s BhILIE, YeM y Ta30BHIX JBHTaTesdeH. YCTAHOBJEHO, 4TO
HaWJIyYIIHM KOMIIPOMHCCHBEIM DElIeHHeM AJisl CHHXKEeHHSI CTOHMOCTH Kak

Ta6anua 3.5. XapaKTepHCTHKH NMOPUIHeBHX ABHraTenel

75 kBt; C 12 : 1; 1800 06/mun; 175 kBt; C 10 : 1; 1200 o6/mun; TA;
Na; p=1,5 klla p=100 MNa
SL, % -

K%T S, kBt H, kBt S/H F, kBr S, kBt H, kBt S/H
100 293 75,0 148 1/2,0 638 1756 247 1/1,4
90 272 67,5 134 1/2,0 595 158 222 1/1,4
80 | 253 60,0 121 1/2,0 545 140 198 1/1,4
70 233 52,5 109 1/2,1 504 122 177 1/1,4
60 214 45,0 97 1/2,2 457 105 154 1/1,4
50 | 194 37,5 87 1/2,3 408 88 132 1/1,5




Mponomxenne Ta6n. 3.5

225 kBt; C 10 :1; 1200 o6/Mun; 450 kBr; C 10 :1; 1200 of/mun; TA;
TA; 100 kTla 100 xIla
SL, %

F|s. «Br | HoxBr | s/H | FoxBr | S, xBr | H,xBr | S/H

100 | 805 225 311 /1.4 1610 450 624 1/1,4
90 | 735 203 276 1/1,4 1475 405 566 1/1,4
80 | 689 180 250 1/1,4 1370 360 495 1/1,4
70 | 624 158 218 1/1,4 1240 315 433 1/1,4
60 | 562 135 189 /1,4 1110 270 379 1/1,4
50 | 500 113 162 1/1,4 980 225 319 1/1,4

MpuMmevanne C— cremens cxatus; NA — cBoGonHoe BcachBanue; TA — TypGoHaAAYB;
8 — MolljHocTb Ha Bany; H — no/e3aHoe TOIJHBO; p — AaBjeHHe rasa; F — pacxom Tomausa; SL —
Harpyska.

Ta6auma 3.6. XapakTepHCTHKH ra3oBbix TypOuH

150 kBr; C=3,4 :1; 30.10% o6/mun; 200 kBr; C=4,1:1; 35.10% of/Mun;
p=690 klla p=69¢ kMla
SL, %
xfl‘i’:r S, kBr | H, kBr S/H F, xBr S, kBt H, kBt S/H
100 | 1690 150 820 1/5,5 2170 200 1080 1/5,4
90 | 1615 135 815 1/6,0 2040 180 985 1/5,5
80 | 1545 120 805 1/6,7 1890 160 895 1/5,6
70 | 1475 105 790 1/7,5 1760 140 800 1/5,7
60 | 1405 90 760 1/8,5 1640 120 710 1/5,9
50 | 1330 75 700 1/9,3 1530 100 620 1/6,2
[poaonxenue Ttaba. 3.6
300 kBr; C=6,1; 45.10% o6/uuu; 900 kBt; C=4,1; 6000 of/Mun;
p=1030 klla p=690 «ITa
SL, %
K’;} S, kBr H, xBr S/H F, kBt S, kBt H, kBt S/H

100 | 1850 { 300 760 1/2,5 6630 900 3290 1/3,7
90§ 1670 | 270 700 1,2,6 6220 810 3040 1/3,8
80 1 1600 | 240 615 1/2,6 5800 720 2790 1/3,9
70 |1 1490 | 210 585 1/2,8 5420 630 2550 1/4,1
60 | 1330 180 530 1/2,9 5040 540 2310 1/4,4
50 | 1240 150 470 1/3,1 4630 450 2080 1/4,7

Mpumeyanue C—cTemeHb CKaTHA; S — MOLLHOCTL Ha Baay; H -— AojeaHoe Temjo;
p — paBJaexHe rasa; F — pacxoa tonsnnsa; SL — Harpyska.
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Tabanta 37. Boccrdnosaenue Ténfa pasthunnix agurateneit
(NpPOUEHT mpeBpaulaeMOi B TENJIO IHEPTHH TOMJIMBA)

Oxnaxnaawpmas Boja
Tun peuratens <;x ,ﬁ,ﬁ’;{ﬂ‘ﬂ“ﬁu_ Boassxoe oxnax- B?;’L?'“&ue
XOZHOro KoJsek- | AGHHE BHXOMHOrO
Topa, % KoJsiekTopa, %
JByXTaKTHBIE MOPIIHEBHE:
¢ TypGoHaARyBOM 21 27 15
6e3 HaaAyBa 27 28 12
Au3eJb ¢ HAAAYBOM 20 24 13
YeTblpeXTaKTHHE:
rasosbiil 63 HagAyBa 22 27 14
Au3eab 6e3 HagAyBa 22 27 14
JU3eNb ¢ TYpGOHaIlyBOM 15 18 16
JBYXTONJIMBHHE ¢ TypGoHAA- 15 17 15
JIYBOM
I'asoBbie TYpOHHEL:
NPOCTOR LUKJ 69
pereHepaTUBHHH IHKJ 57

obGopynoBaHusa (ABHraTesqb MY(QTH TPAHCMHCCHH), TaK H OGCIYXKHBa-
HHuA ABJAseTcss ckopoctb 900 06/muH.

JJs1 MHOTHX TIPHJIOXKEHHHA Tra30BbIX JBHraTesaelf 3TOT IPOIIIBIA
OTBIT CJHLIKOM OrPaHHYeH, N03TOMy DpuTaHCckas rasoBast accOLHAIUs
HCNOJb3yeT ONBIT HECKOJNbKHX YCTAHOBOK, IPHMEHSIOIIHX JJIA NpHBOAA
XOJIOAUJIBHBIX KOMIIPECCOPOB CHCTEM KOHAHUIHOHHPOBAHUSI aBTOMOGHJIb-
Hele asurartenn «Fords, «Perkins», «Pelapones. Iloayuennt BecbMa

- o0HaleXXHBaOLiyie Pe3yabTaThl,

1. Jlone Baron, mowrocre 280 kBr. YcTaHoBKa BBefeHa B AelCTBHE
B 1969 r., cHayana paGorasa Ha FOPOACKOM rase, a 3aTeM IepeBeleHa
Ha npupoaHbii ras. [lBuratenn <«Pelapone» Bpaijaer XoMmpeccop
«Trane». Cucrema okasaJjacb BecbMa HaJeXXHOH H TpeGoBajsa MHHH-
MyMa 0o0CayKUBaHHS,

2. T'asosan uccaedosaresvckan cranyus Mudasend, moujHOCTS
370 kBr. Ipurarteap «Perkins» ¢ BoASHBIM OxJa)KAeHHeM, Ge3 Haj-
HyBa, ycraHoBjeH B 1970 r. ajs npuBoxa XOJIOZHJBHOTO KOMIpeccopa
«Trane» momnoctoio 160 kBt. s paGoTel MpH YacCTHYHOH Harpyske
IBHraTeJb CHHIKAET cKopoctb xo 1750, 1475 u 1200 o6/mun. Ilociae
4000 4 pa6orsl B TeyeHHe 3 JieT B cpeaHeM npu 38% moMHOH HArpy3KH
ObJl cleNaH BHIBOJ, YTO 3aMeHa 3JIEKTPOABHrAaTeNs Ia30BHIM IOpPILHE-
BBIM OHIIA TEXHHYECKH YCHOELIHOH.

3. Bocrounoli casoseidi paiioH, xo0a00uasHas mouiHocTe 88 KBT.
Js XOMOAHNBbHHKOB ABYX CJAYXeGHBIX 3XaHHM MCIOJb30BaJH NMPHUBOX-
Hoit aBuratesbp «Ford» ¢ aBTOMaTHYeCKMM NMyCKOM M OCTaHOBKOH, CTY-
NeHYaTHIM H3MEHEHHEM CKODOCTH H ‘Harpy3kod uujauHapos. CtaHxapt-
HBle METOABl YNpaBJeHHs ABUraTeNeM M XOJOXHJILHHKOM OCYUIECTBJs-
JHUCh 0e3 HeMmOCPeACTBEHHOTO BMeHIaTesbCTBa 4YejoBeka. OleHKa CTou-
MOCTH 3KCIJIyaTalHH M APYTHX 3aTpaT Ha 3TH YCTAHOBKH MOXKeT fe-
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30pHEHTHPOBATL B ¢BA3H ¢ dakTopaMu BpeMmenu. Undasuus sacrapas-
€T TaM, I'ie 3TO BO3MOXKHO, HCNOJb30BAaTh TOJIBKO CaMble MOCJAeRHUE
nauuble, [lauuble Ha ypoBHe ueH 1976 r. nnisg nopluHeBHIX MAUIHH Ha
Jgerkoi Hedptu (kaacc A/B), taxenom tonause (kaaccel F u G) u npu-
poAHOM rase (ABYXTOIUIHBHBIE CHCTEMB) NpHBeZeHbl B pabote [13].
IIpuusiTele HHU3KHe CpeLHHe 3HAYEHHST [Js1 CTOMMOCTH BOCCTAHOB-
JeHHoro cGpocHoro Tenna: 0,45 [as Tensna BBIXJONHBIX ra3oB H
0,95 nenc/(kBT-u) ans Bcero Temia, BKJAKYAs BOASHOE OXJaMKAeHHE,
DTH AaHHbBe NMpUBedeHbl B Tabu. 3.8 AJd HOpIIHEBbIX ABHraTe el MoLI-
HocThiO 1—2 MBT,

Ta6auua 3.8. kcnayarauHoHHble 3aTPATH HA BOCCTAHOBJEHHE TeMJaa
nopumHeBux ABHraredei 1—2 MBT

Knace F; Kaace G; HOpyxTon-
3arparsl 3a | MIAX, &. cr. E:gaigﬁ' 2’77?d_fT 2’36¢‘_‘:T" 2,(‘5’1 Hg.mgf.,‘
ob/Mun | 600 of/Mun | 500 06/mun 6007(5;(6’ Twns
CroHMOCTh o6opynoBaHus,
&. cr./kBT:
3/1eKTPOMEXaHHIECKOro 110—124 120—170 150—190 120—180
HYCKOPEeTyJHPYIOLLero 12—20 12—20 12—20 12—20
CHCTeMBI OXJ1aXKAeHHS 20 20 20 20
Bcero 142—164 182—230 152—220
(153) (206) (186)
CrpaxoBka, npubbiip (3a 1,5304 1,8107 2,0608 1,8607
roa) :
JKCnnyaTauHOHHBIE 3aTpaTHl,
nexc/(xkBt-u), Ha
TOIIHBO 1,292 1,004 0,850 1,100
CMasKy 0,050 0,053 0,056 0,050
3apnaaty 0,027 0,033 0,036 0,023
CTPaXOBKY 0,067 0,133 0,200 0,067
Becero 1,436 1,223 1,142 1,240
Kanuraausaius,
nenc/(kBt-u):
50% HCTIONH30BAHH A 0,349 0,413 0,471 0,425
(4380 u/ron)
10% HCMOJMb30BAHHSA 1,747 -—_ — P
(876 u/ron)
IlpuBeseHHble 3aTpaTH Ha 3,183 1,636 1,613 1,665
MeXaHHYECKYIo 3HEpTHIO,
nexc/ (kBt-4)
Boccranosaexue Temnaa, 0,950 0,950 0,950 0,950
nexc/ (kBt-1)
IlpuBeneHHne  3aTpaThl € 2,233 0,686 0,663 0,715
HCHOJIb30BAHHEM TemJa,
nexc/ (kBr-4)
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3.4.3 ABHMFATENH BHEWHErNO CroPAHMA

ITo Mepe pocra TeHAEHLHH K HCIIOJb30BaHHIO cOpPOCHOro Temja H
COJIHEYHOH 3HePrHH HHTepeC K 3THM JBHraTteJasM Bo3pacraer. Bmuy-
TpeHHee cropaHue Heu3GexHO TpeGyer o6BIYHOTO H Bce GoJiee 10POroro
TONJIHBA, TOrja Kak jABurartejH CrupJauHra Moryt paboraTh Ha Oec-
IJIATHOM TeIJie HJIH JelleBOM TOILIHBE.

Hmeercst psin coBpeMEHHBIX INPOEKTOB HCIOJb30BAHHA COJIHEYHOH
sHepruu [1—4]. B ra1. 2 yxe ynoMuHaauch CBOGOAHONOPIUHEBHE IHK-
Jabl CTHPJIMHTA U IBa ABOHHBIX LHK-
Jna PeHKHHa, KOTOpble MOTYT HC-
NOJb30BaTh COJIHEYHYIO SHEPTHIO.

[TpuMep Takoro uuK/Ia NpHBEAEH
Ha puc. 3.17 [5]. 3mecy ycra-
HOBKH C JBOHHHIM LHKJOM PeHKH-
Ha C BHEUIHHM CropaHHeM rasa co-
Jepxar TIPHBOJAHOH ABHraresb B
BHJe BHICOKOOGOPOTHOH TYpOHHH
¢ rasoBbiMH noawxnHEukaMH. Ha
TO e Bajy pa3MellleH LeHTpoOex-
HbI Kommpeccop. DTa MHHHATIOp-
Hasi yCTAHOBKA Npe/lHa3HaueHa JJis
HHAHBH/YaJbHOrO JOMALIHEro Io-
TpeGJeHHst H, HECMOTPSA Ha PAA  Ppyc. 3.17. TypGoKoMnpeccophufi poTop
npo6JieM, peajiH3yeT HHTEPeCHYI0 Iuusea.

HJielo, 06CYKAaeMYI0 TaKXe B IJI. 5.

JIlpyrasi skcnepuMeHTa/lbHasi yCTaHOBKa — TeMJIOBOH Hacoc ¢ MpH-
BONHbIM nBuratenem CrHpJiuHra, paspaGathiBaeMmblii ¢upmoit «Phi-
lips». DKOHOMHYHOCTb OGOHX YMOMSIHYTBIX CHCTEM ONpeNeNsieTcsd HX
CMOCOGHOCTBIO HCMOJb30BaTh COPOCHOE TemIo MPOAYKTOB CropaHus.
B cucreme duaunca npHMeHsieTcsi MNOPIIHEBOH KOMIIpeccop, NMpHYEM
paGouee TeJO B TEIVIOHACOCHOM LMK/ He Takoe, Kak B aBurarene. Ho,
KaK TMOKa3aHO B NMpeAbIAylled rjaaBe, YCTaHOBKH C JBOHHBIM LHKJIOM
PeHnkHHA MOTYT HCNOJIb30BATh OAHO H TO ke paboyee TeJo.

3.4.4. APYITME NPUBOAHLIE ABUIATENH

Henmoporoit u HajeXHBIi MPHBOJA KOMMpeccopa NpeACTaBJfeT HaH-
Gonee TpyaHylo mpobiemy TemnoBoro Hacoca. MexaHuueckas paboTta
TpebyeT 3aTpaThl 3HEPrHH BHICOKOTO KayecTBa H HeH3GeXKHO CpPaBHH-
TeqbHO Hoporo#i. OXHAKO HMEIOTCS HEKOTOpHhie TNpPHJOXKEHHS, TAe pa-
60Ty, a He TemJI0 MOXHO MOJYYHTh OeCnJaTHO, H B 3THX CJAydYasix Ipe-
HMYILECTBO TelJIOBOro Hacoca o4yeBHIHO. TaM, rie HcnoJb3yercs BeT-
poBasi 3HeprusA HJIH Heprusl najaloiled BOAbI, a TOMJHBO JOCTaBJAThH
TPYAHO, 3Ta HAest MOXKeT GHITh peasii30BaHa J0BOJbHO GuicTpo. B Okc-
dopackoM yHHBepcHTeTe pa3pabaTeiBaeTcsi HeGOJbILOH NPOEKT BeTpO-
nmlrareim C BePTHKaJBHO# OChbIO A/ NPHBOJAA KOMIPECcopa TeMJoBOro
Hacoca *.

* Cm. Takxe. P. W. White. A proposal for generaling heat from wind ener-
gy. — Energy for Industry. Ed. O'Kallaghan, Pergamon Press, 1980,



3.5. TENNTOOBMEHHMKM

KoHCTPYKIHSAM TennoOOMEeHHHKOB AJS TEMJIOBEIX HAaCOCOB MOXXHO
HOCBSITHTD lleJible KHHTH. B 3TOM pasjene OrpaHHuYMMCH TOJBKO Kaue-
CTBEHHBIM OMHCAHHEM OCHOBHbLIX NPHHUMIIOB, ONTHMaJbHBIMH YCJIOBHS-
MH TeIIoo6MeHa U MOoBeleHHeM CMECH XJajoareHta ¢ Maciaom. Bonpo-
cH Tem1oo6MeHa MOAPOGHO paccMoTpeHbl B pabGote [6] mas pasaud-
HBHIX NpuJoxeHu# M [7] cnemuanbHo anas xmaajgoaredros. Onucanue
0cobeHHOCTEH CMeCH XJafoareHTa ¢ MacjoM NnpuBeAeHO B [8].

3.5.1. TENNOOBMEH

Bce ocHOBHBIe Ten0006MeHHHKH, HEOGXOAHMEE AJs TENJIOBOTO Ha-
coca, cXeMaTHiecKH IOka3aHbl Ha puc. 2.6, Tennoo6MeH B HUX MOKeT
6bITb KaK ofHO(a3HBIM, TaK U AByXdasusM. OxHodasusiil TennoobMeH
03H3yaeT, YTO B NpeAesax TenJoo6MeHHHKA TedeT JIHOGO TOJBKO KHI-
KOCTh, 60 TOMbKO mnap. B aByxdazHoM TemnooGMeHe yuacTByeT
CMech I1apa H XKHIKOCTH, HO3TOMY ero ONHCaHHe 3HAYHTENbHO CJIOXKHee,
yem opHogasnoro. Kumenne u KoHAeHcauus — 3T0 AByx($asHbie Hpo-
HEeCCH, TOTJa Kak leperpeB mapa, NMepeoxaaxK/eHue XHAKOCTH, TeIllo-

T T

T
z) z )
Puc. 3.18. Pacnpeaenenne TeMnepaTypsl B TeNJIOOOGMEHHHKAX.
a — NPOTHBOTOK; 6 — NpAMOTOK; ! — ofxHodasHoe TegeHHe; 2 - KOHACHCAUMSA,

OoTAava BOJE WJH BO3AYXY — IIpoLecCH OfHodaszHble, 32 HCKIOYEHUEM
TeX CJyYaeB, KOTJa CyIeCTBEHHO cOJepKaHHe BJark B BO3AYXe.
O6bIYHO TenJIoOOMeH ONUCHIBAETCS KaK BbIHYXKJCHHAsT KOHBEKILHS,
YTO O3HayaeT JBHXKEHHE B KHAKOCTH TEIUVIOOOMeHHHKA TOoJ AeHCTBHEM
BHEINHero nepenaja XaBJeHHH HJs NMOBHIUEHHs Ko3dduIHeHTa TenJo-
oTiauy. 3Jech HauboJsee BaXKHLHIM NapaMeTpoMm sBJsieTcsl yHciao Peil-

HoJbAACA
Re=4M/nuD,

rae M — MaccoBniél pacxon; D — auaMmerp; g — BSI3KOCTb.
3HAYUTEJbHBIA PAacXoJ MaJoOBA3KOH XKHAKOCTH B TpyOke HeGoJb-
nioro Auamerpa obecrneyHBaeT BBHICOKHA KO3(h(HIHEHT TemaooTAaul
KakK anf oAaHohas3Horo, Tak U AJst AByX(pa3HOTO TeyeHHH, OAHAKO 60Jb-
Iasi CKOpocTh TPeOyeT H 3HAYHTEJPHOro Hepenaja AaBJeHHH, TaK YTO
HeoOXONHMO NPHHHMAaTb KOMIPOMHCCHOE pelleHHe. Tensoo6MeH npu
CBOGOJHOA KOHBEKIHH HMEET MecTO IIPH OTCYTCTBHH BHEIUHHMX JBHXKY-
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IIHX CHJ, OH OmnpefeJsieTcss BCNJHIBAHHEM Harpetoit xkuakoctH. ITo
KoHUrypauuu TenjoOOMEHHHKH HeJsiTCi Ha IPOTHBOTOYHBIE, IPSMO-
TOYHBEIE H ¢ NMOMEPEYHHIM MOTOKOM, YTO onpefeasieTcs TpebyeMbIM pac-
npeienenreM teMmnepatyp. HauGonee pacnpocTpaHeH NpOTHBOTOYHHIH,
XOTA HAEAJbHHH IPOTHBOTOK MOXHO IOJYYHTH TOJBKO B TENJIOOOMEH-
HUKe U3 KOHIeHTpHueckux Tpy6. Mcmapenne uian KoHAeHcanust cnocob-
CTBYeT BLIDABHHBAHHIO TEeMIEPaTypH B TemnooOMeHHuke. IIpumep
pacnpeleJieHUs] TeMIIepaTyp B TemyMooOMeHHHKe MOKasaH Ha puc. 3.18.
OrMmeTuM, Y10 AJisl MOJHOTO pacyera TEMJOOOMEHHHKA HeOOXOAHMO OIl-
peleauTh Ko3(hGHUUHEHT TemIOOTAAYH NPH KOHAEHCAIHH NEeperpeTroro
napa u HepeoXJaXKAe€HUH JKUJKOCTH OJXHOBpPeMEeHHO ¢ Ko3dduuneHTaMH
TENNOOTAAYH NIPH KOHAEHCAIlMM Mapa co cTemeHbio cyxocth ot 100%
Ao 0. D10 3HaUHTENBHO CJOXKHel onpejeseHus K03QOUUUEHTOB TemJo-
OTAAaY¥ NpPH OXHODA3HOM TeUeHHH.

3.5.2. MOBEAEHUE XJIAQOATEHTA

Tenn006MeHHHKH LOJRKHBEI GBITh PAaCCYUTAHHL JJs1 paboTH NIpH BCex
pexumax. Ilpn 3ToM crefyeT MpHHHMATh BO BHHMAaHHE HX pa3Mclile-
HMe TI0 OTHOIUEHHIO APYr K APYry H K KOMIIPeccopy, a Takxe II0 OTHO-
IIEHHIO K BepTHkaJH. IlJst 9TOro ecTh JABe BaKHHE NPHYMHBL 1) XKHA-
KMil XJaJloareHT He JOJIKeH INONafaTh B KOMIIpeccop; 2) Bce MacJo,
HOKHJalolllee KOMITpeccop, JOJNKHO B HETO Bo3Bpallathest. PaccMoTpum
cHayvasa BTOpylo npuuuHy. BosBpaT Macsia oO6bluHO obecmeuynBaeTcs
NMOAAepKAHHEM COOTBETCTBYIOLEH CKOPOCTH XJafoareHTa B TpyO6ompo-
BonaXx. DoJjiee paspexeHHBIt map HJAM HClapeHHe IPH NOHHUIKEHHBIX
TeMNepaTypax TpeGyeT NOBHIIIEHHBIX CKOPOCTeH, a HEeKOTOPHH MHHH-
MYM CKODOCTH cJejyeT NMOAJepIKHBAThb NPH BceX DPeXHMaX, BKJIOYas
H YacTHYHYIO Harpy3ky. OueBHIHO, 4TO HHTEPBAJ NepenajoB AaBJeHHH,
HeoGXOXHMBIX BO BCCX peXHMMax, HAaCTOJbKO BEJHK, YTO cCHCTeMa Tpe-
6yer NBOHHOM JMHHH BCAChIBAHHS.

Ucnaputenr ¢ mcmapeHueM XJaafoareHta BHYTPH TpPyGoOK Takxke
JIOJIKeH OHTh PACCYUTAH Ha MPOAYBKY TPYGOK YXOASIIMM mapom. Mac-
J10, IONajawilee B HCIapuTeJb B PacTBODe C XJ3aA0areHTOM, AOJXKHO
OBITh YHECeHO H3 HCIapHTeJsl MOTOKOM AOCTATOYHON CKOpPOocTH. B Goub-
IIMX HCOAPHTEAAX MAacjc OCTaeTcsd B JKUAKOM XJajoareHre, rae €ro
KOHIEHTPAUHsI MOBBHILIAETCs], H 3aTeM YAAJseTcs uepe3 CHCTeMY MacJs-
HOTO [peHa)ka HJH CHenuasbHYI0 CHCTeMy Bo3BpaTa Macia. Ilas pa-
6OoTHl TAaKOH CHCTEMBI HYXKHO, 4TOOB YZHeJbHBIH Bec Macsaa Obla
CYLIECTBEHHO Bbillle, YeM XKHAKOTO XJaJoarenta, H Macjo cTeKaso
BHH3.

Macio B KOHIeHcaTOpe He NMpeACTaBAsieT TAaKOH MpPOGJeMbl, ecau
€ro KOJHYecTBO He 4Ype3MepHO M OHO He IepeNoJHseT HcIapuTelb,
pacTBopHBIINCh B XJafoareHTe. [IoBeieHHe XJajoareHTa MoXeT OBIThb
6osiee H3MEHYHBBIM, YeM MacJua. VaMeHeHHe NPOM3BOZUTENBHOCTH CH-
CTEM, BKJIOYEHHE H BHKJIOUeHHe H, caMoe TpYJLHOe, peBepCHBHHIE Tell-
JIOBble Hacochl (B KOTOPBIX HCIIaDUTENb CTAHOBUTCS KOHIEHCATODOM H
Hao60pOT) MOTYT ONPOKHHYTb Bce pacueThl KOHCTPYKTOPOB. JKHAKOCTb
MOXeT coOpaThCcsl B KOHJE@HCATOPE HJH IIPHEMHHKE XKHIKOCTH MOJ KOH-
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JEHCATOPOM H NMOCTYNATh B HCHAPHTENb Yepe3 PACHIHPHTENbHBIH KJla-
naH. IIpy ucnapennn BHYTpH TpyGoKk Hcnapartenss o6beM KHIKOCTH
HeBeJHK M 0oJblast 4acTh XJafoareHTa KOHHEHTPHPYeTCcss B 30He BHI-
COKOTG JlaBJIeHH .

JKHIKOCTb NOCTHraeT KOMIpeccopa passHuHbiMH myTsMmu. OHa Mo-
JKeT KOHJEHCHDOBaTbcsi B cOOpHHKe BO BpeMsi paboTH HWJIH NPOCTOS
KOMIIpeccopa, €c/H KOMHOpPeccop XoJolHee KoHAeHcaTopa. JKuAKOCTb
MOKeT IIONAcTb B KOMINPECCOp H3 KOHAeHCaTopa NOA AefcTBHEM pas-
HOCTH naBaeHuil. ITocse peBepca cHCTeMBl TeNMOOOMEHHHK, KOTOPSIil
Hrpaj poJb HCMApHTENs M CTAHOBHTCS KOHAEHCATOPOM, MoOXeT OBITh
3aNoJIHeH XKHAKOCTBIO, MOMajamlleii B KOMIIPeccop, €ClH He Ipeny-
CMOTPeHa COOTBETCTBYIOUIAs 3allMTa. JTa 3alUTa OOBIYHO BHIOJIHSA-
eTcsl B BH/eE JIOBYWIKH [IJIs KHIAKOCTH Ha CTOPOHE BCACHIBaHHS, OTKYZAA
JKHAKOCTb JHOC OTKauuBaercs, JuGo ucnapsiercs. OHa TakKe MOXKeT
HNpUHATL GOPMY NPOMEKYTOYHOrO TeNNOOOMeHHHKAa CIeLHabHOH KOH-
cTpyKuuH (cM. puc. 3.25).

3.5.3. TMINHl TENNNOOBMEHHHUKOB

B atom pasnene npuBefeHH TIpHMephl HauGoJjee paclnpoCTpaHEH-
HBIX TeIJIOOOMEHHHKOB, MOKAa3bIBAIOIIMEe, KAK HAa NPAaKTHKE pellaloTcs
yKasaHHble Buillle NpoGjembl. PaccMOTpeHB TemnooGMeHHHKH XJaxo-
areHTa c BO3JYXOM, BOJOH H, HAKOHEIl, X/J1ad0areHTOM.

OTanunTeNbHAsT OCOGEHHOCTb BCEX TEINIOOOMEHHHKOB C BO3AYIUHBIM
OXJaXXJeHHEM COCTOHT B MaKCHMAaJbHOM pa3BUTHH INIOBEPXHOCTH CO
CTOPOHH Bo3ayxa. IIpHunHa B TOM, 4TO KO3 (HIHEHT TEIIOOTAaUH CO
CTOPOHH BO3AyXa B 5—10 pas HHXKe, YeM CO CTOPOHBI XJaZOareHTa, H
3TO HaJ0 KOMICHCHPOBATb YyBeJHYeHHeM ITomiagd. THNMYHBE TeIIo-
OOMEHHHKH C BO3AYIIHBIM OXJa)KJeHHeM IMoKasaHwl Ha puc. 3.19.

HHrorna opeGpeHune ocyliecTBasieTcsl NONepeKk BCeX BHTKOB, NpHuYeM
TPYGKH BCTaBJIeHH B NMJIACTHHBI, Hrpalounxe poJsb peGep, a HHOTAA ope-
6psietcs Kaxjas TpyOka. s mpokauku Bo3ayxa 4epes TemsioobMe-
HUK TpefyeTcsl BEeHTHJSTOD, H NO3TOMY XapaKrep opebpeHHs ompeje-
JNfeTcd MHOrMMH (DaKTOpaMH: pacXoJOM H JaBJeHHEM XJaACcareHta,
TeXHOJIOTHe!l MpPOH3BOJCTBA, COBMECTHMOCTBIO MaTepHaJioB, PAa3HOCTBIO
TeMIIEpaTyp, CTOUMOCTbIO H T. IL. [ToapobHee opebpeHHbBle KOHCTPYKIHH
omvcaHu B [9].

Ha puc. 3.20 nokasan moJBOX XHAKOTO XJaJoareHTa K HCIapHTe-
Jio or xpoccens. IIpsiMoTounslfi Tensoo6MeHHHK TaKOrOo THOA MpHMe-
HSIOT B TeX CAy4YasiX, KOTAa Nepernaj AaBJCHHA IO XJafcareHTy AOCTa-
TOYeH, YTOObl BEI3BATh 3aMeTHHI Nepemaj TeMmepaTyph TIpH HcHape-
HuH. Tlocnepnuit pax TpyGok mepel BXOJOM B KOMIIpeccop pasMellleH
B HayaJjle TeUYeHHs C ILe/bl0 MOJYYeHHS MAaKCHMaJbHOrO Ieperpesa. Ta-
Kasl cXeMa yallle NpUMeHseTcs [JI51 HH3KOTeMIepaTyPHBIX NPHJIOKEHHH,
a AAs BBICOKOTeMIIEpaTypHBIX GoJiblile pacmpocTpaHeH npsMoToK. He-
o06XoluMa NMpaBHJIbHAsl YCTaHOBKA KOHCTPYKIHH IO OTHOLIEHHIO K Bep-
THKAJH.

Ha puc. 3.2]1 nokasaHH TeNnJcOGMEHHHKH XJaJ[0aTe€HT — BOJA.
Boxa mporexaeT cHapyxXH Tyyka TPyGOK IO 3Hr3aroo6pasHOMy KaHa-



Pue. 3.19. Tennoo6MeHHHKH ¢ BO3AYIIHBIM OXJaXKAeHHEM.

Jy MeXIy CerMeHTHHIMH INeperopojkKaMH, MHOTOKPAaTHO mNepeceKkas
TpyOKH. DTO AesaeTcsl AJS MOBEILEHHS TEMJOOTAA4YH K BOJAE H HAOCTH-
raercss IEHOH YyBeNHYEHHS TMOTepb
fAaBnenusi. CJieayer OTMETHTb, UTO
BHEIIHHH KOXYX, TIOKa3aHHHIA Ha
HHXKHeM oOpasue puc. 3.21, okpyxeH
CJIOEM TEMJIOH3O0JISIHH, 4YTO OOBACHSA-
€T Pa3HHIY B AHaMeTpPax MexAy ABY-
Msi o6pasuamu. Hsonsiuus HeoGXomH-
Ma MNpH OXJaxKAeHHH BOJH, KOTAa
TeMIlepaTypa B HCHapHTeJe 3HauH-
TeJbHO HHXKe OKpyxamwlie#i. B temnyo-
HacoCHOM BapHaHTe 3TO He Bcerja
TaK M TENJOH3OJALHSA 3a4YacTyio He
Tpebyercs.

Puc. 3.20. Cxema HcnapHTeNda ¢ XJafoareH-
TOM BHYTPH TPYGOK.

1 — notok BO3fyxa; 2 — KOMJMEKTOp Ha Bcace; 3 —
Ipoccenb H PEryAATOP KHAKOCTH: 4 — BXOL MHAKO-
ro xnajoareHta; 5 — ypaBHHTeabHasm TpyOka; 6 —
Ha BcachiBaHHe.

3 — 67 —



Puc. 3.22. Ia THma KOXYXOTPYGHBIX
HemapuTtesefl ¢ opeGpeHHBIMH  TpYG-
KaMH.

Tennoo6MeHHHKH, TNOKa3aH-
Hble Ha puc. 3.21, HasmBalOTCH
KOXKYXOTpyOHEIMH. B HHX xs1a-
Jl0areHT MoxeT OHITb KaK BHYT-
pu TpYGOK, TaK H CHapyXH, NpH
3TOM OChb KOXYXa MOXeT OHTb
BePTHKAJbHOH HJIH FOPH30HTAJb-
HOH. BepTHKaabHasi ycTaHOBKa
objierdaer OTBOJ JKHAKOCTH OT
KOHJecaTopa, HO He Bcerga Io-
BBILIAET TENMJIOOGMEH NpH KOH-
JleHcauHH. DTOT TemjaooOMeH 3a-
BHCHT OT TOJIOHHH  XHAKOH
IVIEHKH XJlaJloareHTa Ha CTeHKe
Tpy6ku. Ecam Tpy6kKa ropu3oH-
TaJbHAasA, JXHAKOCTh IOKPHIBAaeT
TOJIbKO OJIMH CEKTOp NepHMeTpa,
a NpH BePTHKAJbHOJ YCTaHOBKE
BCl IOBEPXHOCTb MOXKeT OHITh
MOKPBITA KHIKOCTBIO.

PasnoBuaHOCTEI KOXYXO0-
TPYOGHBIX TEMMIOOOMEHHHKOB JI0-
BOJBHO MHOro, JBe H3 HHX
¢ opebpenneM TPy6OK MOKa3aHH
Ha puc. 3.22. Tennoo6GMeHHHKH
¢ U-o6pasHbiMH TpyGKaMH Ha-
3bHIBAIOT TaKKe JIBYXXOJOBBIMH.
Onn mumeilor GoJbllioe INpeHMY-
IIECTBO B TOM, YTO pPa3JHYHOE
TepMHYECKOe pacuUIHpeHHe Tpy-
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Phuc. 3.23. Ceuennsi TpyGOK HCMapHTe/dell ¢ XJAaf0areHTOM BHYTPH TPYGOK.
I — anwoMHHHeBBic peGpa; 2 — MeaHble TPYGKH; 3 — MOpHCTaA Melb.

60K, HanpHMep MEeJHbIX, H KOXYyXa, KOTOPHIi MOXKeT ObITb CTaJbHLIM,
He MMeeT 3HaYyeHHs, TaK KaK Ha JAPYroM KOHIe TeNnJOOGMEeHHHKa HeT
ynaotHeHHi. OLHOX0J0BOH TenJoOGMeHHHK HMeeT JHOO CKOJb3siliHe
YIUIOTHekY4s, 60 OAHHAKOBblE MeTaJIIb, JHOO KOMIEHCATOPHl pacllH-
peHus.

Koxyxorpy6Hble Tennoo6MeHHHKH HaunboJiee LIHPOKO NpPHMEHAIOT-
csl B caydae TenJooOMeHa MeXIy XJafoareHTOM H BojoH. KoHcTpykuus
TeNJ00OMeHHHKOB OYeHb NPOCTa, OHA COAEPXKHMT pasJiHYHHe 3amnared-
TOBaHHBIE YCOBEpUICHCTBOBAHHSA [IJisl NMOBHILIEHHS KO3(dHIHeHTa Temn-
JIOOTAa4H.

Puc. 3.24. Tennoo6MeHHHK ¢ BHTHIMH TpYyS-
KaMH.

—

Puc. 3.25. TIpoMexyTOuHHMA Ten006MenHAK
¢ ope6peHHHIMH TPyGKaMH.

1 —BHXOM MXHIKOCTH; 2 — BXO# nmnapa; J— BXon
KHAKOCTH; 4 — Ha BcachiBaHHe.
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HBa tuna TpyGok nast ucnapuresefi noxasats Ha puc. 3.23. Oaua
43 TPyOOK MeZHasl U COLEPKHUT BHYTDH aJIIOMHHHEBYIO BCTaBKY, yBeJH-
YHBAIOIULYI0 NMOBEPXHOCTb M MOBHINAWILYIO TenaooGMeH. pyras Tpy6-
Ka ¥MMeeT BHYTPEHHIOIO IIOBEPXHOCTb, NOKDBHITYI0 TODHCTHIM CJIOEM,
CO34al0UIMM MHOXKECTBO OYaroB Uit 06pa30BaHHS My3BIPbKOB IIPH KH-
IeHHH XJaf0areHTa. ITO BeleT K CHHXKEHHIO Da3HOCTH TeMNepaTyp NpH
3a/laHHOM TeIlJIOBOM NOTOKe, YTO OYeHb BAaXKHO AJs TENJOBOTO Hacoca.
C Tolf Xe UesbIO MHOrAa NpHMeHSIOT GHTHIM H3 MeJKOfl MeTasjuye-
CKOH CeTKH.

Pa3HOBHAHOCTBIO TAaKHX TEMJIOOOMEHHHKOB SIBJSIETCS] TEMJIOOGMeEH-
HHK TpyOa B TpyOe, rie o6ecneuHBalOTCA HACTOSIIHE YCJIOBHS NPOTH-
BOTOKA, ONHAKO DasMephl NPH 3TOM BO3PACTAIOT.

Bonee kOMNnakTHBI TENI006GMEHHUKH C BHTHIMH TPy6KaMH BHYTPH
Koxyxa (puc. 3.24). 3nech focTHraercsi BHICOKHHE KO3 PHUHEHT Tena0-
o6MeHa KaK BHYTDH, TaK M CHapyXu TpyG B pe3yJbrarte TYpOyJeHTHO-
CTH, BHI3BaHHOH (opMoi TeueHust. OHU IIPHMEHSIIOTCH pexke IO CpaB-
HEHHIO C NPSIMBIMH TPYOKaMH H3-32 NMOBBILICHHOH CTOHMOCTH.

ITpoMeKyTOUHBII TeIIOOGMEHHHK, Ha3HIBAeMBIH TakxKe I[epeoxJia-
[HUTeNIeM HJH TlaponeperpeBaTedeM, ofecleuuBaeT TeNNOOGMEH MEXKAY
XJaj0areHTOM B NMapoo6pa3sHOM H XUAKOM cocTosiHHH. OH yCTaHaB/H-
BaeTcs Ha BcachIBalOLlel JHHHH MeXAY HCIapUTeJeM H KOMIIpeccOpoM
# JOJIKeH CO31aBaTb BO3MOXKHO MeHblIee COTPOTHBJAEHHE MOTOKY Ia-
pa. IToaToMy co CTOpOHB Mapa MPOXOJHOE CeUeHHE BeJIHKO, a NOBepX-
HOCTb Temnoo6MeHa yBeJuuuBaeTcss opeGpenueM (puc. 3.25). Hada
MeJIKHX TeIJIOBBIX HacOCOB MOAOGHBIA TeNJOOOMEHHHK MOXKHO BHIOJ-
HATb M3 KOHUEHTpHYeCKHX TPyO HJIH B BuAe COOPKM H3 MNasgHHX
TpyGOK.

3.5.4. PAIMEPHI TENNOOBMEHHHKOB

KoHcTpynpoBaHue TenmIo06MeHHHKOB JOCTATOYHO CJOXKHO Haxe §e3
yuera Takux (akTopoB, KaK CTOMMOCTb, HO AJSl TENJIOBBIX HAacCOCOB H
3TOT (axTop HeOGXOAMMO YUHUTHIBATH. IlOCKOJIBKY OCHOBHOM CMBICI
TENJIOBOr0 Hacoca B TOM, uTOGHL JaBaTh (oJiee JelleBOe TEMIo, yeM
TPaJAHIMOHHBIE MHCTOYHHKH, pelIalouiee 3HaueHHe HMeeT CPOK OKY-
NaeMOCTH KAallUTAJIOBJOMXKEHHUH, KOTOpHI [AOMKeH ObiThb TIAaTeJNbHO
MOACYMTAH. YBeJH4eHHe pa3MepOB TeMJIOOGMEHHUKOB MOBBHIINAET HX
CTOMMOCTD, HO OJHOBPEMEHHO YMeHbIIaeT Pa3HOCTh TEMIepPaTyp MeXay
KHIIeHHeM ¥ KOHIeHcauuell, a 3Hayut, nosbimaer KOII. Koncrpykrop
JOJIXeH PacCUHTaTbh ONTHMAaJbHHHA TeNJoOOMEeHHHK HCXOAS H3 3KOHO-
MHYECKHX co00paxKeHui.

HnrtepecHble uccaenosanus 31oro Bomnpoca usnaoxens B [10]. Oc-
HOBHOH BBIBOJ, COCTOMT B TOM, YTO TEIJIOBblE HACOCH C 3JIEKTPONpPHBO-
OOM AJist ycaoBHH AHIVIMH JOJIXKHBI HMETh CYILECTBEHHO (NOYTH BABOE)

6osbIIHA KOHIEHCATOD MO CPaBHEHHIO C arperaTaMH, BBITYyCKaeMBIMH
B CHIA.



3.6. MATEPHAID!

Be6op MaTepHaNoB A/ KOHCTPYHPOBAHHS TEIJIOBHIX HAacoCOB
HMeeT, KOHeUYHO, MeHee¢ BaXKHoe 3HayeHHe, 4eM BHIGOp XJaJOareHTOB,
obcyxaasinxcs B § 3.2. Ho korna xsaazoareHT yxe BHOpaH, ciexyer
HOAO6DATH KOHCTPYKIHOHHEIE MATEPHAJIbl, COBMECTHMBIE C HUM.

Hcnonb3oBanue Meil B KayecTBe KOHCTPYKIHOHHOTO MaTepHaJa
BbIHYXKJEHHO. Bricokasi TemyIonpoBofHOCTb OGBACHAET IPERMYILECTBEH-
HO€ HCIOJNBb30BaHHE MeAH AJs TPYGOK TeNJIoOOMEHHHKOB, a 3JEKTPO-
IPOBOAHOCTb — JJII OGMOTOK BCTPOEHHBIX 3JIEKTPOJABUraTesell repme-
THYHHX KOMIpeccopoB. OcHoBHass mnpobieMa HPHMEHEHHS MelH
(oMeJHeHHe) TPOABJAETCS B TOM, YTO MeJb PAcCTBOPSETCS B XJaJ0areH-
Te, Oca)kJAaeTcs B pa3JHUHBIX YAaCTAX KOHTypa i SICHO BHIHA NIPH PeBH-
3uH. B HCK/IIOUHTENIBLHHIX CJAydasix 3TO BeleT K NOJOMKe KOMIpeccopa.
Tenepb yke coBepllieHHO SICHO, YTO NPOJLYKTH PeaKIHH MacJo — XJa-
J0areHT B COYETAHHMH C BHICOKHMH paboYHMM TeMIepaTypaMH M NpH-
CYTCTBHeM BO3JlyXa MOTYT BHI3HBaThb oMenHeHue. [IpoGaema Bce ele
CYylLIecTByeT, HeCMOTDS Ha pa3paboTKy HOBbIX maces. Cepbe3HHM Orpa-
HUYeHHeM NDHMeHEeHHs MelH SBJsIeTCS ee IOJHas HECOBMECTHMOCTDb
C aMMHAaKOM. DTO 3HAYHT, YTO AJISI aMMHAYHBIX CHCTEM BCE TemI0006-
MeHHHKH HLOJKHB GHTb aJIOMHHHeBble HJIH cTanbHue. [axe cozepxa-
mas Melb NMOALIMNHHKOBAs G6poH3a JoJXKHa GHTH HckialoueHa. Hepos-
MOKHO CO3X3HHE TePMETHUHBIX aMMHAUYHBIX CHCTeM ¢ MeAHOH OOMOT-
KO BCTPOEHHOrO 3JIEKTPOABUTaTessi. DTO OrpaHHuYeHHE CO3JaeT Npo-
6neMbl H IJis BOZOAMMHAaYHBIX a6COPOGUUMOHHBIX CHCTEM, TAe OOGHYHO
NpHMeHsIeTCA IeJbHOCBapHas CTajbHash KOHCTPYKLHS ¢ BBeJeHHEM He-
GOJNBLIOr0 KOJHYECTBA HHTUOUTOPOB AJs HpPEAOTBPAlleHHS KODPO3HH
H 06pa30oBaHuA HeKOHIEHCHPYIOIIHXCS Ta30B, HAKOIIEHHe KOTOPHX Ha-
pyiiaer pa6oty cucreMbl, XoTs nafika MATKHM WIH TBEePIBIM IIPUNOEM
JlelieBje H NpOlle CBaPKH, OHAa BHI3bIBA€T ONACHOCTH KOPPO3HH IpH
B3aUMOJAEHCTBUH ¢ XJaJ0areHTOM M NPOAYKTAMH peaKIHH, OCeJaroulH-
MH BHYTpH TpyGok. Kannu npunos, npoaykthl u3Hoca 6pOH3H, CTPYX-
KU OT 06pe3ku TpyO, OpPBI3rH OT CBapKH U APYTHe 3arpsi3HeHHS MOTYT
ObiTb BHEeCEeHB XJaJ0areHTOM B koMmmpeccop. [l uX oThejieHHs Ha
BXOJie B KOMIIpeccop yCTaHaBJHBaeTCs peileTyaThit uabTp. Bosmoxk-
HOCTb NPUCYTCTBHS NMOJOGHOr0O Mycopa He cJeAyer 3abuiBaTh IpH
HCIILITAHHH MaTepHaJIOB Ha COBMECTHMOCTb M NMOMeIlaTh BMECTE C XJa-
O0areHTOM H MacJIOM B repMeTHYHBIe TPYOKH TaKXKe H cMechb COOTBET-
CTBYIOLHX MeTaJlJIOB.

3.7. YNIPABJIEHME

BonbIIMHCTBO HaXOAAUUXCA B NMPOJAKe TEIVIOBBIX HAcocoB JJIs
LOMalIHero TEMJIOCHabKeHUsT HMeeT IBYXIIO3HIHOHHOE peryJHpOBaHHe
(BKJIIOUEHO — BHIKJIIOUEHO), MOAOOHOE cHCTeMaM JOMalIHero OTOIJe-
HHSl, KOTOPO€ TEeNJOBOH HAacoC HOJXKeH 3aMeHHTb (CM. Takxe ri. 5).
OpHako B mpeZBHAMMOM GyaylieM Bo3pacTeT NpRMeHeHHe GoJjee TOH-
KOro ympaBJeHHsl, KoTopoe OyAeT YUHTHIBATH yCJOBHS BHYTPH H CHa-
PYXH 3XaHHS, H3MEHSIIOIHecs COOTBETCTBEHHO BPEMEHH roja H MecTy
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yCTaHOBKH. D10 6oJiblioe yA06CTBO IJs L EHTPaJJbHOrO OTOIJIeHus Gia-
rogaps noBbieHHI0 KOMdopTra H 3koHOMHYHOCTH. Ecin TennoBofi Ha-
€0C CMOXKEeT CTaTb KOHOMHYECKH KOHKYPEHTOCHOCOGHBIM, TO €r0 CH-
CTeMa YIpaBJeHHs] HOJIKHA GHTb He MeHee YHUBepCaJbHOH, 4TO BABOMH-
He BaXKHO B CB3H C JONOCJHHTEJNbHBIMU NapaMeTpaMH, KOTOpPble HLOJIXK-
HO YYMTHBAaTb yNpaBJieHHe TemaoBHM HacocoM, KOII remnoBoro Haco-
Ca 3aBHCHT OT MHOXecTBa (akTOpoB, HO IVIaBHHIH U3 HHX — 3TO TeM-
nepaTypa HCNapeHHs M KOHAeHcaluH. Temnepatypa HcnapeHHs, Kax
NpaBHJIO, NOJKHA cJeJ0BaTh 3a TeMIlepaTypoli OKpyXamwlllelt cpeabl
HJIH TeMIepaTypoil HCTOYHHMKA TeIja, 4ToGhl TEMJIOBOH Hacoc HmoMoral
H3BJIEKATb MAKCHMAaJbHYIO BHITOAY B pe3ysbTaTe CMSYeHHs! NOTOIXHBIX
ycaoBuil. D10 AOCTHraeTcst Pa3HBIMH CPEACTBAMH, HO IJs BCeX HX
BaXKHO, 4TOOBI HCMAPHTEJNb GbIJ LOCTATOYHO GOJBIIHM H cO34aBal Ma-
JYIO Da3HHIY TeMIepaTyp MeXIY HCTOYHHKOM Tellsia H XJIalL0areHTOM.

Pacxox XKHAKOCTH B HCIIapHTese PEryJupyeTcss gpocceseM. TepMmo-
CTaTHYECKHI KJaNlaH B Apoccese, LIHPOKO PAacIpPOCTPAHEHHHH B ycTa-
HOBKAaxX CPeJHHX pasMepoB, NOJJEepPXKHBAaeT INOCTOSHHOH TeMIepaTypy
neperpeToro napa Ha BXOJe B KOMIIPeccop, HO 3TO JaeT JHIIb KOCBEH-
HOe ynpaBJjeHHe (akTHyeckofl TemnepaTypoll ucnapenus. OdeHb MeJ-
KHe YCTQHOBKH HJIH NPOCTHE YCTAHOBKH C IIOCTOSSHHON TeMIepaTypoi
(oxsrazuTeNH BOABI) HCHOJNB3YIOT GHKCHPOBAHHOE APOCCENbHOE COIPO-
THBJICHHE, HalpHMep KalmuIsAp. XOTsS TaKHe YCTAHOBKHM HAaJeXHH H
HEJIOPOTH, OHH COBepUIeHHO HENPUTOLHH JJs paGoTH B YCJIOBHUSX mepe-
MEHHHX TeMInepaTyp H NpPOH3BOAMTEJNbHOCTeH. JIpoccesbHHEI KJanaH
MOXKHO c/leJ1aTh yNpaBjseMbM OT XaBJeHHs, 9TOGH NOJACPIKUBATL NIO-
CTOSIHHOE JlaBJieHHe B HcnmapHtese. OYeBHJHO, H 3TO pellileHHEe HeIpH-
FORHO NPH H3MEHSIOLUXCS TeMIIepaTypax HCTOYHHKA Tela.

B ncnapurene ¢ xnafoareHToM CHapy»XH TPyGOK MOXKHO HCIIOJB30-
BaTh MONJIaBKOBHH PeryJasiTop HM3Koro AaBJjieHust. OH npocTo mojnep-
JKHBaeT MOCTOSTHHOE 3allOJIHEeHHEe HCIapuTess KHAKHM XJIaf0areHToM
IPH TeMIepaType M [aBJeHHH, COOTBETCTBYIOIIHX HCTOYHHKY TemJa.
STOT NPHHIHI NPHMEHsIeTCs He OYeHb WIHPOKO, MOTOMY 4TO TaKHe HC-
HNapHTeJH NPUrCAHBL JIMIIb AJIS KPYIHBIX CHCTEM.

MoXHO NMpUMeHSITh MONJIABKOBHI PEryJsiTop Ha CTOPOHE BBLICOKOTO
JlaBJieHHusl, MOJAAEPIKUBAsA IOCTOSHHEIN YPOBEHb XHAKOCTH B pe3epByape
NOJ KOHAEHCaTOpoM. DTO TO3BOJSIET KOHIEHCAaTOpy Becerija paGoTaThb
3 derTHBHO Ge3 HepenOSHEHUS ero XHUAKOCThIO, TaK YTO NPOH3BOIH-
TeJbHOCTb CHCTEMBI IIpH 3TOM IHKTyeTcss HAarpy3KOH Ha KOHJeHcaTop,
HJIH IOTpeGuTeseM Tela.

JI1o6oe u3 ynpaBJieHuil APOCCENbHBIM KJIaNaHOM NIPHTOAHO JJIsl Tell-
JIOBOTG Hacoca H BHOOp 3aBHCHT OT ouepefHocTH. TpebGoBanuit KIII,
CTOMMOCTH, HaJAeXHOCTH, XOJONMJIbHOH HJIH TEIJIOBOH MOILHOCTH.

Ocob6oe 3HayeHHe HMeeT KOHAEHCAIMs, TOCKOJIbKY OCHOBHOM CMBICJ
TEMJIOBOTO Hacoca — B cHaGKeHMH TemyoM. BooGuie roBops, reMnepa-
TYPa KOHIEHCAaIHH OIpelessieTcs TeMIepaTypodl cpeibl, OTBOAAUICH
Tens10 (BOSAYX WJM BOXA), PacXOAOM XJafoareHTa W pasMepoM KOH-
Aencatopa. IToce Toro Kax pasMepsl BHGPaHbl, MOXKHO BJIHSATH TOJbKO
Ha MOTOKH XJaJ0areHTa H TemJoHOcHTessi. B BOASHON cHCcTeMe JoMalll-
Hero OTOIJIEHHSI BOJA MOKeT I10/jaBaTbCsl, HANlpUMep, NIPH TeMIiepaType
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65 n orBoautbest nipu 55°C. B Gosee Temuibifi AeHb gottyctima Gosee
HM3Kasl TeMIepaTypa noxaBaeMoii Boanl (55 °C) u o6partuoit (45°C). Ta-
KHe peXHMBI NepeMexxaloTcs ¢ paboroit npH 6ojee BHCOKOH Temnepa-
type. [ToBriieHHe pacxoja BOABl NMO3BOJISIET B NEPBOM CJlydae OrpaHHu-
YUTbCS TEMIEpaTypoit TNojaBaeMoll Boiawl 62 u o6partHoit 58 °C, 4t0
TaKKe CHHXKAeT TeMNepaTypy KOHACHCAIHH.

Pacxox xJajoareHTa peryaupyercss komnpeccopoM. Komnpeccopu
BbITECHHTEJNBHOTO JAefcTBHS (pOTAlHOHHBIE, NMOPIUHEBHIE), pETyJHpY-
I0TCS M3MEeHeHHeM CKOPOCTH, YTO JaeT NMpOcToe NPONOPUUHOHANbHOE YII-
paBseHue. PerynnpoBaHHe NPOH3BOJHTENBHOCTH OCYIeCTBJsSIeTCHE OT-
KJ0YeHHEeM OJHOIO HJH HeCKOJbKHX IMJHMH/POB IOPLIHEBEIX KOMIIpec-
COpOB, @ y BHHTOBHIX KOMIIPECCODOB — H3MeHeHHeM INIPOXOAHOTO ceye-
Husl Ha Bxoze. lleHTpoGeXHHH KOMMpeccop He PEryJHPYyeTcss H3MeHe-
HHEM CKODOCTH, €ro IPOH3BOIHTEJIbHOCTh MEHSETCs ¢ IMOMOUIBIO MOBO-
POTHBIX JIOTIATOK HA BXOJeE.

Cnoco6HOCTb TENnJ0BOr0 Hacoca peryJHpoOBaTh IPOU3BOJHTEILHOCTD
u paboTaTh NPH YacTHYHOH HArpyske noBomaeT 3¢p¢exkTHBHOCTL Tel-
JOCHaGKeHHs 3a CYeT HECKOJbKHX (akrtopoB. HckaioyaloTes moTepH
H3-332 H3GHITOUHOTO OTOIVIEHHS, @ Pa3HOCTH TeMIepaTyp B TeIIOOGMeH-
HUKax TOAJepKHBAIOTCA Ha MHHHMAaJbHOM YDOBHE yMeHbIIEHHEM pac-
xona rtemyoHocuTesell. Oqno U3 ucceaenoBanuit B CIIA [11] nokasaio,
41O NpH 3TOM jocturaercs 30% -Hast 5KOHOMHUS N0 CPaBHEHHIO ¢ OGHIY-
HHIM HeperyJHpyeMHM TeIIOBHIM HacocoM 32 cUeT NMPHMeHEeHHs YJyu-
IHeHHON CHCTEMH YNpaBJIeHHs.

ITpu HexoTophx HeGaarompusiTHHX ycaosuax KIID remsnosoro Ha-
€oca MOXeT ynacTb HHXe, YeM y OOBYHOH KOTeJbHOH. 3TO MOXKET Cay-
YHTbCSA, HallpUMep, B TEIVIOBOM Hacoce, HCIOJNb3YIOMIEM OKDYKAIOMIU
BO3JyX BO BpeMs OYeHb XOJOXHOH Noroibl. B 3THX ciydasx TENIoOBOMH
Hacoc JOMOJHAETCS HENOCPeJCTBEHHbIM OrHEBHIM HarpeBoM. AGcop6-
HMOHHBIA UHKJ OCOOEHHO JIErKO IPHCHOCOGHTH K TIPSIMOMY HarpeBy,
TaK KaK OH BKJIOYaeT OOJbIINe TOpeJKH HJIH HarpeBaTeJbHHE 3Jjie-
MEHTHI.

KpoMe omucanHHIX CIHOCOGOB peryupoBaHusi mokasartefeii HeoGxo-
A¥MO 3aIMUTHTb TEMJOBOH HAacOC OT MeXaHHYECKHX pa3pylueHHH, BH-
3BaHHBIX HeGJIArONPUATHBIMH YCJOBHSIMH PabOTH, ¢ NMOMOIUIbIO Nepe-
rPy304YHHIX BHIKJIIOYATeNeH WM orpaHuuuTedell. Huxe nepeuucsedst
NPHYHHB BO3MOXKHBIX IT0JIOMOK:

Bhicokoe AaBieHHe HA BHXOAE . . . PaapyllleHne KOHCTPYKUHH

Bricokasi Temmepatypa Ha BHXOfe . . KopposHs KjalaHoB, pasio-
XKeHHe XJaJ0aresToB

BHcokoe papjeHue Ha BXoge . . . . [lojoMka yHOpHOro MOAMHI-
HHKAa

Huskoe papnesne Ha BXoge . . . . IlomajanMe Bosayxa B CH-
CTeMy, HapylleHHe MacJo-
cHabXKeHHuda

Boabmast pasnocts pasnennfi . . . ,  Mexannueckas MONOMKa ABH-

XKylHXcs gacteft

3awuTa OT BceX 3THX (aKTOPOB He BCerZa Heo6XOAMMa, NMOCKOMLKY
OrpaHuYeHHe BHXOAHOTO AaBJeHHs IJs MHOTHX XJaJ0areHTOB HCKJII0-
YaeT PHCK MNOsIBJIeHHsI BBICOKOH TeMnepartypel H HaoGopor. B repme-
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THYHBIX KOMIIpeccopax HeT OCeBOro JaBJjieHHS Ha KOJIEHYATHH BaJ H,
cJaeA0BaTebHO, BXOAHOE AaBJICHHE Me€Hee KPDHTHYHO.

Ecau TenmyoBo#fl HACOC BOCCTAHABJAMBAET TEIJIO BOJSIHOTO HCTOYHHKA,
B KOTOpOM TIpeKpailaercss TeYeHHe, HCIapHTeJb MO2KeT NOKPLIThCH
JBAOM, 4YTO YCTpaHAeTCA INPHUMEHCHHEM CHrHaJIH3allHH pacxola HJH
TEMIIEPATYPHl C COOTBETCTBYIOLIHM OTKJ/JIOYEHHEM. 3aiuTa nyTeM OT-
KJIIOYEHHUS He Tpe6yeTc;1 AJIsT CHCTEM TOHKOTO yIIpaBJlIeHHs, B KOTODBIX
NpH NMOBBHIILCHHH AABJICHHA HJH TeMNOepaTyphl KOHACHCAIlHH YMECHbIIA-
€TCAA NMPOH3BOJHTEJIBHOCTL A0 Te€X NOp, IMOKAa nmpeﬁneﬂne TeIJla He
BO3pacTeT CHOBA.

3.8. ABCOPBLIMOHHbBIA LIMKN

KpoMme HeckoNbKHX KPAaTKHX 3aMeYaHHH BCe coAepKaHHe ITOH IJa-
BBl 10 CHX IOpP OTHOCHJIOCH K NapOKOMIpeCcHOHHOMY uukay. Hacros-
WIMH pasjen NMOCBSALEH JPYroMy IIHPOKO NPHMEHSEMOMY TeIIOHAcOC-
HOMY LHKJIYy — a6copbunonnomy. Lluka 6uis1 onucan B § 2.8, HO He06-
XoauMO GoJiee OAPOGHO PacCMOTPETh HEKOTOPHE OCHOBHBIE 3JIEeMEHTHL,

3.8.1. TEHEPATOP M PEKTMDUKATOP

s a6copbuuonnoro mukaa (puc. 3.26), HCmoOJb3YOUIETro ABe Jie-
Ty4yHe XKHIKOCTH (HampuMep, aMMHaK M BOJY), KJIOUEBHIM IIPOIECCOM
ABJSEeTC OTHeNeHHe XxJaajoarenta. I'eneparop mnpelcraBaser co6oi
AHCTH/JIMOHHYIO KOJIOHHY, KyJda NHTaHHe moctynaer oT abcopbepa,
a pedmiokc — or pektHbuKatopa. JHCTHMISIHOHHAS KOJOHHA yriy6-
JifleT pa3jiesieHHe N0 Mepe yBeJHYeHHS ee BHICOTH H yBesiHYeHHs ped-
aokca. OfgHako pocr pedJiokca ysednuyuBaeT norpebieHue Tellia H
JOJIKEH pPeryJHpoBaTbcsi B 3aBHCHMOCTH OT YCJOBHH paGoOTH IyTeM
H3MEHEeHHUs OXJIaXKAaloLlero NOToKa B pekTH(HUKATOpe.

B HexOTOpHIX yCTaHOBKaX peKTHOHKATOD 0XJIaXkKAaeTcss pacTBOPOM,
T. €. JKHAKOCTBIO, MOCTyNawomei 13 abcopbepa. ITO yMeHbIIaeT NMOTOK
TemJia, NPOXOAALINI Yepe3 XKHIKOCTHHIH TelJOOOMEHHHK, H , CJIeA0Ba-
TEJNbHO, He JaeT NoBHIIeHHs 3(dexTuBHOCTH. Bo3MoxHB M Apyrue
yCIOXKHeHHsT KOHGUTypalnuK, B TOM YHCJIe TPeXXOJO0BOH TEMa006MeH-
HHK, B KOTOPOM TeIJIOOOMEH MeXAy KHAKOCTSIMH IIPOHCXOJIHT BHYTPH
KaMepsl pektudukatopa, mpHueM XOJOAHBIH NMOTOK OT abcopbepa oA-
HOBPEMEHHO OXJIaXKJAaeT HarpeTyIo XKUAKOCTb OT reHepaTopa.

Pasgnenenne KOMNOHEHTOB B KOJIOHHE TreHepaTopa IPOHCXOAHUT B
pe3y/ibraTe B3aHMOAEHCTBHS IOJHUMAIOLIErOCs Iapa, B KOTOPOM KOH-
IEHTPalHsl OJHOTO KOMIIOHEHTa BO3PACTaeT, CO CTeKalolledl XHAKO-
CTbIO, B KOTOPOH KOHLEHTPALHs 9TOr0 KOMMNOHEHTa yMeHbinaeTcs. s
9TOro mpouecca Heo6XOAHMBI GOJIbUIHE MOBEPXHOCTH, @ Pacxo] KOMIO-
HEHTOB J0JI2KeH GBIThb TLIATEeNbHO PAaCCUHTAH.

Bonee mpocToit Bo3MOXKHOCTBIO IBJSIETCS «aHAJNH3aTOD», B KOTOPOM
Ny3bipbKH Napa 6ap6OTHPYIOT CKBO3b 3aMOJIHEHHYIO XKHIKOCTBIO KO-
JIOHHY C TeperopojKaMu AJs yJaydileHust cMelleHus: (puc. 3.27).

. ITockonbKy KOHIEeHTPHPOBaHHBII pPAacTBOP aMMHaKa HMeeT MeHb-
ZIYI0 TIOTHOCTb, YeM BOJa, IPafiHeHT KOHUEHTPAIUH B XKHJIKOCTH OCTa-
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eTcst cTabGUMJIBHEIM, H MOAHMMAIOUIHICS Map MO3BOJseT B ONpeleleHHOH
CTeMeHH peasnn3oBaTh pasnedenye. OCHOBHEIM HEJOCTATKOM aHAJHM3a-
TOpa sIBJsieTCs OTHOCHTENBbHO MaJjas IVIOMIaAb NMOBePXHOCTH MJIs Mac-
coobMeHa.
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Puc. 3.26. Cxema aGcop6GUHOHHOrO TEIJIOBOIO HAcoca C HCIIOJb30BAHHEM TelJla OKpY-
Xawllero Bo3xyxa.

1 — ropeaka; 2 — reHepaTop; 3 — PeKTHOHKATOP; 4 — MKHAKOCTHHIf TENNOOGMERHHK; &5 — KOHHIEH-
caTop; 6 — Hacoc; 7 — a6copbep; § — BOAAHAA CETh; 9§ — NOTOK BO3AYyXa; [0 — Hcmaputenb,

Puc. 3.27. CxeMa ny3blpbKOBOrO paspieHTeIs.

! — nogHuMaloUHeCsT MYSHIPbKH Napa; 2 — Map K KOHAEHCAaTOPY; 3 — NePeropofikd; 4 — NOXBOA
JKHAKOCTH; § — OTBOA pacTBOpa.

3.8.2. ABCOPBEP

AGcop6ep urpaer poJsb, IPOTHBOINOJOXKHYIO reHeparopy. I1py uusz-
KHX JaBJeHHAX [Iap CMeINHBaeTcs C XXHAKOCTbIO, YTO NPOHCXOJHT ¢
norjgoiieHneM Temiaa, Ha puc. 3.28 mokasaHbl BO3MOXKHHE CXeMH a0-
cop6epoB.

OtMeTuM, uTo a6copOLUUsT MOXKeT NPOHCXOJHTh KaK BHYTDH, TaK H
CHapYXH OXJIaXXAaeMblX TPyGOK NMpPH NPAMOTOKe H NPOTHBOTOKe. B Jio-
6oM cJyyae 3aJaya KOHCTPYKTOPa COCTOMT B ofeclmeyeHHH XOCTaTOY-
HOl MOBEPXHOCTH XKHIAKOCTH /51 Maccoo6MeHa. C 3TOH 1eJsbl0 HEKOTO-
phle GUpPMBI NIPHMEHSIOT BHYTPCHHHe De6pa M Jaxke MeTasJHUECKHe
CHTA AJIS1 paclpeleseHust KUAKOCTH BHYTPH TPYO.

B nenom abcopbep uMeeT MeHblllee 3HadeHHe [Js YCTAHOBKH, d4eM
reHepaTop, NMOCKOJbKY pasjieslieHHe XKHJAKOCTeH ¢ B3aHMHHM CPOACT-
BOM — Oliepanusi TpyAHas, & cMelileHHe — OTHOCHTeJIBHO TIpocTad.
YMeHbllIeHHEe pasHHIb TeMIEPAaTyp MeXAYy XKHAKOCTBIO H OXJaxaaio-
mwei cpeloit 3lech BecbMa CYIIECTBEHHO, TaK KaK CHJIa HaCHILEHHOrO
pacrBOpa, nokujamwliero adcopbep, Bo3pacTaer C NOHHKEHHEM TeMNeE-
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. PaTyphl, 4TO B cBol0 ouepeis yBeauuuBaeT KII3. ITockosabky Temnepa-
TYpa OXJaXAaloliero NoToKa (HarpeBaeMble BO3AyX HJH BoJa) oOmpe-
neqsieTcsl mOTpeGuTesieM, eIHHCTBEHHBIH NMyTb CHUXKEHHA TeMIlepaTyph
pPACTBOpa COCTOHT B MOAJEPKaHHH MaJOfl PasHOCTH TeMIepaTyp.

7 13 d

L e
fe
Puc. 3.28. Cxemnl abcopGepos.

1 -~ OXNaXAeHHBAA BO3AYX; 2 ~— XKHUAKOCTh H3 reHepatopa; 8 — nmap H3 Hcnapurtend; 4 — KOHUEH-
TPHPOBaHHASA MKHAKOCThL K TeHepaTopy; 5 -— OXNaX[aiollas BOXa; 6 — map; 7 — KHAKOCTb; &8 —
cTpyS.

3.8.3. UCMTAPMTESb

Ucnaputesb B a6COpGHUOHHOM LIHKJE B MU3BECTHOM CMBICJie aHAJO-
rM4YeH HCHAPUTENIO B KOMIPECCHOHHOM HHKJe. B KOMIpPECCHOHHOM
I[HKJIe OCHOBHas npobJsieMa COCTOHT B IIPHCYTCTBHH MacJa, H KOHCTPYK-
LM QOJKHA YCTPAHHTb HAKOIJIEHHE Macjia Ha IOBEPXHOCTH Telico0-
MeHa. B abcopOuHOHHOM NuKJe NpobaeMy INpPEACTaBJASET PacTBOPH-
TeNb, KOTOPHH BXOAUT B HCNAPHTEsNb PACTBOPEHHBIM B XJaJoareHTe,
HMes CyLIeCTBeHHO GoJjiee HU3KYIO JeTyuecTb. IIpocToe pelrenne cocto-
UT B TOM, YTOGH ‘3apaHee pacCYHTHIBATb Ha NPOXOXKJAEHHE YACTH XJa-
JoareHTa yepe3 HCHaputenb Kk abcopbepy B xuukoi ¢ase. Ecaun moas
JKHIKOCTH BeJHKAa, 9TO MOXET NOBJHSATH HAa SHEPreTHYecKylo 3ddek-
THBHOCTb, HO HeDOJIblLIINe NOCTOSHHBIE TIPOTEUKH JKUAKOCTH MOLYT fIpe-
KOTBPATHTb HaKONJeHHe abGcopOeHTa, CHHIXKAIOLIEro JaBJieHHe HCIa-
peHus.

CaieficTBHEM CHUIKEHHMS HaBJieHHsS B HCllapuTese, a 3HAuYHT, U B ab-
copbepe, GyneT BEIXOJ HEAOCTATOYHO KOHLHEHTPHPOBAHHOH KHAKOCTH.
H3BecTHO mpensioxeHnHe NPHMEHSTb HeOOJBLION CTPYHHBI Hacoc AJs
NOBHIUIEHNS AaBJjieHUs MeXIy HcnapurtesjeM H aGcopbepom.

B He6osblnx aGcopOUHOHHBIX TEMJIOBBIX Hacocax TeNIOOOMEHHHKH
OOBIYHO BHINONHAIOTCS B BHAe TPyObl B TpybGe HJIH BHTHIX TPYOOK B KO-

: *kyxe. OOuiue pasMepnl oObIYHO 3HA-

1 YeHHA He€ HMeloT, TaK KakK MaJieHb-
rooz 3 KHe CHCTEMBbl yHaeTcsl BHIIOJHHTH J0-
SV WA CTAaTOYHO KOMNAKTHEIMH.
% L% Puc. 3.29. ImapapnuueckHii Hacoc aas a6-
COpOLHOHHOTO LHKJA.
1 — nopuwenb; 2 — Macno; 3 — auadparMa; 4 — o6-
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3.8.4. TMAPABNIMYECKMA HACOC

Hacoc anst XHAKOCTH — 3TO OAMH H3 OCHOBHBIX 3J€MEHTOB abcop6-
ILHOHHOTO HHKJA KakK MO CTOHMOCTH, TakK H IO HaJHYHIO ABHKYIIHUXCS
yacTefl, 4TO OmpejesseT HaleXHOcThb cHcTeMbl. Haubosee npuroausiM
I Tpe6yeMoro pexHma BLICOKOrO HaBJIEHHS H MaJloTOo pacxoia npex-
craBasercs JAHadparMeHHHI! Hacoc ¢ THAPaBJHUYecKOR mNepexpayef
(puc. 3.29). Ero mpeumyuiecTBa COCTOAT B TOM, YTO XJiaJ0areHT rep-
MEeTHYHO OTAeNeH Auadparmofi. T'HapaBauyeckass nepegaua BMECTO
MEeXaHHYECKOH INOBBHILIAET HaJEXKHOCTb palOThl MeXaHH3MOB IIPH BbICO-
KHX JaBJIeHHSIX H yMEHbIIaeT ONacHOCTb TeYH.

Fnasa 4

MPOBJIEMbl KOHCTPYUPOBAHMUA

4.1. BBEQEHME

B npenpiayileit raaBe paccMOTpeHbl Hau6oJjiee BaXKHble
KOHCTPYKLUHH TEIVIOBHIX HacocoB. HacTosulas riaBa mocBsILEHA HEKO-
TODHIM BCHOMOrAaTEJNbHBIM CHCTEMAaM, KOTODhle TEM He MeHee OYeHb
BaxHbl. MMenno 6sarofapsi pasBHTHIO 3THX CHCTEM TEIVIOBBIE HACOCH
TNOJYYHIH OYeHb HIHPOKOE NPH3HAHHE.

4.2. CMA3KA

CocTosinHe Macaa B TEIUIOBOM Hacoce yXKe pacCMaTpUBAaJOChL B
CBSI3H .C KOMIIpeccopaMu M rtemjoo6mennnkaMu. Ho 3mech oHo Gynmer
onvcaHo Goaee noapo6Ho. Hasnauenue macna COCTOHT B CMaske INOJA-
HIHIHHKOB KoMipeccopa. OXHOBPEMEHHO OHO BHINIOJHSIET €llie [Be
dyuxuun: o6pasyer VILUIOTHEHHe B BHITECHHTEJBHHIX KOMIIpeccopax H
cJlerka oxJaaxjaer nap.

CMaska NMOAUIHITHHKOB IIPOHCXOAHMT TOYHO TaK XK€, KAK B aBTOMO-
6uabHOM JBHraTele, nyteM obpasoBaHus B NMOAILIHIHHKAX THAPOJHHA-
MHYECKOH CMa30yHOH mieHKH. s THAPOAMHAMHYECKOH CMasKu HeoO-
XOAUMBl MOJaua MacJa onpefejeHHOH BA3KOCTH B NOJAIIHIHUK H OTHe-
JeHHe BaJja OT IOAIIHIIHHMKA MAacjsHoH NJIeHKOH, KOTOpas NoddepxH-
BaeTcsl 3a cyer Bpallenud. Ilomaya macna B NMOALIHIHHK IIPOHCXOAHT
NOJ AaBJIcHHEM MacJsTHOro Hacoca.

[ToAIMNHAK BLIXOZHT H3 CTPOS, €CJAHM Macjlo OKasblBaeTcs CJHLI-
KOM pa36aBJ/ieHHBIM XJaf0areHTOM H NO3TOMY IIOTEPSJIO BSSKOCTb HJH
eCJH B De3yJbTaTe KODPO3HH, CHHXKEHHsS [JaBJeHHs Ha BCaCbIBAHHH
wiay GJOKHDOBKH Mepectan pabortaTh MacasiHbiil Hacoc. Ilpu HOpMasb-
HBIX YCJAOBHSX CAeAyeT MOoAGHPATh MAcCJ0 ¢ AOCTAaTOYHOH BSASKOCTHIO,
JomycKaollleit 3HaunTenbHoe (1o 20%) pasGaBieHHe, NMOCKOJbKY HC-
KJIOUHTD KOHTAKT MEXAY XJIaf0areHTOM M MacjoMm HeBo3MoxHO. Ha
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‘puc. 4.1 mokasaHo, KaK BSI3KOCTb Macjia NnajaeTr ¢ POCTOM TeMIIepaTy-
pH. Poct paBneHns uJaH CHHXEHHe TEMIIePaTyphl NPHBOKHT K Bo3pac-
TaHHIO KOJHMYEeCTBa XJaJ0areHTa, PacTBOPEHHOTo B Macje (pHc. 4.2).
B xoMnpeccope XJaJ0areHT Bcerfa Neperper; ecyu JaBJIeHUe H TeMIle-
paTypa JOCTUTHYT JIMHHH HacHILIEHHS, TO XJaJOAareHT HaYHeT KOH/eH-
CHPOBAaThCA.

Pucysox 4.3 npeacrasaser coGofi KomOuHamuio puc. 4.1 u 4.2.
Ilpu a06oM 3aJaHHOM AaBJjeHuH, GHKCHPOBAHHOM YCJoBHAMH pabo-
Thl CHCTEMBl, MAKCHMaJIbHas BA3KOCTb MOXKeT OBITb LOCTHTHYTa NYTEM
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Puc. 4.1. 3aencuMoctb BsiskoctH (cCm)  Puc. 4.2. 3aBHCHMOCTb PacTBOPHMO-
Macja oT pacTBopeHHst (% Ino macce) H  crH xJajoaredta Rll B Macae or
TeMIepaTypH. TeMIepaTypH H AaBJAEHHS.

BN

peryJuposanus TeMNepaTrypbl KOMIIpeccopa, YTO MOXeT noTpe6oBaTh
OXJaXJIeHUs HJH Harpesa. B xoMmnpeccopax 4acTo HCIOJB3VIOT 3JeK-
TPHYECKHMH HarpeBaTeJbHBIH 3JIeMEHT, OCOOEHHO IPH HX OCTAHOBKE.
JLas oxnaxkaeHus KoMmIpeccopa IPHMEHSIOT M0Jauy XJAaf0areHTa.
CMemieHne xJafoareHTa ¢ MacjJoM He BcerJa IPOHCXOAHT IIpH
JaBJIeHHH BcachlBaHHSA. B HeKOTODHIX BHHTOBHIX KOMIIpeccopax OHH
CMelHBaloTC Ha BuIxofe. IloBHIIeHHe AaBJeHNs YBEJIHYHBAET CKIOH-
HOCTb XJaj0areHTa K KOHAEeHCallhH, a NMOBHIUEHHe TeMIepaTypsl Aaer
. o6parubiil addekT, H 06a BAHSAHHSA B3auUMHO yHHYTOXKalTCA. [Tockoub-
KY B pacTBope MoxXeT OBITb JOBOJbHO O0JbLIOH o0beM XJaajoareHra,
H3MeHeHHe NaBJIeHHS B CHCTeMe, 0COGEHHO NPH peBepce NMKJAA JJs
Zedpoctanun (cM. § 4.5), Moxer BbI3BaTh GBICTPOe BCKHNaHHe XJaJ0-
areHTa u BCIeHHBaHHe MacJsa. lis npeloTBpallleHHs BCICHHBAHUA B
Macjo oOBYHO J06aBJASIOT aHTHBCIEeHHBaloUMe No6aBkH. Macio scer-
Ja NPUCYTCTBYET IIPH CXKATHH XJafoareHta, HO ero KOJHYeCTBO B pas-
HHIX KOMIIpeccopax CHJbHO pasjauyaercd. MHHHMAJbHOE COAepKa-
HHE — B LEHTPOGEXKHBIX M APYIHX CYXHX KOMIIPECCOpPax, PeAKO IpH-
MeHsIeMbIX IJ1Sl TEeIVIOBHX HaCOCOB; OHO COCTABJIsSieT HECKOJbKO YaCTHL,
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Ha MHJUIHOH, KOTOPHIE MONAJH B pe3yJibTaTte yTeyeK 4epes ymjaoTHeHHE
Bana. Ux BiusHue nmpeneGpexumo Mano. MakcumanbHoe conepxa-
HAE — Yy MAaCJIOHANONHEHHBIX BHHTOBBIX HJHM DPOTAHOHHHIX KOMIpec-
' copoB. Macio foMXHO GhITh NOAAHO B KOMIIPECCOP, OTHAENEHO MOC/e
KoMIpeccopa u oxaaxaeHo. [ToMuMo oxaaxaeHus Maciaom xJjagoareH-
Ta AJiS NpefOTBPAIUEHHS YPE3MEPHOTO NOBHILEHHS TeMIepaTyphsl oc-
HOBHAsl 3ajiaya Macla COCTOUT B 00Pa30BaHHH YIJIOTHEHHS BOKPYL
ABHXYHIHXCS Yacrel, IO3TOMY MacJOHAIOJHEHHble BHHTOBhE KOMIpeEC-
COpBI RAIOT 3HAYHTENbHO OosiblIHe [aBJEHHs, YeM cyxue. BHHTOBOII
KOMHpeccop uMeeT CJI0XKHYIO (opmy,

OH OCOGEHHO YYBCTBHTEJEH K MOTEPAM X
. 4epe3 MaJisle 3a30PE. Mac/sHHA BHE- om0l N
TOBOH  KOMIIpeccop He HyXKAaercs wr \ 4

B MACJASHOM YIJIOTHEHHH, YTO I03BO- 7p7 ND% N
JFeT YAYYIUHTh pasMelleHue NOAIHI-  ,,| \¥ N
HHKOB H CAeJaTb Gosiee KOMNAKTHOH N0 N\ —N\A
KOHCTPYKUHIO. PoTanuMoHHHIE KOMI- ” N\ \‘ 100"\
peccop MeHee YYBCTBHTEJIEH K IPOO- N 4 > N
JieMe CMa3KH, 5 '\ =

[TopuiHeBbie KOMIIPECCOPH 10 KOH- : N
UEHTpayuH Macja HaxoAATCs B Ipo- i i

0

MEXKYTOUHOM  TOJIONEHHH, Mexay /- ; v P

HeHTPOOeKHBIMH H BHHTOBHIMH. Mac-
JO mnonajaer uepe3 KoJeHYaTbli BaJ  Puc. 4.3. 3aBHCHMOCTb BR3KOCTH
Ha CTeHKH LHJHHApPA H CHHXKaeT HX Macla OT COAEpXKAHHY XJAafo-
H3HOC NMOPIUIHEBHIMH KoJblaMH. YacTb fx;e:;: ;xagng::garypu ¢ H3074-
Macja nonajgaer B KaMepy CXKaTHs
u BbIOpaceiBaeTcd BMeCTe C XJazjo-
areHToM. Macsio He ABJsieTcs CYyIIECTBEHHHIM YYAacCTHHKOM IIponecca
CXKaTHsl, ero KOHUEHTPalHs Olpele/sieTci KOMIPOMHCCOM MeXAY
Ype3MepHHIM ROTpelJieHHeM Mac/ja H BBHICOKMM H3HOCOM LHMJIMHADA.

Macso nonazaer B HarpeTHfi ra3 B KaMepe CXaTHs B BHIe TyMa-
Ha. Ero koauuectBo (CHABHO) 3aBHCHT OT pabounx YCJAOBHH, HO B
MOPILIHEBBIX KOMIIPECCOpax OHO NPHUCYTCTBYeT Bceraa. Eciau Macia mo-
Hajaer CJIMIIKOM MHOTO, TO Ha BHIXOJe H3 KOMIIpeccopa YCTaHaBJHBa-
eTcs cenaparop. Macno moaBsepraercs cepbe3Hoil ONACHOCTH PasJio-
JKeHHs. BHIXJIONHOR KaanaH — 310 HauGoJiee ropsAyas 4acTh TelJOBOrO
Hacoca, BHIMYCKaimollas meperperhlt map ¢ 6osbmoil ckopocrbio. Me-
TaAJuyecKas IIOBEPXHOCTb KJamaHa Mrpaer poJb KaTajJu3aTtopa B pas-
JIOXKEHHHM MacJia, YTO IPUBOAMT K 06pa30BaHUIO YeDHOT'O OCajKa Ha
MeTaJie, YCKOPSIONIEro pasJsoXeHHe. Uepes HekoTopoe Bpemsi HacTy-
naer paspylileHHe, MOTOMY MacJO IPOBepseTcs Ha CTOHKOCTb K pas-
JIOXKEHHIO He TOJNbKO NPH HeoOXOAHUMOH TeMIeparype, HO TakK¥ke H B
KOHT2KTe C XJaJ0areHromM H o0pasiaMH MeTa/JIOB, HCIOJb30BAHHBIX
B KOHCTPYKIHH. i

Bricokas TemnepaTtypa B KOHAEHCATOPe CIIOCOGCTBYET TOMY, 4TO
BCE MacjJOo pAacTBOPSeTCA B XJaJoareHTe W NMPOXOAHT K HCIapUTeIIo.
IIpu HH3KOH TeMmMmepaType Macjo H XJaJA0aleHT MOTYT Pa3fesHThCH,
0coGeHHO B HCNapHTeJe ¢ XJaJ0areHTOM CHapyXH TpyGok. 1o mpo-
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HCXOAMT He IIPH Bcex pelRUMax pabGoTel TeMJIOBBIX HAcOCOB. THIHYHEBIE
YCJIOBHS CMelleHHMsl WM DasfesieHHs Macja M XJajoareHTa NOKa3aHH
Ha pHc. 4.4.

Hcnapureas ¢ xJaf0areHToM BHYTPH préox pPAaCCUHTHIBAETCH TaK,
9T06bI CKOpOCTb xJajoarenra ObLIa JOCTAaTOYHOH HJIs COXPAaHEHHH CO-
CTOSIHHS MacJja B BHIE TyMaHa, HelpepHB-
HO BO3BpalaeMoro B koMmpeccop. Ha Bca-
CHIBAHHH KOMIIpeccopa OOBIYHO YCTaHAaBJH-
BalOT pa3jiHyHble QHJIBTPBI HJAH cenaparo-
N pBl Macja, uTo6bl NPH CHHUXKEHUH CKOPOCTH
GoJibllive Kalju Macja Nonajajd B OTCTOH-
HHK, a He 3acachlBajHCh Yepe3 KJanaHh
% 7% 7 CHOBa B WHJIHHAD.

Macno, % no Wacee Ecnn B ucmapurene xsaajfoareHT Haxo-
IHTCS CHapyxku TpyGox (puc. 4.5), To npe-
JycMaTpHBaeTcs BO3BpaT MacJja uyepes Jpe-
HaXKHyI0 cucteMy. B atoMm cayuae npefno-
Jgaraetcs, YyTo MacjJ0 caMO CcellapUPYeTCs H HEePHUOJHYECKH CJHBaeT-
csl, a B OYCHb KPYNMHEIX CHCTEMax BO3BpaT MacJja B CHCTEMY OCYIIECTB-
JISETCS] HacOCOM.

7% cmecs
~70

~20

Puc. 4.4. Tpannua pasgene-
HHSl Macjia H XJIajoareHra.

I__/-E =
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Pruc. 4.5. CxeMa HcnapHTeasi ¢ XJaZ0areHTOM CHApYXH TpyGOK.

1 -—-Apoccem:ubm KJlallaH; 2 — BCacblBaHHe; 3 — KHIeHHe XJafloaréHTa Ha BHellHefl MOBEPXHOCTH
TPyGOK; 4 — BBIXOJ OXJaXHaeMojt BOXBl H3 'rpy6ox 5 — caus Macua.

Hanexuocrs TenJoBoro Hacoca B BBICOKOH CTENEeHH 3aBHCHT OT
npaBWIbHOrO NMoafopa H HCHoOAb30BaHMA Mmacaa. Ilosejenue Macia
caelyer NPHHHMATb BO BHHMaHHe B JIOOG0M 3JieMeHTe YCTaHOBKH.

4.3. lYM

HeGaaronpustuuit 3bdexT, okasniBaeMbli JOMaluHHUM HJAH IPO-
MBHIIJIEHHBIM HIYMOM, 0cOGeHHO B HAacCeJeHHBIX paHoHax, MOBBIILIAeT
BHHMAHHE K IIYMOBBIM XapakTePHCTHKaM HOBOro OGODYHOBAHHS, 0CO-
SenHo AasA AoMaliHero ynorpebiaenus. Ilbiecockl, MYCOPONpPOBOAHL,
CTHDAJIbHBIE MAILIMHbI, KYXOHHBIE CMECHTENH CO34al0T 3aMETHHIHl LIVM,
HO ¢ HUM motpeburenap npumupsiercs. OxHaxo CHCTeMB! OTOINIEHHS
JOJKHBE paBoTaTh HENPEePHIBHO, AHEM M HOUBIO, IO3TOMY Tpebyercs
MeHbUIMH YPOBeHb LIYMa, XOTs OH M Pelko aocturaercd. IlpHuuna co-
CTOHMT B TOM, yTO HauboJiee BaXHLHIM (aKTOPOM sABJseTCS lLieHa YCTPOH-
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CTBa, a4 LIYM MeHee BaXeH, UeM LeHA, BHENIHUH BUJ H, B clydae TelJo-
BOrO Hacoca, 3HepreTuueckas 3¢p¢eKTHBHOCTD.

Ipenenpubiit ypoBeH» WIyMa, HAa KOTOPHIA KOHCTPYKTOD JNOJIKEH
PacCYUTHIBATL YCTPOHCTBO, 3aBUCHT OT BHI3BIBAEMOrO HM pa3apaxe-
uua. Pasgpaxenne — ouenp CyObeKTHBHHH (aKTop, 3aBHCSIIHE OT
MHOrHX of0cTosiTeabcTB. Bo Bpems paGoTH JiIOAX MOCYT JONYCKAaTh
GoJbLINi YpOBeHb LIYMa, YyeM BO BpeMs OTAbIXa. BpeMs myMma Takxe
HMeeT 3HaYeHHe KaK B CMBIC/IE NMPOJO/IXKHTENbHOCTH, TAK U BPEMEHH
CYTOK.

OueBupiHo, YTO B NPOMHIULIEHHOH OGCTAHOBKE CHTYalHs 3HaYu-
TeJbHO INpoile. 3AeCh ClAeAYeT HCKAIOUHTH TOJBLKO UPEe3MEPHO I'POMKHM
HIYyM H aKyCTHYeCKHe paspywenus. HaubGosee TpyaHas cHTyauus
BO3HHKAeT NIPH AOMAlllHeM APHMEHEHHH TEIJIOBOTO Hacoca INPH BHICO-
KOH IUIOTHOCTH HaceJeHHS, TAe pasipakeHue y cocena Moxer OHITH
6oJsibllle, yeM Y BJAaAebLA.

Bpurauckuit craugaprt [1] ocHoBEIBaeTcss Ha pasHume Mexay cylle-
CTBYIOLIUM HIYMOBBIM (JOHOM M YpOBHeM lIyMa, BRI3EIBAIOHIMM pasipa-
xenue. [TpenensHot cyutaercs pasuuua B 5 n1b. Pasnuna s 10 1b
BH3BIBaeT kKano6bl. Ecou mymoBoit Gon Heu3BecTeH, TpefesoM CUH-
taercs 50 1B (cHapyxH), Ho OH KOppeKTHpyeTcAa ¢ yuyetoM (akropa
BO3MOXHOTO pasfpaxKeHHs, a TaKXKe NPHPOABI H JJUTEJBHOCTH LIyMa.
BHYTpH moMellleHHsi NIpHeMJeMBIM ypoBHeM IuyMa cuurtalotcs 30 ab
Anasi cnanbiu M 35 ob ans xmuavix komuar [2]. DT 3HaueHus KOppek-
THPYIOT NONIPaBKaMH, NPHUBEAEeHHEMH HHXKe (AD), a 3aTeM mpHMeHSIOT
BMecTe ¢ Kpurepusamu pasuoctd 5 u 10 1b ynmomaunyrtoro Bpuranckoro
cTaHaapra:

UucToli, SBHO OLYTHMHE TOH .o .. . . . . —b
VIMnyabCHHA HJAH NepeMeXalolmuics myM . . . . . . —b
Wym Toapko B paboyee BpeMt . . . . . . . . . b
Illym B TeyeHHe Bpemeﬂn cy'rox %:
5 .o . +5
6 . +10
5 . . . . ... . ... .. L+15
05 . . . . . L L L. .. ... L F2
or . . . . . . . L. . . . . . .42
0,02 . e e e 1-30
Ouenb THXHH npuropozmbm panou e . . . . . . —b
Ilpuropoaum# pakton . . . . . . e 0
)Kunagt gyactrb ropoga . . . . . . . . . . . . -+b
Topox BGaH3W npefmpuatad . . . . . . . . . . +l10
30Ha THXKeJAOR HPOMBILNIEHHOCTH . . . . . . . . .18

Onucannniii o6muit NOAXOA K NpobJeMaM LIyMa ¥ HEKOTOpHe 1Hud-
pH CayxaT JHLIb JJIS OPHEHTHPOBKH B HauboJlee BaXKHOH 06acTH —
yerpaHenus pomamHero wyma. CnpaBoyruk no mymawm [3] maer moa-
po6HYI0 HHbDOPMAUMIO 1O 3TOMY Bompocy. KOHCTPYKTODH  TelJOBHIX
HacocoB HMAYT IO ABYM HamnpaBJeHUAM: JHOO CO34aBaTh HX HACTOJBKO
THXUMH, HaCKOJIbKO 3TO BO3MOXHO, JHOO He NpeBHIIATh YPOBHS LIyMa
CHCTeM JAOMalIHEero IEHTPAJbHOTO OTOIVIEHHS, UYTO MpefCTABISETCS
6oJiee peasIuCTHYHBIM.
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4.3.1. WWYM BEHTHNATOPOB

IloMauiHHe TemJoOBHe HAacOCH, HCMOJb3YIOLlHe TeNm0 OKpyXkalolle-
ro BO3AYyXa, BHINOJHAITCSA ¢ HCMapHTedeM H BEHTHAATOPOM, CMOHTHPO-
BaHHHMH cHapyxHu 3aanus. lllym cospaercs npu nporekaHuH Bo3ayxa
KaK B CaMOM BEHTHJATOPE, TAK H B TeNJIOOGMEHHHKeE.

BeHTHIATOPH Je/NATCA Ha OCeBhle H LEHTPoGeXHble, KOTOpHE HMe-
IOT JIOMATKH, 3arHYThie Beped HJAH Ha3al. JI060i H3 HHX MoXeT GHITBH
HCMOJIb30BaH B TEMJIOBOM Hacoce, BHIGOp onpejessieTcssi pa3MepaMH H
TpeGyembiM AaBiaeHHeM. OceBoit BeHTHasTOp (pHC. 4.6) HMeer HaH-
6osblLIHEe pasMephl, HO OH 3a4acTylio GoJee yA06EH, IOTOMY YTO MOXET
6HITL yCTaHOBJEH BHYTpH mpsMoro kaHajna. OH npumeHsiercs TaM,

Puc. 4.6. OceBoit BeHTH- Puc. 4.7. Poropnl uenTpoGexxnoro BeHTHAATOPA.
AATOP.

rjle HYXKHO HeBBICOKOe JaBJieHHe, H MOXeT GHITb OJHOCTYNEHYATHIM
HIH (Ans GoJiee KPYNHBIX YCTAHOBOK) MHOTrocTyneHuaThiM. [yis oueHn
HH3KHX JaBJIeHHH OH Has3blBaeTcsl NpomesjiepHHEIM BeHTHAsTOpoM. Oce-
BOH H ULEeHTPOOEXKHBH BEHTHJASTOPH ONHHAKOBOH NMpPOH3BOAHTENbHOCTH
CO31aI0T OHHAKOBHIA YPOBEHb IIYMa, HO OT ILYMa OCEBOI'O Jierye H3-
6aBHTbCH, TaK KaK GoJbllasi OKPYXKHasf CKOPOCTh MOBHILAET BKJAaN
BBICOKHX 4YacTOT, a 3JIeKTPOMOTOP MNOJHOCTbIO 3aRJIOYeH BHYTPH BO3-
AyxonpoBoja. Jlasi BO3AYIIHKHX NMOTOKOB C MaJIOH CKOPOCTbIO H MaJsibiM
TpebyeMBIM JaBJIeHHeM Yallle BCero NMPHMeHSeTCS OCEBOH BEHTHJASTOP.
Ha puc. 4.7 nokasaunl poTopnl UEHTPOGEXHHIX BEHTHJASTOPOB, B
OJHOM JIONATKH 3arHyTH BHepef, B APYroM — Hasaj; OHH MOryT OHITb
TaKXe H pajHaJbHHIMH. BEeHTHAATOD ¢ 3arHYTHMH Brepes JIOMaTKaMH
60/ee KOMNakTeH H TpebyeT MeHbllel OKPYXKHOH CKOPOCTH, HO YBeJH-
yeHHe Pacxola yepe3 Hero BeleT K Meperpyske ajaekrpomotopa, Uucio
JonaTtok y Hero 6oablie, H 4acTOTH CO3JaBaeMOro 1WyMa BHILe, TO3TO-
MY HX Jierye ycTpaHHTb. B coyeraHHH ¢ GoJiee HH3KOH OKpPYXKHOH CKO-
pPOCTBI0O H KOMMAKTHOCTHIO TAaKOH BEHTHJISATOP NPEACTaBJseT HHTepec
IJIS KOHAeHcaTopa, riae Tpebyercss 3aMeTHHH mepenaj AaBJeHHH, BH-
SHBaIOLIHHA MHPKYJASALHIO BO3lyXa BHYTPH KOMHATH HJH J0Ma.
LlenTpo6eXHBIi BEHTHJSATOP ¢ 3arHYTHIMH Hasaj JonaTkamu GoJiee
NMpHrofeH AJs oOlLlecTBEHHHX 3AaHHH, rae Tpebyercss Goabllasi MOIL-
HOCTb, @ IDYM He TaK BaXKeH, KaK B XHJAHX aoMax. [lag Bcex mpuJjo-
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mennﬁ OCHOBHBEIM CpPeACTBOM CHHXKEHHSA II.IYMa- ﬂBﬂﬂeTCﬂ CHHMeHHe,
HACKOJILKO 3TO BO3MOXKHO, CKOPOCTH Jaxe LEHOH YBeJHYEHHA pa3sme-
poB. XOpoLHii NpHMep MaJOWIYMHOr0 BEHTHJAATOpA METPOINOJIHTEHA B

Hblokacae nokasau Ha puc. 4.8.

4.3.2. CHCTEMA TENNOCHABXEHMSA

QdakTHYECKH NPH HAJHYHH JOMALIHHX TEIVIOBHIX ceTeil TenJ0BOH
HacoCc He JAOJIZKEH O6bITH OoJiee HIYMHBIM, 4YeM oOBIYHAA CcHCTEMA I eH-
TpaJabHOTO OTOIIJIEHHAA. BOSJI.YIIIHHE KaHaJibl, BOASHBIE pa.lma'ropu HJIH
BOASAHBIE NMaHeJNH IOoJA MOJOM OJHHAKOBO HDHI‘O,ILHH KakK nJisg TenJoBoro
Hacoca, TaK M AJs oObluHOro oromieHHs. IIpu Bo3aylIHOM OTOMJIEHHH

Puc. 4.8. OceBoft BeHTHIATOP AJA METPONOJHTEHA.

BO3HHKaeT LIYM He TOJBKO OT BEHTHJAATOPA, HO H OT MECTHHIX COMNpO-
THBJIEHHH, TaKHX KaK pelleTKH, YIVIBl, COeIHHEHHS, U3MEHeHHs céye-
Hus. Bo3pyuinble KaHaJbl TakXke CO3/al0T NMPo6JeMbl B CBSA3H C 3aTPYA-
HEeHHSIMH 3BYKOBOH M30JAIHH, OTYEro IIYM PacOpoCTPaHAETCS M3 Of-
HOM KOMHATHl B APYIYI0 HJH IONajaer CHapyXH 3faHus. B npsamom
KaHajle IWIYM CHHXXaeTcsl CaMOINPOH3BOJIBHO, HO TJIyIIEHHEe MOMXHO YCH-
JIUTh C NMOMOLILBIO GOJBIIHX MOBEPXHOCTEH 3BYKOMOrJIOLIANOIEro mare-
pHaja, uMeioulerocsi B 6oJibiLOM BHIOOpE.

OCHOBHO! HCTOUHHK IIyMa CHCTeM BOJSHOI'O OTOIIEHHS — 3TO BO-
nsiHo#t Hacoc. Ero BHGpauuum Moryr mepenaBaThbcsi BOASIHBIMH Tpyba-
MH BCEMY 31aHHIO H BBI3bIBaThb 0coboe pasipaKeHHe, MO3TOMY H B
OOLIYHBLIX, H B TeIJIOHACOCHLIX CHCTeMaxX OTOIJIEHHsS cJlefiyeT INpHMe-
HATb MaJIOLUYMHBIE HACOCHI.
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4.3.3. KOMNPECCOPH M KOHTYP C XJIALOATEHTOM

DTH KOMIHOHEHTH ONpele/sioT He TOJNLKO YPOBEHb IIyMa, HO H
KIT, nostoMy 3iech HeoOGXOAMM HeKOTOpbli Kommpomuce. Has no-
MaIIHHX TeIJIOBBIX HACOCOB BBITOJHO HCIIOJNB3CBAaThH CHELHAJJNbHO Pas-
paBoTaHHHEeE MaJOILIYMHbE 3JEMEHTH AOMAIHHX XOJOJHJILHHKOB.

HenpepuBHelit 1iyMm ¥ BHOpalus CO3AAIOTCS ABHKYLUIHMHCS 4YacTs-
MH KOMIIpeccopa: NOpPIHHEeBBIMH WJIHM JIONAaTKaMH, KJaNaHOoM, BaJoM H
motopoM. IlpoxokaeHHe X1a0areHTa B KOHTYpe TakXe Bbi3LIBaeT He-
KOTOPBIf IIYyM, HO CPaBHUTENBHO HeOOJNbLIOMN.

HenpeprBHHI IIYM MOXHO CHHXATh C NMOMOIIBIO PasjiUYHBIX Me-
PONPHATHIA: CHHXKEHHMEeM CKODOCTH KOMIIpeccopa, NpHMeHeHHeM pOTa-
IHOHHOrO KOMIpeccopa BMECTO NMOPIIHEBOro, OTKa30M OT NPHMEHEHHS
KJanaHoB, KaK B HEKOTOPHIX DOTAI{HOHHEIX Komipeccopax. [lopmiHe-
BHIE KOMIIPECCODH CJeAYeT XOpolo OajIaHCHPOBaThb AJs CHHIKEHHS
BHOpaUKi H MOHTHPOBAaTh Ha BHOporacsiieM ocHoBaHHH. BuiGop xJa-
JloareHTa MOXeT BJHSATh Ha YPOBeHb LIYMa, MpeANoyTHTeJdeH Oolee
IJIOTHHIA Nap, HO eCAH ¢ HUM CBS3aHO HOBHILIEHHEe AaBJeHHS, TO MO-
KeT GHTb H o6paTHHA 3d¢dekt. Hexoroprle joMalllHHe XOJOZHIbHHKH
HMEIOT aTTEHIOATODH B KOHTYpe XJajoareHTa, CHHXAIOIHe IIyM Ma-
pa, BXOAAMIEro B KOMIPECCOD H BHIXOASILIErO H3 HEro.

Ecnn Bce ykasaHHBe MeTOAH He RAOT HeOGXONHMOrO CHHIKEHHS
LiyMa, NPUMEHSIOT ABa PaJUKaJbHBIX CPEACTBA: Pa3MellaloT KoMIIpec-
COpD CHAPYXKH 3AaHMA HJH 34KJIIOYAIOT ero B 3BYKOHENPOHHIAEMYIO Ka-
mepy. O6a 31H MeTofa 3ddeKTHBHB, HO HX NPHMEHeHHe 3aTPYAHSET-
cq nosHeHHeM ctoumoctH H cHuxenuem KOII. Ilpu ycranoske BHYT-
pH 3IaHHs KOMIIPECCop OTZaeT 4aCTh Telllla OKPYXKaloliell cpefe, KOTO-
poe TMOJHOCTBIO TepseTcs, ec/lM OH yCraHoBldeH cHapyxu. IliaorHas
3BYKOH30JISILIHA  CPaBHHTEJAbHO JOpara H BbI3biBaeT npobiaeMhl
oXJaXkJeHHs 000pYAOBaHHUS.

Tlepemexatomufics mWyM TeMJIOBOR Hacoe Cosnaer ApH mepHOAHYe-
CKOM BKJIOUEHHH M BHIKJIOUEHHHM ' M TNepHoaudeckoii pedpocraiuu.
IyMAT pesle H COJMEHOMAH, TMEPEKJIIOYAIOIIHe KJIANaHB, a MYCK HJIH
H3MeHeHHe HarpyskH KOMIIpeccopa co3faeT NOBBIIIEHHYIO BHOpAIHIO.
Jlyuumum cpelrcTBoM GopeOBI ¢ NMEPUORHYECKHM UIYMOM TaKoro copTa
CJVXKHT NPONOPHHOHAJNLHOE YIpPaBJeHHe, IPH KOTODOM KOMIIPeccop
pa6oTaeT HenpepHIBHO, HO NIPH NMOHHKEHHOH CKOPOCTH. DTHM He TOJb-
KO HCKJIOUAETCs] MePHOJHYECKHH CTAPTOBBIA WIYM, HO TakXe CHHXKaeT-
¢l M YPOBeHb HenpephlBHOrO Iiyma. [IpMHHHNHAJILHBIM IPENSITCTBHEM
Ha 3TOM NYTH SABJSETCA HbIHENIHss BHICOKAst CTOHMMOCThL IIPHBOAA C Ile-
‘PEMeHHO# ckopocThio. TlepeMeHHas CKOPOCTb — OXHO H3 IVIABHHIX Npe-
HMYIHIECTB NPHBOJA OT JABHraTesiefi BHYTDEHHEr0 CropaHus, DacCMOT-
peHHHIX B V1. 3 %,

Jlpyrue cpeAcTBa CHHMKEHHS TMEPHOJHUYECKOro IUYMa COCTOSAT B HC-
[OAL30BAHHH HMHBIX MeTOJO0B AedpoCTaliid BMECTO pEeBepCHPOBaHUS
(cM. § 4.5), a TakKe B pasrpys3ke KOMIpeccopa nepej MycKOM, TaK 4TQ

* Xors ABHrarteNb BHYTPEHHErO CrOPaHHsi H NO3BOJSET PEryJaHpPOBaTh CKOPOCTb,
ero BpsZ JH MOXHO CYHTATH MeHee WIYMHHIM, YeM 3JICKTPOXBHTaTeNb. — [Ipum. nep,
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NOJIHAsl CKOPOCTh HabHpaeTcs HEHArPyXKeHHHM KOMIPECCOpOM mepef
NOCTYIVIeHHeM XJafoaredTa. Bce aTH coo6pakeHHs ciaeiyer NpHHATDH
BO BHHMaHHe Ha PAaHHHUX CTaAHAX KOHCTPYHPOBAMHS.

4.3.4. NPMBOJL OT ABHMIATENA BHYTPEHHErO CrOPAHMA

IlpeumyuiecTBa H HeZOCTAaTKH TAKOro IIPHBOZA OGCYXAAJHCh B
. 3, a 34ech HYXHO JHIIb JOGABHTb, 4TO XOTS CKOPOCTb PEryJHpyeT-
CA JIETKO, 3TH JBHIaTeJNH CPAaBHHTEJBbHO IIYMHH M [VIYUIEHHe HX LIyMa
OCYIIECTBHTh TpyAHo. ExHHCTBeHHOE
yTelleHHe COCTOHT B TOM, YTO 3BYKO-

H30JIUPYIOIast KaMepa OJHOBDEMeEH- 45 !

HO CHHMXKaeT M NOTEepH TeIllia, 4TO Ho- N Ac1680 s
BHIIIaeT CTelleHb YTHJIM3aUMH Témaa % //§/ 4
oxJaxjawolleff BOJXOH, a cJaefoBa- // . 1|8
tenbHo, H KIIJA. B npoMuuiedHbix 7 ] AC880 || 4
YCTaHOBKaX 3TH cOOGpaxeHHs MeHee AC480
BaxXHbl. 3/eCb yPOBEHb LIyMa [OCTH- )

raer 70—90 1B no cpaBHenuio

¢ 30—50 g1b aas HOMALIHHX CHCTEM. g uzs so0 2000 8000

Ha puc. 4.9 npuBelieH  TemioBoii A

CIIeKTP NPOMBIIIEHHOTO XOJOAHUJBHO-
ro koMnpeccopa «Grasso» B cpaBHe- g7
HHH C AOMAUIHHM XOJIOJAMJIBHHKOM H -
netaecocoM [3]. W AN e

300 600 1200 2400 4800
T T T

7

N
4

4.3.5. 3AKNIOYEHME 2 g /

IIpo6aeMaM cHHIKeHHS HIyMa cje- g 9 :
LyeT YAeAiTb BHHMaHHE IIPH KOH- 500 1000 2007 4000
CTPYHPOBAHHH, HO OHH K COXKaJeHHUIO,
CYHTAIOTCS BTOPOCTENEHHHIMH. DBoJb-

LIMHCTBO H3 NPEAJONKEHHBIX METOOB iit 70 10 300 G600 1200 2400 4600
CHHIKEHHS IIyMa CBS3aHO C HOBHINE- -

HHEM CTOHMOCTH HJH HOHHKEHHEM ™
s¢pdexruBrHOCTH. [TO-BHAHMOMY, C TOY- ] T
KM 3DeHHs BBICOKOH 3((peKTHBHOCTH | 7 ™~

Y

Puc. 4.9. CnekTpaibHuHe XapaKTepHCTHKH HIy- 7

MOB KoMmnpeccopa «QGrasso» (a), aomamHero #
XOMOJHAbHHKA (6) H IHecoca (8). 40 100 200 500 1000 2008 4000
Yaemoma, 'y

H HHM3KOTO YPOBHS IIyMa HJeaJbHbI TeIJIOBOH HAcoc MOJIKEH HMETb
POTALHOHHBIA KOMIIPECCOp NepPEeMEeHHOM CKOPOCTH H TDYHT B KayecTBe
MCTOYHHKA TeIlJia, YTO HCKJIOYaeT BKJIOUEHHE H OTKJIOYeHHe, Aedpo-
CTallMI0O H BEeHTHJISLIHOHHBIA LIYM HCHApHTeNs, YMeHbIIas B TO XKe Bpe-
MS IIYyM KOMIIpeccopa M xJajgoareHta. ITpm sToM He mMoHHKaeTcs 3d-
($eKTHBHOCTb, HO KallHTAJIOBJIOXKEHHS YBEJHUHBAIOTCA.
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4.4. DNEKTPOABMUT ATENbL

Ecau TemsoBoit HAacoc PEryjHpyeTcs ¢ NOMOIIbIO BKAIOUEHHS HIIH
OTK/IIOUEHUs], IPOHCXOAUT HECKOJbKO BKJIOUeHHit B yac. Hx uucno sa-
BHCHT OT MOCTOSIHHOH BpeMeHH CHCTEMH H TeMIepaTypPHOro HHTEpBaJaa
TepMOCTaTa (€C/IH OTKJIOUEHHe NPOHCXOAUT NpH 22, a BKJIOYEHHe NPH
20° C, unrepsan cocrasisier 2°C). OOGBIYHO HCIOJNB3YETCST aCHHXPOH-
HBIj ABHraTe/b ¢ KOPOTKO3aMKHYTHIM POTODOM.

ITyckoBoil TOK B TeueHHe HECKOJAbKHX CEKYHJ MOXeT B 5 pas mpe-
BBIINATh cpeluHit pabouuit. I1yckoBoll TOK co3zfaer npobJeMbl, B TOM
yucae H JJs djeKkTpocHaGxkatomell ceTd. IlepexoAHbifl nponece B ceTH
MOXKeT BH3BaTb ocjaljieHHe CBeTa M BJAHATHL HA 3JEKTPOHHOe 06OpPY-
JOBaHHe, XOTA 3TH 3((PEKTH HeBeJHKH. DpHTaHCKOE MHHHCTEPCTBO
3HepreTHKH O4YeHb TFOPAMTCH KayecTBOM 3JIEKTDOCHAGXKEHHUS U COIpo-
THBJISIETCS JI0GOH BO3MOXKHOHA yrpose emy. OrpanHueHue NYCKOBOR
MOLIHOCTH TpebyeT BBeAeHHsI A00ABOYHBIX COIPOTHBJIEHHH, KpOMe TO-
ro, MOTOp JOJKeH GbiTb 3alliMiieH OT OINPOKHUARIBAHHUS B cJayyae
CPHIBOB B KOMIIpeccope, HHaye OH GwicTpo meperpeercs. IlyckoBof TOK
MOXKHO YMEHBIIHTb WJH HCKJIOYHTb DA3JHYHBIMHM CIIOCOGaMH, HO Bce
OHH, K coXaJenumwo, gopord ¥ cuuxator KI1J. Pagukanpuufi Meton —
3TO- IPHMEHEHHe MPHUBOJAA C PEryJHPYeMOoil CKOPOCThIO, YyTo ofecreyH-
Baer yIpaBJleHHe IPOH3BOAUTENBbHOCTHIO H MOBBLIIIAET SHEPreTHYECKYIO
3ddexkTHBHOCTL. K coXajleHuio, peryiupoBaHHe CKOPOCTH ACHHXPOH-
HOTO NpHBOJA HefelleBo M cHukaer KIL.

B HekoTOpHIX KOMIIpeccopax INpeaycMoTpeHa OafinacHas JHHHA,
paboraiomas npu Habope CKODOCTH 10 HOMHHAJBHOHN, UYTO NOMOraer
CHU3HTb €CJIH He 3HaueHHe, TO AJHUTEAbHOCTbL IyCKOoBoro Toka. pyroe
pellieHHe COCTOHT B 3aMeHe IIPOCTOrO BKJIOUEHHS B CeTb BKJIOUEHUEM
Ha NYCKOBHE CONPOTUBJEHHS HJIH, NJis TpexdasHBX ABUTaTeNel, mepe-
KJIOYeHHeM cO 3Be3An Ha TpeyroibHuk. OGa MerToma NpeAno’araior,
YTO KOMIIPeccOphl He TPeOYIOT NOBBILIEHHOTO MOMEHTa MJs IycKa.

B Auraunm pas npupona Menbme 0,75 kBT npumensior oaHodas-
HBI! HHAYKIHOHHBIA MOTOD ¢ €éMKOCTHBIM IYCKOM. BKToueHHe KOHAEH-
catopa Aaetr 3ddexr BpauieHHs INI0Js, KOTOPHI He CO3JaeTcs IPOCTO
onHotasHbiM TOKOM. Boslee kpynHble nBuraTesn o6bYHO TpeXxdasHhie,
HX NPSAMOe BKJIOUEHHe B CETb AONMYCKAETCH JJIS BKJIOYEHHUS MOHIHOCTEH
o 3 kBr. B CHIA oaHodasusiii npuBox AoNycKaercss H As GOMbIIHX
MOILHOCTeH, KaK, HaIpUMep, B TEIVIOBHIX Hacocax BecTtuHraysa, ucnbi-
TaHHBIX DAUCCOHOBCKMM HHCTHTYTOM [4]. ¥V HHX ofHOMAa3HBIH NPHBOX
MOIIHOCTBIO 10 3,5 KBT ¢ COOTBETCTBEHHO 3HAYHTEJBHBIM IYCKOBHIM
TOKOM. TPpYAHOCTb B NpPUMEHEHHH Tpex(ha3HOro MHTAHHS AJs AOMAll-
Hero notpebJieHUsT COCTOMT, BO-NIEPBLIX, B MOBLIIIEHHH CTOHMOCTH KO
CPaBHEHHIO CO CTOHMOCTBIO OXHGGhA3HOTO H, BO-BTOPHIX, B ONACHOCTH
nonajgaHus uyeJoBeKa IOJ MeXJHHeitHoe Hanpskenue 440 B. INoatomy
LWIHPOKOTO NpUMeHeHHs TpeXdasHoe NMUTaHHe He NOJYYHIIO.

Jpyroe pemenne coctouT B npeo6pasoBaHmu ogHO(MA3HOrO NMHTA-
HHS B TPpex(aszHoe ¢ MOMOIIBIO THPHUCTOPHOro npeobpas3oBaTens, KOTO-
PHIf MOXeT JaBaTb M IIePEMEHHYI0 CKOPOCTb, pelliasi cpasy ABe Npol-
aembl. IIpu Hanuuuu peryimpyemoll cKopocTH HcyesaeT npobJaema
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NYCKOBOro TOKA M MOABJSETCA BO3MOMKHOCTL NPHUMEHEHHS KPYHMHHX
Tpex¢asHHX MOTOPOB, eC/H TOJbLKO NMO3BOJSET MOUIHOCTh TpeXxdasHok
cerd. CTOMMOCTb TaKOH CHCTeMbl 3HAaYHTeJbHa, HO OHA ONpaBAHBAaeT-
Cs MoJiydaeMbIMH NPEeHMYILECTBaMH.

JomnosHnTtenbHass mnpoGJeMa HCNOAL30BaHHSA 3JEKTPOABHraTesed
COCTOHT B HEH3GRKHOM CHHXKEHHH KO3(pGHIHEeHTa MOIIHOCTH (COS@).
MHuHHCTEpPCTBO 3HEPreTHKH 3acraBiifier mnoTpeCHTeNel mJIaTHTL 3a
3TO, H 3a4aCTyi0 GHLIBAeT BHIFOAHO GOJBLIIHM MPEeANPHATHSAM MOBHLIAThH
KO3 (HIHEHT MOIIHOCTH C NMOMOILIbI0 BpallAIOUHXCA CHHXPOHHBIX
xomneHcatopos. KoHeyHo, KaXAablli OTAeNbHBIH NOTPeOHTe/b HE3HAUH-
TeJbHO CHHXaeT K03(h(}HUHEHT MOIIHOCTH, HO LIHPOKOE TNpPHMEHeHHe
TEMJIOBHX HAcOCOB co3faer npobieMy, AJs pelleHHs KOTOPOH mnoTpe-
Gyercsl JOMOJMHHTEJNbHAS OmvIaTa * oT morpebHTeNEH.

HecMoTpss Ha oTMeueHHBle TPYAHOCTH, 3JeKTPOABHraTenab obecrme-
yHBaeT yAOOHBIH H HaleXHHA npuBoA. HecomMHeHHO, uyTO HaXe mpH
UIHPOKOM DAa3BHTHH Tra30MOTOPHHIX TENJIOBHIX HACOCOB 3JEKTPONPHBOA
COXPaHHT IJIaBeHCTBYIOLee MOJNOXEeHHe,

4.5. QE®OPOCTALMA

¥ n060ro TenJoBoro Hacoca, HCHoJb3YIOLIEro TEMI0 OKpyXKaloile-
ro BO3[yXa, MCMapHTeJb NOJABepraercsi oOJIeeHeHHI0 H3-3a OXJaxje-
HHSI BO3AyXa HCnapsiolHMcs xaagoarentom. Mcnaputens coctout u3
paga Tpy6OK ¢ XJaj0areHTOM, KOTOpHE ¢ BO3JAYIUHOA CTOPOHH CHab-

Puc. 4.10. Ope6penne HcnapHTesed.

* B oroft CBA3H CJeAYeT OTMETHTh NPEHMYIECTBO KDPYNHWX TeMmJOHACOCHHX
-YCTaNOBOK MO CPaBHEHHIO ¢ MEJKHMH, TaK KaK Ha HHX YCTaHaBJMBAIOTCH TOJNbKO CHH-
XpOHHbIE 3/1eKTPOABHIaTe/H, KOTOPHE He CHHXKAIOT KOI()(HUHEHT MOIIHOCTH B 3Hep-
rocucTeMe H Jaxke MOTYT ero moBHwWaTh. — [Ipus. nep.
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JKeHul nilacTHHYaTHIMH pebpamu AAs obecneuenust Xopouero Temioob-
Mmena. ITpoxox Mexnay peGpamu cocrasiser 2—4 mm (puc. 4.10).
Koneuno, Hekoropoe obJef€HeHHe AONYCTHMO, HO yepe3 HEKOTOpoe
BpeMsl OHO MOXeT BO3PAaCTH HACTOJbKO, YTO CJOH JIbAAa CO3KACT Tell-
JOBOH Gapbep MeXAY BO3AYXOM H XJaJOareHTOM, a 3aTeM H COBCEM
nepekpoer NyTh Bo3Ayxy. CKOPOCTh HAaKONJIEHHS JbLA H COOTBETCTBY-
jomas yacrora JAedpocTanuyu 3aBH-
CAT OT KOHCTPYKUHH HCIIapHTeNsl H
OKPYKalomux ycjoBuil. XapakTepH-
CTHKH HeGOJBLUIHX TEIVIOBHIX HAacOCOB
npuBefieHs B pabore [5].
Pucynok 4.11 nokasmiBaer, 4TO
C TOYKH 3penust Aedpocranup Gojee
nNpueMJieMsl KpafHHe 3HAYEHHS TeM-
neparypHoro rpaduka 1o CpaBHEHHIO
¢ Temneparypoit Bosse 0° C. dto cmpa-
BEIJIHBO AJsI OTHOCHTEJbLHOI BJIAXKHO-
{m > 7 57 CTH Bbille 809%, ee BaMsHHE cO3LaeT
CYLECTBEHHYIO DPas3HHUY B 4YacTore
Puc. 4.11. 3aBHCHMOCTD 4aCTO- nebpocranun B CIUA n Anramn. He-
TH ACPPOCTAUHH OT OTHOCH-  (ponophanyg DIHCOHOBCKONO HHCTHTY-
TEAbHOH BJAXHOCTH ¢ H TeMmme- y
PaTYPH CYXOTO TEPMOMeTpa. ta [4] nokasaau, uto gedpocrauus
B CIIA tpebyer 0,5% mnosHo# Temio-
BOfi MOU{HOCTH, Torga Kak B AHrimu diekTpuueckuil coser [6] cumra-
et Gosiee BeposTHHIM 1—29%. DTH 3HaUeHHA He YYHTLIBAIOT JONOJHH-
TeJBHHIX MOTeph 'TeNJa, BLI3BAHHBIX JedpocTanueli, YTO IPHBOLHT
K HEKOTOPOMY CHMIKEHHIO 5HepreTHueckoi 3((PeKTHBHOCTH.

@=100%
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Yucno qunnob 8 cymwe

4.5.1. METObl AE®POCTALLMH

Takux MeTol0B HeCKOJbKO. Eciin TensoBoit Hacoc peBepcuBeH, KaK
3T0 Aenaercs AJd YCTaHOBOK, HarorosjieHHblx B CIIA u umnoprupye-
MBIX B HacTosilllee BpeMs B EBpomny, gedpocralys TPOH3BOJAHTCH pe-
BepcHpPOBaHHEM TeIJIOBOI'O Hacoca Ha KODOTKHH TiepHOH, B TeUeHHe
KOTOPOTO HCIapHTeNb CTAaHOBHTCS KOHAEHCATOPOM H TeMIlepaTtypa ero
riosblinaercss. Bo BpeMs 3TOH onepamHy BHEIIHHHE BEHTHJASTODP MOXKHO
OTKJIOYHTDL, 4TOOBH TeMIepaTypa TellooOMeHHUKA OBICTpee MOBHILIA-
aack. C nesnblo KOMIeHCAallHy Ha BpeMs AedPOCTAlHH BKJIIOUAETCH HO-
_TIOJTHUTENbLHBI HarpeBaTeb.

D10 3JeraHTHOe pellleHHe NpoGieMul AedpocTaunut, ocobeHHo, ecan
yuecTb, YTO MHOTHEe TEIIOBhHIE HACOCH KOHCTPYHPOBAJH KaK BO3AYII-
HBle KOHZHUHOHEPH KPYIVIOFOAUMHOTO AefCTBHS, T. €. YCTAHOBKH, pe-
BEPCHBHHE 10 CyIiecTBY. B aTom ciayuae Bce KaanaHH H aKKYMYJASTO-
PH NIPeAYCMOTPeHH ¥ TpebyeTcs AOMOJHEHHe TOJBbKO B BHJe CHCTEMH
ynpasienus. OCHOBHOM HERZOCTATOK COCTOMT B TOM, HTO OTKJIOYeHHe
OTPHLATENLHO BJHAET Ha IIOTOK XJagoareHTa, B YaCTHOCTH KHIKOCTD
MOXeT HONacTb B KOMIIPECCOp, KOria BHYTPEHHUH TellIoOGMeHHHK Ha-
ypHaeT paboTaTh KaK Hcnapuresb. IIpeBeHTHBHOH Mepo#l siBisteTcs
yCTaHOBKa XKHIKOCTHOTO AaKKYMVJATOPa Ha BCachBalollell JHHHH
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(puc. 4.12). Takas 3amura BnoJiHe YAOBJAETBOPHTENbHA, HO OHA MOBH-
IIaeT H3HOC KOMIPEccopa BCAEACTBHE NMOCTOSHHOTO H3MEHEHHsS YCJO-
Bufi Harpy3kH, H cHmxaer KOIT u3-3a TennoemKoCTH XKHIKOCTH B aK-
Kkymyasrope. Eciiu TensoBoit Hacoc HepeBepCHBEH M PACCUHTAH TOJBKO
Ha HarpeBaHue, cJelyeT MOAYMaTb H O JPYTHX MeToAax AehpoCcTalHH.
Ecau ux maliTu He yAacrcs, TO TEMJIOBOH Hacoc NMpHAETCS JAeNaTth pe-
BEDPCHBHBIM TOJbKO AJs leselt nedpo-
CTAllHH.

Jpyrux mMerofoB HeckoJabko. Ilpen-
JIOXKEHO,  HalmpHMep, YCTaHaBJHBaTb
3JIeKTpOHAarpeBaTesbHHE 3JeMEHTH BAOJb
pebep HcmapHTeNsl, XOTd 3TO HOBOJIBHO
Joporo H cHuxXaeT 3(PdeKTHBHOCTL De-
Gep B HOpMaJbHOH 3KcnayaraunuH. JIpy-
roe npeiJjioXXeHHe COCTOHT B IIDHMEHeHHH
CTpy#t ropsueft BOABI, KOTODHE CJeAyeT
NpaBUNbHO HamnpaBuTb. Ilpeanarannch Puc. 4.12. Pesepcusnuit remio-
TaKKe HCNAPHTEJH M3 IJIOCKHX IIIACTHH, BOH HACOC € MUIKOCTHHM aKKy-
¢ KOTOPHIX JeJ OnajiaeT KyCKaMH IpH ggg:;opom Ha CTOpoHe BCach-
MeXaHHYeCKOH OYHCTKe H He Tpefyer y

1 — KOHEEHCATOP; 2 — YETHPEXXOHO-
NJIaBJICEHHA. S'ra CHUCTEMa NPUBOIHUT BOA KpaH; 3 — aKKyMyJATOD XKHX-

KOCTH;, 4 — KOMIIpeccop; § — Hcma-
K yBeJHYEHHIO 00beMa HCHapHTEeNs, TAK  pyreaw

KaK TOJbKO OpebpeHHe MO3BOJAET IOJIY-

YHTh HOCTATOUHYIO ITOBEPXHOCTb B MajJoM oObeMme. Bbujio mpoBexeHo
MHOTO HCCJIEIOBAHHA MO BBIACHEHHIO BJHSHHS KOHCTPYKUHMHA HCIApHTe-
nell Ha o6sefieHeHHe. BappHpOBaIHCh TaKHe INapaMeTpbl, KakK YHCJO
psiioB TPyGOK, mar ope6penns u pacxoi Bosayxa [7, 8]. Ecau nenapu-
TeJb ONTHMH3HDPOBAH 10 MHHHMYMY 3KCIIIyaTallHOHHBIX 3aTpaT ¢ yde-
TOM MOIHOCTH BeHTHJATOpPA, TO PacxXol Bo3Ayxa OyHeT MeHbIUe, YeM
ONTHMAaJIbHLII ¢ TOUKH 3peHHs JedpocTaliii, TaK KaK IOBbilIeHHe
pacxoia BO3lyXa CHHJKaeT CKOPOCTb OGJiefeHeHHs, IO KpaRued Mepe
npH TeMiepaType Bosiyxa Bbime 0° C. DKcnepuMeHTH ObLIH MpoBele-
HBl C YBeJIMYEHHeM I1ara opeGpenus Ao 12 MM, a TakxKe C epeMeHHHM
maroM ope6peHHs, Koraa pe6pa IIHPOKO PAcIOJOKEHbl Ha NPaBOM pA-
1y TpyGOK HCIapHTeJsl C lleJbl0 HAKOMJIEeHHs JbJa, a Ha MOCJEAYIOIHX
psiiax paccTosiHHe MeXIy pe6paMy yMeHblIaercs LIS YJYyYLICHHA
Temnmoo6MeHa. DTO IOBOJBHO COXKHAasA KOHCTPYKIHS, H BpsfA JH OHa
MOAYYHT UIHPOKOE paclpocTpaHeHue.

Ecau rtemnosoft Hacoc ¢ ucnoJb30BaHMEM HH3KOIOTEHIHAJIBHOI'O
TeIlIa OKPYXKAIOLEr0 BO3JyXa MoJjyyaeT ellle H BHICOKONOTEHIHAJbHOE
Temso (aBGCOpOGUHOHHBINA IHKJ HJAH ra30MOTOPHHIH NapOKOMIPECCHOH-
HBIH ILHKJA), TO MOXHO NPHMEHATb AJs AebpocTaluy cOpPOCHOE TEMJoO.
Hanpumep, c6pocHoe Temso OT BHIXJONa ABHI'AaTeNs BHYTPEHHEro Cro-
paHHus o6bIYHO Jo6aBisieTcs K Telay OT KOHJeHcaTopa TemJOoBOTo Ha-
coca, HO ero MOXHO 3()(}EeKTHBHO HCNOJAb3OBATH NJIs NEPHOLHYECKOH
ndedpocTalny, 1ogaBasi BHIXJION Ha HCOAPHTENb.

Ha Bpuranckoii uccnenoBatenbckoii cranuuu B Conuxasie Co3faH
3KCNMIePHMEHTANbHBIN TenJIoBO# Hacoc, Ha KOTOPOM HCCIEAYETCs 3TOT
MeTOX AehpPOCTalMH C LEeJbI0 ero NMocjeAyiollero IHPOKOro IpHMeHe-
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Hus. 31ech BHIXJOMHBe T'a3hl OXJaXAaI0TCsl He CJAHIUIKOM CHJLHO M HO-
3TOMY COAepXKaT GoJbLIYIO A0J10 Bjaard. B a6copGUHOHHOM TeNI0BOM
Hacoce MoxXeTr OGHTL NpHMeHeHa oueHb addeKTHBHAs Kamepa cropa-
HHA, Jalollas BHIXJOMHBIE TasH NpH TeMIepatype He 6Godee 100—
200° C. Ecip ux moxaMewiuBaTh K NMOTOKY BO3AyXa Uepes HUCHapUTENb,
TO oGefeHenHe PaKTHUECKH MOXKET YBEJMHUHBATHLCA B YCJAOBHAX OYEHBb
xogonHo#t moroarl. Ho B LesioM Tem1oBHe HAcoCH ¢ OCHEBHM o6Gorpe-
BOM HMEIOT XOPOlllHe BO3MOXHOCTH AJA nedpocTalyy TrOpAYHM BO3-
JHYXOM.

4.5.2. YNPABAEHME RE®POCTALMER

Han6onee sipko BBIpaxennsiii a¢dpextT 06pasoBaHHs JbJa COCTOHT
B YBeJHUEHHH Nepenaja JaBJeHHH B BO3AYLIHOM IOTOKe Yepe3 HcIa-
PHTENb, YTO 3a4aCTYIO H HCNOJAb3YeTCs KaK CHUIHAJ AJAA Hayaaa Jded-
pocrauuy. DTOT METOH4 He BCerla YIOBJETBODHTENEH, TaK KaK HYX-
JaeTcs B NPOCTOM H HaJexXHOM HaTYHKe AaBJjeHHd. B oxHOA H3 KOH-
CTPYKUUH IJS HU3MEpPEHHS NaBJeHHS HCIOJL3VIOT YNPYryio MeMGpaHy,
HO OHa JIETKO BHIXO/JHT H3 CTPOS MPH CHILHOM BeTpe H OYeHb YYBCTBH-
TeJibHA K MECTY YCTaHOBKH, J100asi ouln6Ka B BEIOOpe KOTOPOTO BeReT
K CHHXeHHIO 3 (heKTHBHOCTH LHKJA.

Bonee HamexXHHH MeTOJ COCTOHT B TOM, UTO H3MEpSIOT PA3HOCTH
TeMIlepatryp MeXIy BO3AYXOM M XJajJ0areHTOM, KOTopas OCTaercs
[IOYTH NOCTOSIHHOH MpH JMIOGLIX YCJIOBHSIX, MOKa He HauuHaercs obJe-
JeHenne. Toraa temnepartypa xJaajoareHta NajaeT, H 3TO CAYXKHT XO-
POIIHM cHTHANOM (aKTHYecKOH HEOGXOAMMOCTH AedpocTaluu.

Tperuft MeTox COCTOMT B IIPOCTOM H3MEPEHHH NPOMEXYTKa Bpe-
MeHH NocJe npeAnayiedt gedpocTaitu, 3TOT METOH OYeHb HadeXeH H
BIIOJIHE YJOBJETBOPHTENEH NPH Pa3JIHYHHX yeaoBuax. On ponosanser-
cq OTKJIoueHueM nedpocranyu, eciu TeMmlliepaTypa BO3AYyXa MPeBHI-
maet pomycTHMblit npegen. Ha nepswiit B3riIsid, 3T0T MeTON SHEPreTH-
geckn Hea(PeKTHBEH, HO 3TO He OYEeHb CYLIECTBEHHO, TaK KakK NPOACJ-
KHTeNbHOCTb AedpOCTALUH 3aBHCHT OT KOJHYECTBa YAaJasieMoro Jbia,
a 3Heprud, 3aTpayuBaeMas Ha yLajleHHe KHJOTpaMMa Jbja, Hese-
JHKa.

Mpu nedpocraunn pesepcupoBaHHeM ee IPOXONKHTEIbHOCTH pe-
I'YIUPYETCSA MO TeMIepaType HJIM AaBJEHHIO XJafoareHTa, HNOKHAalo-
mero ucnaputeds. Korna aen ynajded ¥ muka gedpocTalHu 3aKOHYEH,
TeMllepaTypa H JaBjeHHe Bo3pacraioT. He caenyer upeaMepro 3ars-
ruBath UHKA AedPOCTAalHH, HO BpeMs LHMKAA AOJKHO GHTH AOCTATOYU-
HBIM, 4TOOBl paclJiaBJeHHBIA Jel ycnea creyb, 60 B IPOTHBHOM CJAY-
yae obJe[lecHeHHe HayHeTCs cpasy Ke, KOrJa LHKJ TENJOBOTO HACOCA
BOCCTaHABJAHBAETCA.

4.5.3. HEOBXOAMMOCTb YCOBEPLLUEHCTBOBAHMA

XoTst TeopHs M NpaKTHKa Ae(poCTaUHH TyTeM peBepCHPOBAHHS
yXe JeTajJbHO H3Y4eHBl H HMeeTCs 3HAUHTEJNBHBI ONBIT SKCIVIyaTallHH
3TOr0 METOJa, CYLIECTBYIOT Cephe3Hhle OCHOBAHMSA MJs NOHCKOB Aalb-
HefllIHX YCOBepIUeHCTBOBAHHIL.
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B ycaosusx EBponb TensoBo#l Hacoc A0JKEH BBIAEPKHUBATHL NMpPH-
mepHo 1500 uuknaos aedpocranuu B rox no cpaBHeHuio ¢ 500 mukaa-
mu B CIIA. 310 oKa3niBaeT CYLIECTBEHHOe BJHsSHHe Ha HaJEXKHOCTb,
XOTd ee TPYAHO BHIPa3HTb KOJHUecTBeHHO. CyUECTBEHHO TakXKe, 4TO
TeMJIOBOH HacoC AJIA KauMara EBpomnl He o6s3aTebHO JOJMXKeH ObITh
DPeBepCHBHBIM, [O3TOMY MPeICTaBaAsieT GOJAbLIOH HHTepec paspaboTka
HCnapHTeNs, KOTOPHA He mojaBepraercsi o6JeJeHEHHIO, YTO YMEHbIIH-
J10 OBl CTOHMOCTh KOMNOHEHTOB TEIJIOBOTO Hacoca.

Haun6osee BaxkubiM ¢akTopom sBasieTcs 3Heprethueckas 3ddex-
THBHOCTb. HepeBepCHBHHII TEMIOBOH HAacoCc HMEET KOMMEpPUECKYIo
HEHHOCTb TOJBKO IOTOMY, 4TO CIOCOGEH 3KOHOMHTH TOIIHBO, MO3TOMY
sHepreruyeckass 3bhdeKTHBHOCTL — 3TO TIJaBHbII mnapamerp. Panxee
OTMeuaJoch, YTO 3a BpeMsa JAedpocTallil KOMIIPECCop mnoTpebJser
okono 1,5% Bceit snepruu ags kaAuMara AHIJHH, DTH pacyeThl He y4H-
THBAIOT AOMOJHHTEJILHOTO Telsia, HeoOXOAUMOro AJAS TNOJAepHKaHHSA
TeMnepatypsl B nomellennd. as ero pacuera ciaeayer 3narb KOII
TEIIOBOI'O HAcoCa, KOoraa OXJaXKaaercss BHYTPEHHee NMPOCTPAHCTBO IIO-
MellleHHs] H HarpeBaercs HcOaputedb. Ero TPyaHO ONpefesHTh ¢ HeoO-
XOAHMON TOYHOCTBIO, MOCKOJBLKY pasHHIla TeMnepartyp (aKTHYeCKH
oueHb MaJia, HaIpHMep HchnapeHue npoucxoant npu 5° C H KoHieHca-
uus npu 20° C. TTonoxum, uro KOII pasen 6. Torma mnorpebaenne
SHepruH npH aedpocraumu cocraBut 1,5%+6-1,5%, 1. e. 10,5% mnoa-
HO#l norpebysieMOl SHEPrHH.

IlpuBepenunlfi pacuer SCHO IMOKa3hHBaeT HEOGXOAHMOCTh ydera
BJHSIHHS KaXIOr0 H3 KOMIOHEHTOB Ha 3HEPreTHYecKyl0 3¢¢eKTHB-
HOCTb Hacoca B LenoM. Brurpoiu B sddextusnocrn Ha 10% moxer
O0Ka3aTh pelllalolliee BJIHUSAHME HA KOMMEPUYECKHH VycneX HJH INpoBaJ
TemnoBoro Hacoca. IIpHBegenHble pacueThl He BIIOJIHE PEaJIMCTHYHH,
TaK KaK B HHUX NPEeAINOoJaraioch, Y70 BCe TeIJO, MOTEpsAHHOE NpH jAed-
pocTaliiH, nomnoJHsiercs anekrpoHarpeBatesem (KOIT=1), Toraa kak
Ha IpaKTHKe 4acTb STOrO TelJa JaeTcs CAMHM TeIUIOBBIM HAacocoM
(KOIT=3). DTa uyactb BpAA au MOXKeT GbITh CYLIECTBEHHON, TaK Kak
OKpyXalolliass TeMIepaTypa NPH HAJHUYHH CHJBHOro obJielleHEeHHS Ha-
XOJLHUTCS B mpejenax or —2 no +4°C.

B 3akaoueHHe OTMETHM, 4To H306peTeHHe HeobGMep3arollero Hcma-
pHTeNs CYIeCTBEHHO pacliMpuiao OH PHHOK TEMJIOBHIX HacOoCOB, 0CO-
6enHo B EBpone.

4.6. OBCIIYIXMBAHME U HAAEXXHOCTH

ITpu nomamneM NpuMeHeHHH HAJEXKHOCTbL 3aYacTyl0 CYHTaeTCs
MeHee BaXHOH 0 CPaBHEHHIO CO CTOHMOCTBIO, TeM 6oJjiee UTO ZaHHHE
N0 HaAeXHOCTH Y Pas3jNYHbLIX NPOH3BOAMTeNEeH TPYAHO MONAYIHTH H
conocraBHTb. Hepeako pellleHHe NpHHEMaeTcs No NPHHUHNY «ECJAH 3TO
ZopoxXe, 3HaUHT OHO OoJiee HALEXKHO», YTO BPAJL JH MOXKHO CUHTATh
Cepbe3HbHIM OCHOBaHMeM Jas 3artpatel npumepro 1000 ¢yuros (B
Anraun) Ha cucTemMy UEHTPaJbHOTO OTONJIEHHA. TeIJIOBOH Hacoc
yMeHbllIaeT rofoBble 3aTpaThl Ha TOIUIHBO, HO 3Ta SKOHOMHS CHHXKa-
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eTCs H3-3a YBeJHYEHHS CTOMMOCTH SKCIVIVaTalHH 110 CPaBHEHHIO CO
CTOMMOCTBIO 3KCIJIYAaTallHH OGbIYHBIX OTHEBBIX CHCTEM OTOIVIEHHS.

B KoMMepueCKHX HJH MNPOMBIIEHHHX NPHIOXKEHHUAX MNOTpe6H-
TeJb BCerja NOJXKeH AelaTh HeoO6XOMHMBle CONOCTAaBJeHHS.

4.6.1. PECYPC

Henasno B CIHIA 6biiH ony6JHKOBAHB Pe3YJAbTATH HCCJIENOBA-
HHS pecypca H CTOMMOCTb 3KCIIYaTalMH PasjHYHOrO TemlJocHabxaio-
mero o6opynosanus, nposenennoro ASHRAE. Co6pannble y motpe-
6uTesiell naHHble GBLUIH CTATHCTHYeCKH 06palOTaHb H MMOKa3aHO Cylle-
CTBEHHOe pa3JHuHe MexXAy rpynnamu obopynosBanus [9]. Ilpusenen-
HOe B OTUYETe BPEMS 3KCIUIyaTallHu o6OpYAOBaHHs yKa3aHo B Tabu. 4.1
KaK [Jis TEeIJIOBBLIX HACOCOB, TaK H JAJA KOTJOB, KOHKYDHPYIOUIHX
¢ HUMH Ha DHHKe, a2 TakXe AJfA HEKOTOPOTO JAPYroro 06OPYAOBaHHA.

Tperbst u uerTBepTas KOJOHKH Tabs. 4.1 NMOKasbBalOT BpeMs 3KcC-
IJyaTalMH, B KOTopoe YKJajsBaiorcs 25 u 75% paccMOTpPeHHHX 06-
pasunos, YTO JaeT NpejcTaBieHHe o pas3bpoce AanHHX. CorjacHo HC-
CJIeIOBAHHIO, OCHOBHOH (hakTop, onpenesAOIUA BpeMs SKCIJIyaTalHH,
3TO MOpaJibHOe CTapeHHe O6OpYyIOBaHHs, T. €. Jub0O NOsBJIEHHe JYY-
mero oGopyaoBanus, JAu60 H3MeHeHHe MmOTpebHOCTEH y moTpebuTeds.
TlpuBefieHHBIe faHHBE MOXKHO HCIOAL30BaTh AJA OUEHKH BpEeMeHH

Ta6auuma 4.1. Bpems skcnayatanuu TensocHaGxarouiero o6opyaoBaHns

ITonxoe ppems sxcrmyartanuu, rog | Koamuecr-
BO HCCJIE-
O6opynosanne ZIOBAHREX
cpeguee 25% 75% | YCTaHOBOK
ArpernpoBaHune TeNJIOBHE HACOCH:
Ha BO3AyXe AOMAaUIHHK 11 10 12,5 12
Ha BO31yXe O6LIeCTBEHEHI 15 11 15 13
Ha BOfle OOLIECTBEHHHA H MPOMHILI- 13 10 20 8
JeHHBH
Koram:
napoBol, cTaJbHHe BORSHHE TPYOH 30 20 40 30
naposofl, cTajbHNe OTHeBHe TPYGH 24 20 30 14
1apOBOR YYryHHHI 30 20
BOROrpeAHuA, CTajbHHE  BOASHHE 24 20 27 12
TpyOH
BOAOTPefiHNA,  CTaJbHHE  OrHEBHE 23 17 30 16
Tpy6H
BOJOrpefiHbil YyryHHH# 30 20 40 13
ArpernupoBannne KOHAHIMOHEPH:
BO3AYLIHKA AOMAMIHAA 14 8 20 29
BO3AYWHHHA OOUIECTBEHHHA H IHpo- 15 10 20 48
MHLIJeHHH
BOASHOE OXJaXMeHHe, SJMeKTpHUeCKHE 16 10 20 17
Xoaoguasuoe o6OpyAOBAHHE:
MOpUIHEBHE KOMIPECCOpH 18 12 20 7
BOJOOXJaAHTEb NOPIIHEBOH 19 15 20 34
LLeHTPOGEeKHHA 25 20 30 28
a6copOuuonuuit 24 20 30 16
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JKH3HH TIPH SKOHOMHYECKHX pacyeraX, HO OHH He OTPaXKamwT OTHOCH-
TeJbHOH HaJeXHOCTH Pa3JHYHBIX 00pa3loB 060pyIOBaAHHA.

KpoMe mopaabHOro crapeHuss o60pyAoOBaHHe TpeOyeT 3aMeHH NpH
NOJOMKe ONHOH H3 I[VIABHBIX KOMIIOHEHT, KOTODHE CJIHIIKOM AOPOTO
DPeMOHTHPOBATh. JIsl TemJOBBIX HACOCOB — 3TO MOTOD C KOMIIPECCO-
POM HJH TeIJIOOOMEHHHKH.

TTonoMKku KoMmpeccopa YCKOPSIOTCS NpH paboTe Ha mpeleie TeM-
nepaTyphl MJAM NaBJeHHs, YJaCTOM PEBEPCHPOBAHHH HJH BKJIOUEHHH —
BHIKJIOUEHHH. DTOMY CHOCOGCTBYIOT pasJjioKeHHe XJaJoareHTra HJIH
MacJja, MOMNAaxX LeHTPOGEXHOro KOoMIpeccopa H NepenoJHeHHe KHUI-
KOCTHOI'O MOPUIHEBOro KoMmpeccopa. Pecypc Maluubl Bo3pacraer NpH
pafoTe, KOTJla 5TO BO3MOKHO, Ha NOHHXKEHHOH CKOPOCTH, NMPHMEHEHHH
CTaGHNbHLIX — [PEeUMYLIeCTBEHHO CHHTETHUECKHX — MaceJ M TIia-
TeJbHOM TEMIIEPaTYPHOM KOHTpOJeE.

Tennoo6MeHHHKH OGBIYHO Pas3pyHIalOTCA H3-3a KOPPO3HH Ha CTO-
pOHe, NPOTHBOMOJIOKHON XJIafoareHTy. XoTs CYIeCTBYeT MHOr'o Mepo-
NPUATHH MO NPEAOTBPAlLIEHUI0 KOPPO3UH, OHH OOBIYHO HOPOrH H He
BCIOAY NpHMeHHMbl. EJUHCTBEHHBI NyTh NpeNcKa3aHWs KOPPO3HH B
TemIcOGMeHHHKe XJafloareHT — XKHAKOCTb C TEXHOJOTHYECKHM MOTO-
KOM, COepXKall#M BOAY, COCTOHT B MOMELIEHHH HCObITyeMoro obpasua
B peasibHOE MeCTO 3KCIIYaTalHH ¢ HATYPHOH KOHIeHTpalueR BellecTB,
TeMIePaTyPHO-BPEMEHHHIM LHKJOM, CKOPOCTbIO MOTOKa H CTENeHbIo
aspanuu.

4.6.2. OBCNYXXMBAHME

Bce ofcayxHBaHHe NEJHTCS Ha JBE OYEBHIHBIE KaTerOPHH: IIAHO-
Boe H HemsaHosoe. Llesp mporpaMmsl IJ1aHOBOTO OGCAYXHBaHHs CO-
CTOHT He B HCKJIOUEHHH BCeX MOJOMOK, a2 B YMeHbLIEHHH O6Iue# CTOH-
MOCTH 3KCIIyaTaluH. 3aTpaTthl Ha NpeIynpexIeHHe IOJOMOK YacTo
3aBHCAT OT TOCJeACTBHIA nosoMoK. Ecau cucreMa oxsaxiueHus o6ey-
JKHBaeT KOMNbIOTEP, ee BBbIXOJ H3 CTPOS CTOHT OYeHb JOPOro, Tak XKe
KaK H OCTaHOBKa HEKOTOPHX MPOLECCOB MAacCOBOIO MPOH3BOACTBA.
Jns TenJIOBHIX HACOCOB, CHAGXKEHHHIX NONOJHHTEJIbHBIMH HCTOYHHKA-
MH TellJia, HeCKOJIbKO MOBBIIIAIOLIMMHE CTOHMOCTb YCTAHOBKH, BBHIXOJ H3
CTPOsi He BeleT K NONOJHHTEJbHBIM 3aTpaTaM, Tak 4YTo oco60 HaJeX-
Hble 3aIlHTHbBIE MEPONPUATHSA He TPeGyIoTCS. ‘ _

[TnanoBoe o6cayKHBaHHe MOBBILIAeT pecypc 0GopyRoBaHHs. 34ech
XOpOUIHM NPHMEPOM CJIYXKUT CBOE-

BPeMeHHasi 3aMeHa KOMIPECCOPHO- Tagampa 4.2, Cronmocts
ro Macjia, NOCKOJIbKY IIDH IJIHTENb-  o6cayXKHBAHHS
HOM €ro HCIOJb30BaHUH 3aMETHO

¥
BO3pacTaeT €ro KHCJIOTHOCTD. Crommocrs, goan. /(rox-u®) | S8
Cpennsis  cTOMMOCTH 06CIYXKH- ges
BAHHS CHCTEMBI TeIJIOCHAGKeHHss H *" Es3
BEHTHJISIIMH B TOJ Ha KBaJApaTHBLH cpeanss | 25% 75% 525
MeTp O0O6CAy:KHBaeMoji MNJOLIaJH
[9] upuBenena B Taba. 4.2. Co- I{ 1,6329 10,7535 | 2,5833 | 24
NOCTaBAAJIOCh OGCay:xKHBaHMe ABYX II | 1,1916 | 0,7635 | 1,6729 9
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" ypoBHe#: tun | — ouenp rmarensuoe, a tun !l — vyacrtuuno nnaxosoe,
a YaCTHYHO HeNVIaHOBOe, Mo Mepe Hago6HOCTH. PasHuua B 3arparax
OKasaJjach He6OJblIOH.

Kak u3BecTHO, MOJIOMKA MeJKOH KOMIIOHEHTH MOMKeT BBI3BAaTh
Goabunit yuep6, yeM nojsomka kpynHoil. B ta6a. 4.3 npuserern npu-
YHHbl BHI30BOB TeXHHKa OJs peMoHTa 163 TemlIoBbIX HACOCOB, ycTa-
HOBJIGHHBIX B KHMJBX M OOLIECTBeHHBIX 37aHuaX, 3a 3 roga [4]. Her
HeOOXOAHMOCTH NDHAABaTh 3HAYEHHe pasHHIE MeXAy obchaegoBaH-
HBIMH TCMJIOBBIMH HAacOCaMH H MecTaMu HX vcTaHoBkH. JJaa KoHCT-

Ta6anuwa 4.3. CTaTHCTHKA DeMOHTHHX BH3OBOB

O6wecTBeHH He Kunvie
n
stacno | e | Bgpn| oo | o | Bgpe

Koumnpeccop 2 13 1,5 10 11,5 4,4
DNneKTPHYECKHA KOHZEeHCaTOp KOMIpec- 20 2 8,9

copa
BHryTpeHnuit BenTHAATOD 2 3 1,5 2 7 0,9
PeMeHb BHYTpEHHEro BEHTHJATOPA 24 1,5 | 18,2
Hapyxunlil BeHTHASATOD 3 — 1,4
DneKTPHYECKHN KOHAeHcaTop Hapyxuo-] 13 251 9,9

ro BEHTHJATOpPA
Ynpasenye TOTOKOM 4 7 1,8
Jpoccenbunit knanan 2 13 | 1,5
Pepepcupyiomuil K1anax 1 — | 0,8 4 6 1,8
[IporpaMMumii KOHTpPOJIEp 19 | 4,5 84
InaBkuit npegoxpanuTesnb 1 — 10,8 6 2,5 | 2,7
Ynpasaenue nebpocrauueit 5 — | 38,8 3 — 1,4
Pene 5 2,6 13,8 16 4 7,1
Kouraxrop 1 4 0,8 13 2,5 | 5,8
OG6cnyKuBaHHe ympasieHns aedpocra- 1 — 18 6

nue
OG6cayKUBaHHE KOHTAKTOPA 4 |25
PeMoHT Teueit 2 4 4 2,5

" O6cayxupanue TPOTPAMMHOTO  KOHT- 5 2

poJaepa
OOGcayxHBaHHe BHEUIHET0 BEHTHAATOPA 13 2
Ho6apnenne xaagoaredra 5 .13 7 2,5
Jpyrue BH30BH 39 2,5 95 2,5
Br30BH 1o 06c/yRKUBaHHIO 103 246
CpepiHee 4HCJI0 YaCOB HA BH30B 3 3
Uucno BH30BOB Ha YCTaHOBKY B rof 0,78 1,13
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PYKTOpa BaXHO ydYecTb, uto Gojiee 90% BH30BOB AJsi PEMOHTA CBS3a-
HO CO BCHOMOTaTeJbHBIM OGOpYyAoBaHHeM H JHUIb MaJjas 4acTb — C
OCHOBHHM. KoHAeHCaTOpH, pejle, COMEHOHIbl H BHIKJIOUATENH TPeGyioT
K cefe cepbe3HOro BHHMAHHS JJS HOBBIUEHHSA HAAeXKHOCTH TEIJIOBHIX
HacocOB. PHiHOK B TedeHHe AJNHUTENbHOIO BPEMEHH He MOT ONPaBHThCS
nocjie cepHu ny6JaMKalii 0 MOJOMKax KOMMOHEHT, yTo 0co0eHHO Mpo-
spudoch B CIIIA B BHIe CHHXKeHHs TNpPOAAXH TEIVIOBHX HaCOCOB
B konue 60-x romos. Ilocnennue uccaenosanus [10] nokaswBaltor, 4To
HaunHasa ¢ 1968 r. HHTEHCHBHOCTL NMOJIOMOK KOMIIOHEHT HEYKJOHHO
CHHIKaeTCs.

B npoMbliieHHOM CeKTOpe KapTHHA MHaf., 3lech Oosbliee IHCIO
9acoB HCIOJIb30BaHHA B IOAY H GoJiee BHICOKOE KaueCTBO BCIOMOTa-
TeJIbHOTO OGODYAOBAHHA, YeM B AOMaUIHHX yciaoBHaX. OCHOBHOe 3Ha-
gyeHHe mpuHoOperaeT XHMHYECKoe Bo3leficTBHe Ha oGopyAoBauue. Tel-
J00GMEHHHKH CaellyeT NMepHOAHYECKH IOJABEPraTh PEBH3HH H OUHIIATH.
O6pa3nsl Macja Heo6XOAHUMO OTIPABJATh HAa aHAJU3 JJIs ONpeAeseHHs
NPOAYKTOB DPa3JOXKeHHs XJaJoareHta HJAH MeXaHHYecKHX paspyue-
Hufi. Boo6lie MOXKHO OTMeTHTB, 4TO JI000€ IporpeccHpyioliiee Hapy-
HIeHHe IIpexJe Bcero mpossiser cebs B Mache, KoTopoe AeHCTBYeT
KaK XOpOIKf HHAKNKATOP HOPMaJJabHOH paGoTH.

Uro6pl KOHKYPHPOBaTh C OTHEBHMH KOTeJbHBIMH, TEIJIOBOH HacoC
HOJXeH OHITb paccuuTaH Ha 25—30 Jer skcnayaranuu., Takoii pecype
NpH NpHeMJeMOf HaleXHOCTH TpebyeT TUIATEJILHOIO KOHCTPYHDPOBaA-
HHA KaK OCHOBHBIX, TaK H BCIIOMOTAaTeJbHHX 3JeMEHTOB YCTAaHOBKH.

Fnasa 5

TEMNOBBLIE HACOCHI B JOMALUHEM
TEMNOCHABXXEHUM

Hamu6oaee mupokoe nprMeHeHHe TellJIOBOH Hacoc Ha-
HieJ B AOMAlIHEM TEMJIOCHAGXKEHHH W KOHIHIMOHHPOBAHHH BO3JAYXa,
B oco6ennoctu B CHIA, 11e Tpe6yeTcss KpyryoroinuHoe KOHAHIUOHHPO-
BaHHe: OXJIaXK/leHHe B JeTHHe MeCslibl H Harpes B 3uMHHe. Pepepcus-
HH# TeIIOBOH Hacoc, peliaoinil obe 3aiauH, BHNyckaercs yxKe 30 Jer
U ABJASETCHA SKOHOMHYHLIM H HaJdeXHBIM.

B Espone, rae KInMaTHYeCKHe YCJIOBHS TaKOBH, 4TO, MO Kpafineil
Mepe, AJ5 HHAHBHAYAJbHBIX 3[aHHH KPYIJOTrOAHYHOE KOHAHLIHOHHPOBA-
HHe He HYXHO, 60J/ee NepCrneKTHBHOM cHCTEMOH sBAsSETCS ONHOHENeBOi
TeNnJ0BOH Hacoc. B cpaBHeHHH ¢ OGBIYHBIMH CHCTEMAMH IEHTPaJbHOTO
OTOIVIEHHS €0 CTOHMOCTb H 3KCIJIyaTallHOHHble PAaCXOABl HAXOAATCA Ha
npueMJyeMoM yposHe. QIHAKO N0 HACTOSIIEr0 BPEMEHH H3-3a CAEPHKH-
BaKIIHX S5KOHOMHUYECKHUX (PAaKTOPOB H OTCYTCTBHA NMPHIroAHOro 060pyAo-
BaHHA KX KoJuyectBo B EBpone Gusio ouens Mano, Torxa kax 8 CIIA
YHCA0 AOMAUIHHUX TEJIOBLIX HACOCOB 60Jiee MUJJIHOHA.
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B 3t0fi rs1aBe ONUCHIBAaeTCs] NPHMEHEHHe TEIVIOBHX HACOCOB B XKH-
JBIX 3JlaHHAX, JAI0TCH NPHUMEPH YCINEUIHOH YCTAHOBKH HMEIOIUXCS B
IpojaXKe arperaToB, a TakXe o6CYXKAalOTCs BO3MOMKHOCTH JAaJbHeflle-
I'0 pasBHTHA.

5.1. POJIb AOMALUHMX TEMJNIOBBIX HACOCOB

TensoBele HacoCH B HHAMBHAYAJbHBIX XKHJBIX AOMAX JOJKHBLI BHI-
noaHATh GYHKIHH, 32BHCAILNNE OT MECTHBHIX KJIHMAaTHUECKHX YCJIOBH.
B cuay BHICOKO# cTOMMOCTH 000pYyAOBaHHA yeM GoJbiie GYHKUHE Bhl-
TOJIHAETCS, TEM Jyullle.

IlepBuunas sHepPrUs 3aTpPavyHBAETCHA Ha OTOINIEHHE, BO3LYLIHOe KOH-
JMIHOHHPOBaHHe (TaM, Tle OHO HeoOXOIHMO) M ropsuee BojxocHabxe-
nue. [ToMEMO 3TOr0, 3HEPTHS 3aTpaydBaeTcs Ha JOMalllHHe XOJIOAHJb-
HHKH AJISl XpPaHeHHs NMPOJAYKTOB MHUTAHHUS, a TaKXe MJS NPHTOTOBJIECHHS
MHIUIH, OCBellleHHe U ApP. ArperHpoBaHHBIA TEmIOBOH Hacoc AOJNKeH
o6ecneynBaTh OTOIJIEHHE H KOHZHIHOHUDOBAaHHKE BO3IyXa COBMECTHO C
YACTHYHEIM NPHMEHEHHEM JOMNOJHUTENbHBIX HarpeBareseil, Koraa 3Toro
TpebyeT moroja M AONYCKAIOT 3KOHOMHYECKHe yCJaoBHs. KedaTenbHO
TaKXe HCNOJb30BaTh TEIVIOBOH Hacoc, XOTs Obl YaCTHYHO, AJs JoMall-
Hero ropsidero sojocHaGxenus. TemnoBolt Hacoc MOXKeET BBINOJHATD
TakXe H OYHKOUH XOJOAHJABHHMKA, IOCKOJBbKY, KaK YKa3wBaJoCh BO
BBEICHHH, OHH B TpPHHIHNe HAeHTHUHB. Ho goMaWIHHH XOJOXHJABHUK
molHocThI0 0kos10 0,5 kBT, BriOUas K riyfoKoe oXJMaxkKIeHHE, He NaeT
BO3MOKHOCTH HCIOJIb30BaTh cO6pachiBaeMOe HM B KOHAEHCATOpe TEIJIO
B CyllecTBeHHBIX Macuitabax. OfHako B OOlIEeCTBEHHBIX 3JaHHAX H
B NIPOMBILIJIEHHOCTH, KaK 6ydeT moka3aHo jaJjee, KOMOHHHDOBaHHOe
OXJlaXK/leHHe W HarpeBaHHe AAaeT 3aMETHBLIH 3KOHOMHUecKHH 3¢ deKT.

5.1.1. OTONAEHME

TenyioBoli Hacoc MOMXKeT HCINOJbL30BATh Pa3jiHYHBIe HCTOYHHKH HH3-
KONOTEHIHAJBbHOI'O TEMJIa, OTAAaBas €ro B KOHIAEHCATOpPe IPH NOBHILIEH-
HOH TeMIlepaType MOTOKY rasa, XKHUJAKOCTH HJIH TEIJIOBOMY aKKyMyJsf-
TODY, XKHAKOMY HJH TBepAoMY. B GoJIbUIHHCTBe CJIyYaeB HCIOJb3YeTCS
BOJASHAS CHCTEeMa LIEHTPAJbHOTO OTOILVIEHHS, B KOTOPOH ropsias BOAa
HUPKYJUPYET K PagHaropaM B KaXJoH KOMHAaTe, HIH BO3/yUIHas CH-
CTeMa OTOIJIEHHA, B KOTOPOH HAarperhlii BO3AyX MNOAaeTCA K KaXKIOH
KoMHaTe no Kananam. LIupoxo npHMeHsIOTCA TaKHe KOMHATHBIE Harpe-
BaTeJHU: PAAHATODPHI, aKKYMYJSHHOHHEE YCTAaHOBKH W KOHBEKTODHl KaK
IOMOJHHTENbHble HCTOUHHKH TelJia. TeMmIeparypa B CHCTeMax paclpe-
IelleHHsl Telsa uaMensierca ot 40 pas Bosaymmbix cucrem xo 100°C
B BOASHBIX WJIH NMapoOBHX CHCTeMaX. THNMHYHAS TeMIepaTypa BOAbl OKO-
a0 75° C.

ITockosbKy 3¢ (eKTHBHOCTbL TeIJIOBOTO HAcoca CHJIbHO 3aBHCHT OT
TEMINePAaTyPbl KOHAEHCAIHH, MHOTOKPATHO II0JYe€PKHBAJOCh, 4TO AJS
TeIVIOBBIX HACOCOB XKeJdaTeJbHO CHHXKEHHe TeMIlepaTyphbl paclpepede-.
Hus tenya. OueBHAHO, YTO MPH yBeJHYEHHH NOBEPXHOCTH Teloo6MeHa,
HanpuMep ¢ NMOMOLIbIO MaHedeH B MOJaX, CTAHeT NPHTrOAHON TeMIepa-
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typa 50° C. [ToBbimeHHe pacxona NHPKYAHPYIOLWIEro BO3AyXa NO3BOISET
CHH3UTDb ero Temnepatypy zo 35° C. IlpakTHueckas peannsanus 3THX
TeHJEHIMHA B HOBBIX 3JaHHSX CMOMXKET PAAMKaJbHO M3MEHHTb OTHOLIE-
HHE K TEIVIOBHIM HacOCaM.

CHCTeMBl LeHTPAJbHOTO OTOMJIEHHS OGBYHOIO THNA ¢ KOTEJIbHBIMH
BHYTPH 31aHHs 00eCNeYHBAIOT U BCe AOMalllHee ropsiyee BOIOCHaGKe-
HHe. DTO OOCTOATENBCTBO CJAELYET "YUHTHBATH NPH KOHCTPYHPOBAHUH
TeIVIOBBIX HacocoB. OnHako otomienne Tpebyer GOJbUIMX 3aTpaT SHep-
THH, YeM Topsvyee BOJOCHAGXeHHe, H B AHIVIHE OHH COOTHOCSTCS KaK
60—65 u 20% [11.

B AHrimu u ApYrHX eBpomeiicKHX cTpaHax HanGosee pacnpocrpa-
HeHa BOJASIHAsl CHCTeMa OTOIVIEHHS, HO TaM, rie TpeGyercss KPYIVIOro-
AMYHOEe KOHIHUIHOHHPOBaHHe, NMPHMEHSETCA paclpeesieHHe HarPeToro
HJIH OXJIQXJEHHOTO Bo3Jyxa. Bo3ayirHas cucTema Xopolla JIJs BHOBb
CTPOSILINXCA 3/aHHH, HO NIPH PEKOHCTPYKIMH OHA CJOXKHee, 4eM BOJs-
Hafd, TAe HCNOJNb3YIOTCA TPYOH He6GoJblIoro AHaMerpa A MOXAYH BO-
AH oT KoT/ia. BospymHas cucrema Tpe6yeT KaHajqo0B GOJBLIOro cede-
HHSA, KOTOPHE TPYAHO YCTAaHABJHBATh B CYLIECTBYIOLIHX 3XaHHAX.

Kak oronnrenbroe ycrpoficTBo Tema1oBof Hacoc He 0653aTENbHO
JOJ/KEH CHYXHTh LEHTDAJNN30BaHHOM cHCTeMo#, o6cayxKupawueli He-
CKOJIbKO KOMHaT. BrosiHe MOTYT GHTH yCTaHOBJIEHW HHAMBHAYaJbHEHE
KOHAHIHOHEPH B KaXJ0H KOMHaTe CO CBOHM KOMIPECCOPOM H KOHIEH-
CaTOPOM, BHEIIHUM HJIM BHYTPEHHHM HCTOYHHKOM TeIula JJs HCIapHuTe-
as. B o6uieM, TenoBse Hacoch cnocoGHE KOHKYPHPOBATH ¢ GOJbIIMH-
CTBOM OGBIYHBIX CHCTEM OTOIVIEHHS M KOHAHIHOHHPOBAHHS.

5.1.2. TOPSYEE BOAOCHABXEHME

TlomuMo oTONNEHHA H KOHZUUHOHHPOBAHUSA BaXHo# (GyHKUHeH Ten-
JIOBOTO Hacoca, ONpefessiollell ero NPHMEHHMOCTb, ABJSETCA ropauee
BOAOCHAGXKeHHUE.

B GoabliHHCTBe OTYETOB 06 HCCAEHAOBAHUSX POJH TEIVIOBBIX HACOCOB
B 6yayllieM OCHOBHLEIM CUHTAaETCS OTOINIEHHE, MO KpafiHelt Mepe nus ye-
JgoBui Auramu. D10 yrBepxkAaercs B pabore {2], Ho onHOBpeMeHHO OT-
MeyaeTcs, YTO ropsyee BoAOCHaGKeHHe H BOCCTaHOBJIEHHe Tellsla CTa-
HOBSITCA Bce 0oJiee BaXHBIMU [0 Mepe POCTa TeHAEHUWH K CTPOHTENb-
CTBY MAJIO9HEPIOEMKHX JIOMOB M <MOJHOCTBIO HHTETPHPOBAHHHIX CH-
cTeM» *, OCHOBaHHBIX Ha TEIMOBHX Hacocax. [IpuMep moxo6Horo AoMa
KoHcTpykuuu ¢upmul Philips npusenen nuxe B 3T0# ruase.

Onrako npu 3TOM BHNaJaeT H3 BHAy OCHOBHasg mnpoGiema — MpH-
MeHeHHe TeNJIOBHIX HAacOCOB B YXe CYLIeCTBYIOUIUX 3AaHHUSAX, Npobiema
3aMeHBl OIHOH YCTaHOBKH, Jaiollell OAHOBPEMEHHO H ropsiee BOJO-
cHaOXeHHe (HeHTPaJbHOH KOTeJNbHOM), TeNJOBHM HACOCOM, CIOCOOHRIM
TaKXe OJHOBPEMEHHO pewaTtbh 06e 3agaun. Kak 6yaer nokasaHo HHXKe,
3ta npobJeMa CBS3aHA ¢ 3KOHOMHYHOCTHIO HCIOJb30BAHHA HH3KOTEM-

* Tepmun sfully integrated» ewe He Hamen agekBaTHOro BHPaXKeHHS B OTEUECT-
BEHHOH JuTeparype. HiMeloTcs B BHAY XXUJHILA C MOJHHM HCNONL30OBAHHEM He TOJIBKO
cOpocHOro Temaa, HO W KHUAKHX CTOKOB C MaKCHMaJbHON MX OuHCTKOf. — [Tpum. nep.
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NepaTypHOro BHEHIHEro TEeIUIOBOTO HCTOYHHKA [JIsl MOJIYYeHHs ropsueH
BOJBI BHICOKOH TeMIepaTypH.

BLicoKas cTOHMOCTD JIEKTPOIHEPTHH NPENATCTBYET ee NPHMEHEHHIO
B LIHPOKHX Macluitabax AJas NHKOBOrO HAarpesa, H B GOJLUIIHHCTBe CJY-
yaeB OTONHTEJbHAf cHCTeMa BKJAIOYaeT TaHAeM — TEIVIOBOH HAacoC H
KoTes Ha opranndeckoM tomnuse. Ilpu atoM tennoBoil Hacoc naer Bo-

Ay, HarpeTyio 10 HeoOXOAHMOH TeMnepaTypHl.
5.1.3. OXJIAXXAEHME. BOCCTAHOBAEHME TENSIA

Kak yxe oTMeuanoch, MoJe3Hoe HCIIONb30BAHHE TeNJa OT TEIOBHIX
HAcOCOB, MPHMEHSeMbIX B KayecTBe AOMALIHHX XOJOAHJIbHHKOB, MaJo-
BEPOSITHO H3-32 MaJOH MOLIHOCTH M HH3KOHA TeMIepaTypH HCIapHTEJ.
Unrepecto, uro ewe B 1954 r. B Aursainun nogo6Hast cucremMa 6blyia BINy-
IleHa B Mpojgaxy. Temneparypa ucnapuretss Gpljla HeCKOJIBKO BHIHIE,
YeM Y COBPEMEHHBIX /[OMalIHHX XOJIOAHJBHHKOB, H 3TOT «XOJIOXH/b-
HHK-—HarpeBaTelb» OXJaxAaJ KiafoByio ao 11° C, noxaBas c6pocHoe
TEIJIO [JIsi HarpeBa BOABI B pe3epByape o6bveMoM 136 u1. IIpn obmem
Ko3hduuHeHTe InpeoBpasoBaHuss 3 MOIMHOCTh KoMIpeccopa Oblia
0,4 xBr. CucreMa, no-BHIuMoMy, paGotasa xopoulo, oHa OblJIa OTHece-
Ha K IpeAMeTaM DPOCKOLIH, U IO3TOMY ee IeHa Gblia moBhilleHa [3].

BoccranoBaenne Tensia 06bIYHO CBS3LIBAIOT ¢ MPOMBINIIEHHBIMH NPO-
neccaMu H GonbliuMM 3xaHusMH. Ho MHAMBHAyaJbHBIE 1OMa TaKxKe
c6pacsiBaloT MHOTO Temia. HecMOTps Ha npepHBHBII XapaKrep, Kaxk-
OBl c6poc ropsdell BoJH M3 MOIOLIMX MAaNIHH, BaHH HJH Iylleld MoxXer
CJYKHTb HCTOUHHKOM Telda. B ciyyae KpyrJlorogHYHOro KOHAKUHOHH-
POBaHUSI BO3MOMHO BOCCTAHOBJICHHe COPOCHOIO TelJa YXOASIHX BO3-
AYUIHBIX IIOTOKOB.

5.2. ACTOYHMKM TENNA

B noMalHuX NpHIOKEHHSX TRIVIOBOro Hacoca HauGoJee mpHBJEKa-
TesleH «GeclIaTHBIA» HCTOYHHK Temia AJs co3faHHs KoM(OPTHHX yc-
Jgosufi BHYTpH Aoma. OdeBHAHBIM HMCTOYHHKOM siBasiercs Bo3ayx. OH
0611e0CTYIieH W NMPHBJAeK HauGoJblilee BHHMaHHe B MacCCOBOM NPOH3-
BoZAcTBe. B Tex cayuasix, Korxa AOCTyNHa BOJAa, OHa HMeeT HECKOJIbKO
NPEeHMYIECTS MO CPAaBHEHHIO ¢ BO3AYXOM. AKTHBHO HCCIeLyeTcs HC-
NOJb30BaHUE Tellia TPYHTA, COPOCHOIO Telsa HJH COJHEYHHIX KOJJeK-
TOPOB, K KOTOPHM NposBJseTcs HHTepec U B EBporne u B AMepHKe.

5.2.4. TENNOBLIE HACOCH C MCNONL3OBAHUEM BO3AYXA

HauGoaplilee pacnpocTpaHente OJY4HJIH TEMJIOBblE HACOCH C BO3AY-
XOM B KauecTBe HCTOYHHMKA TeIlJIa C CAMOTO Hauaja HX NPHMEHEHHS B
JOMAIIHUX YCJIOBHAX. B OCHOBHOM BO34yX Ke SBJAACTCA H TEIJIOBBIM
cToKOM. THNMHYHEIA JOMAalIHUH BO3AyX0-BO3NYIIHBIA TEIJIOBOH Hacoc,
MOCTYNHBUIKE B npofaxy B AHraun B 60-e roasl, noxasan Ha puc. 5.1.
HapyxHublit Bo3nyx nporonsercs uepes ope6peHHsle TpyGKH HCIapHTe-
Jisi, BHYTPH KOTOPHIX HHUPKYJIHpYeT pabouee Teso. [logoOHbIM ke o6pa-
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30M TENAO OTBOAUTCS OT KOHIAEHCAaTOpa K BO3AYXY BHYTpH goma. Kak:
H B APYTHX TeMJIOBBIX HACOCAX, BCE€ KOMIOHEHTH MOXKHO co6paTh B OLHH
arperat qn6o cleJaTb YCTAHOBKY pas3jenabHOH, KOrja KOHJAeHCaTop Ha-
XOIHTCSl HAa CYLLLECTBEHHOM PacCTOSTHHH OT HCIapHTesl.

Kak ucrouHuk Temna Bo3ayx objanaer psSAOM HeLOCTATKOB, HO3TO-
My TpebyeTcd TILATeNbHAS ONTHMH3aHH KOHCTPYKHHMH B 3aBHCHMOCTH
OT MeCTa YCTAHOBKH, Ille TeMIIEPaTypa Bo3AyXa MOXKeT OBIThL CYHIECT-
BEHHO Pa3JHYHOMH.

XapaKkTepHCTHKH TemIoBoro Hacoca u B ocobenHocty KOIT ymeHb-
LIAIOTCA 110 Mepe YBedHUeHHS] PA3HOCTH TeMIepaTyp HCnapHTesst H KOH-

5
— i
~B

Puc. 5.1. CxeMa noMallifiero TeIJIOBOr0 Hacoca THIA BO3AYX — BO3AYX.

I — HapyXHBifi BO3AYX; 2 — MCRApHTENb; 3 — ABHTaTeNsp BEHTHAATOPA: 4 — BHIGPOC OXJaXJEHHO-
ro BO3JyXa; & -~ BeHTHAATOD HAaDYIKHOrO BO3AyXa; 6 — KOHIEHCATOD; 7 — XOJOAHBIY BO3AYX H3
KOMHAThl; 8 — peryasrop pacxofa; 9 — ABHraTedb BEHTHAATOpa; J0 — HarpeTHlf BO3AYX B KOM-
HaTy; I/ — BEHTHAATOP BHYTPEHHero BO3AyXa; /2 — ofpaTHble KJAanaHbl; /3 — KaNHAASp®l, [4—
pacnpenenuTeNbHbll KnanaH; /5 — xjanan pasrpy3kH KOMImpeccopa; /6 — pacnpefejnTesb NOTOKA;
17 — xoMnpeccop.

JeHcaropa. DTO OKa3biBaeT 0COGEHHO He6JarolpusTHOe BJHsIHHe Ha
TeIJIOBBle HACOCHl ¢ BO3AYIIHBIM HCTOUHHKOM Tenda. [lo Mepe cHHXKe-
HHSI TEeMIEPaTyphbl OKPYKAIoLEro Bo3ayxa tpefyeMoe KOJHYECTBO Tefl-
Ja AJsl OTOIVIEHHS TMOBBILIAETCS, HO CMOCOGHOCTh TEMJIOBOFO Hacoca
MOAAEPKUBATh AaXe MOCTOSHHYIO TEMJIOBYIO MOIIHOCTh CYIIeCTBeHHO
cunxaercsi. Ha puc. 5.2 nokasana sasucumocts KOIT o1 Temnepatypsl
okpyxkaiowero Bosayxa [4]. das mpeoponeHns 3Toro HeZocTaTKa pas-
paboTaH psij MEPONPHATHH.

Honoanurenvroui nazpes. CTOMMOCTL TEMJIOBOTO Hacoca ¢ JIO6HM
HCTOUHHKOM TeNJa 3aMeTHO BHIIIe, YeM OOBIYHON HeHTPaNdbHOH KOTelb-
HOit, 10 KpaiiHell Mepe J/if1 YcaAoBHE AHruM u GOJBUIMHCTBA CTPaH EB-
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Puc. 5.2. 3asucumocts KOIl or
TEMIIEPATYPH  OKpYIKalolllero BO3-
AyXa.

5T

5

)

Puc. 5.3. Touka paBHOBecHSI H 1HO-
TNONHHTENbHHI HarpeB Ha jgHar-
paMMe IJ TEIVIOBOTO Hacoca THMa
BO3AYX — BO3AYX.

1 — NPOH3BOAUTENLHOCTD
coca; 2 — TelJIOBble IOTepH
3 — RONOJHHTEeALHLIR Harpes;
GanaHca.

TEMJIOBOro Ha-
3XaHHS,;
4 — TOouKa

“<ax
<<

Puc. 54. IlpuMeHeHHe COJHEUHOTO
HarpeBa BO3/lyXa, BXOJSILEr0 B HC-
NapHTeNb TEMIOBOTO Hacoca.

ponbl. Uem Gosbuiyio [0JI0 NMOKPHIBA-
eT TeNJOBOH HacoC B AOMallHeH Tel-
JIOBOW Harpyske, TeM BEHIlle pa3HHIA
B KaNHTaJIOBJOXEHHSAX, NO3TOMY Tel-
JIOBBI€ HACOCH, KaK NpaBHJIO, PacCyH-
THIBAIOTCS  JIMUIbL HA YacTb [OJOBOH
TEeIJIOBO/ HArpy3KH, a OCTaBIIYIOCS
YacThb jJaeT JONOJHHTEJbHBI Harpe-
BaTe/b, 4Yallle BCEro 3JeKTpHUYECKHH
(8 CIIA) u Ha opraHHyeckoM TOII-
ause (B EBpome). BelGop Mexay HH-
MH omnpefessieTcs COOTHOLIEHHeM Ka-
MHTAJBHBIX H 3KCIMIyaTalUOHHBIX 3a-
Tpar. Ecau TtemsoBoft Hacoc obecrne-
YHBAaeT H BO3AYILIHOE KOHIHIHOHHPO-
BaHHE JETOM, €ro pasMepbl H MOII-
HOCTb MOTYT JAHKTOBAaTbCcA HMEHHO
3THM NPHMeEHEHUEM.

XapaKTepHCTHKH JONOJHHTENbHO-
ro HarpeBa AJisl JOMAIUHHX TENJOBBIX
HacocoB NokasaHbl Ha puc. 5.3. I'pa-
(HKH DOCTpOEHBl JJisi TENJOBOIC Ha-
coca BO3AYX—BO3JAYyX, BHITYCKaeMOTO
dupmoit General Electric, 8 CIIA.
U3 rpaduka BHAHO, UYTO JAONOJHH-
TeJbHBIH HarpeB TpebyeTcs, Koraa
TeMIepaTypa OKpYKaIoIero BO3AyXa
najer HiXKe HyJs, NPH 3TOM TeIlJo-
Bble MOTEPH 3JlaHUS NPEBOCXOUAT Tell-
JIOBYI0O MOIIHOCTb Hacoca. JJasi nmoBbl-
IIeHHs] 3KOHOMHYecKoH 3¢h¢deKTHBHO-
CTH CHCTEMBl BKJIOUeHHe JONOJHH-
TeJbHOr0 HarpeBaresisi, B JaHHOM CJy-
yae 3JIEeKTPHUECKOTO, PeKOMeHIyeTcs
TOJILKO TOIJla, KOorja TelJIOBOH Hacoc
He MOMKeT IOKPHTb HOJHYI0 Ha-
IPY3KY.

Han6onee spdexTuBHEIM cnocob6om
yIpaBJeHHS JONMOJHUTEJbHBIM Harpe-
BaHHeM  SBJISIIOTCH  BHYTPeHHHH H
BHelIHHH TepMocTaThl. BHyTpeHHHH
TEPMOCTAT HMeeT ABe CTYNeHH, H3 HHX
nepBasi ynpaBjsieT TOJBKO TeNJOBLIM
HacocoM. Bropas cryneHb ympasJe-
HHS CBsi3aHa C BHEUIHHM TePMOCTAaTOM
H BKJIOYaeT [JONOJHHTEJIbHOE Harpe-
BaHHEe TOJIbKO TOTA4, KOTJa OKpyXalo-
1mas TeMOeparypa najaer HHxkKe TOY-
KH 6GajnaHca.
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Heppocrayua. B nomoiHeHue K oO6CYyXIeHHIO HedpOCTalHH B
pasz. 4.5 6blaK pacCMOTPEHHl ABa HHTEPECHBIX HccenoBadus [5, 6].

Hcnonb3oBaHHe COMHEUYHO! SHEPrHH KaK HCTOYHHKA Tela ¢ TMOMO-
LIbIO COJIHEYHOTO KOJIJIEKTOpa o0CyKAaeTcs HIXKe, HO OJHY HHTEPECHYIO
Hlelo, OTHOCAIWYIOCs K Jdedppocrannuu [8], mokaxkem Ha puc. 5.4. Okpy-
}Kawuuil Bo3yX NPOXOAHT Ha yepllaK AOMa B IPOCTPAHCTBO MOJ KPH-
weidl, Koropast Harpesaercsi cojiHueM. Mcnapurens, He HokasaHHHA Ha
PHCYHKE, CMOHTHPOBAH MOJA BepXxHel Toukol KpolmH. OcTaTOYHHI Ha-
I'PeB KOHCTPYKIHH KPBILIH MOBbILAeT 3(pGeKTUBHOCTh 3TOH CHCTeMB H
B TOT NEepPHOJ BPeMeHH, KOTJa HeT NpPsSMOro COMHEYHOro HArpesa, 4To
MHHHMH3HPYeT HeoOXOAHMOCTh B HHKJAAaX aedpocTalHiy.

CsogHas Taba. 5.1 OTHOCHTENBHBIX AOCTOHHCTB M HEAOCTATKOB OC-
HOBHBIX HCTOYHHKOB TeIJjia AJs AOMAaUIHHX TEMJOBBIX HACOCOB, IPEHMY-
mectsenHo s yeaosuii CIIA, saumcrBoBana u3 pa6ors [7]. Kak or-
MeuaJoch paHee, OCHOBHOH HeJOCTATOK BO3AYyXa COCTOMT B CHHXKEHHH
BO3MOXHOCTH MOJIYYeHHS TeIvla OT BO3AyXa NpH BO3pacTaHuu norpel-
HocTell, OAHAKO O6IEeJOCTYNHOCTh HCTOUYHHKA KOMIIEHCHPYET 3TOT Helo-
CTaToK.

5.2.2. BOlA KAK MCTOUYHMK TENMNA

Ha mupoBom pHHKe HMeeTC 3HAYHTEJIbHOE KOJHYECTBO TEMNAOBBIX
HAcoCOB ¢ BOASIHHIM HCTOYHHKOM TEMNJIa, BKJIOYAsi H MOJAENH U AOMalll-
Hero npuMeHeHusi. Hexoroprle us uux an6o HeyROGHH, JHGO upe3Mep-
HO JIOPOTH, YTO 3aBHCUT OT OCOGEHHOCTeH HCTOYHHKA BOAH H ee TemIo-
coiepXKaHul.

Bozna pasinYHBIX HCTOYHHKOB, HMEIOLHXCS B ropojax, Ha NepBbIH
B3MISiA NpPeICTaBAseTCS HAeaJbHHM HCTOYHMKOM TenJa, TaK KaK OHA
MOCTYNaeT HempepblBHO H HMeeT Temnepatypy 4—12° C, 1. e. HHKorza
He Majalollyl0 HHXe TOYKH 3aMep3aHus. OJHAKO B HHAYCTPHATH30BaH-
HOM OOIIEeCTBe BO/la HEMPEPHBHO AOPOXKAET, H CTOHMOCTh NpHMeHeHHs
Takoil BOABl B TEIJIOBBIX HACOCAaX UPe3MEePHO BhICOKa. ApTesnaHcKas
BOZA HMeeT NOYTH MOCTOSIHHYIO TeMIepaTypy, npumepto ot 10° C B ce-
BepHbIX o6aactax go 15° C s6ausu skBaTtopa. Ho sta Boaa craHoBHTCH
Bce GoJiee Ae(UUUTHOH, MOCKOJBLKY Y Hee eCTh MHOTO INoTpebGHTeNeH.
Boxa HH3KOrO KauecTBa H3 CKBAaXHH JaeT OTJOXKEHHS M KOPPO3HIO
B TemaooOMeHHHKaX. [lonydyenre BOABI H3 CKBaKHHH TpeGyeT OGYypeHHS
U 3HAYUTENBHOIO KoJMH4ecTBa Tpy6GonpoBonoB. TpebyioTcs nepeKaunBa-
I0lllHe HAcoCH, a TakXe pelleHHe npobJjemMH c6poca BOAHW mocje TOTO,
KaK OHa TpoiiieT uepes TenaI000MeHHHK *.

Bozna oTKpHITHIX MOBEPXHOCTHBIX BOLOEMOB, TAKHX KakK 03epa, MOps
H PEeKH, TaKXe MOXET CAYXKHTb HCTOUHHKOM Temia. OHa npHMeHsieTcs
BO MHOTHX YCTAHOBKAaX KaK JKHJBIX, TAK H oOliecTBeHHBIX 3xanuit. Of-
HaKO 37eCb MOTYT BCTPETHTHCS TPYAHOCTH, NOAOGHHE HCNOJb30BAHHIO
BO3Zyxa 3uMoi. B ucnaputenr mnocrynmaer Boaa ¢ TemnepaTypoii 6—

* TleccumucTHYECKOE OTHOLIEHHE ABTOPOB K HCNOJB3OBaHHIO NMOA3EMHOA BOAH
He MOATBEPKIAETCH COBPeMeHHbIM IOBHIIEHHEM HHTepeca K 3TOMY BONPOCY H BH-
XOAOM CNEHHAJbHOrO KypHana. — ITpus. nep.
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Tab6aniwa 5.1. ConocraBjeHue pa3jHUHbIX HCTOYHHKOB HH3KOMOTEHLHAJbHOrO

XapakTepucTHKA Topoackoit
%cquﬂxa Boanyx BOII%HPOBO}I Hoxsemnas soxa
Knaccuduxauus [NepBuunbiit IepBHuHBIA uaH | [TepBrunbiit
HCTOUHHKA JOTMOJHHTENbHBIA
Crok Temia Xopounit Xopouu# Xopounit
Jocrynsocts mo | [ToBcemectHo T'opona Heonpenenenunasn
pa3sMeuleHHIO
Hoctynaocts 1O HenpepeiBHas Henpepuisnast, 3a] HenpepuBnas mno
BpeMeHH HCKJIIOYeHHeM  JIO- | rpadHKy  MORAuH
KaJbHBIX ~ OrpaHH- | BOAB
YeHHH

Kanuraabhbie 3a-

TpaTH

3kcryaTauHOHHbE
H3AEPKKH

Temmneparypa (ypo-
BeHb)

Temneparypa (us-
MeHeHHe)

OnHT KOHCTPYHpO-
BaHHUS

Pa3smepn 06opyno-
BaHHA

Ipurogsocts ans
NPOH3BOACTBA

Kakyue HCTOYHHKH
JIOMOJHAET
IpoGaemn peasnu-
3aluy

Huskne, Huxe
rPYHTa M BOASHBIX
HCTOYHHKOB, Kpome
TOPOACKHX

OTHOCHTENBHO HH3-
KHe

BaaronpusatHei
AJIf CTpaH Ha IWH-
pote CIIA

CHJibHOE

O6bluHO  gOCTATOY-
HBI

Cpeasee
OTnHYHasA, MOKHO
co6paTb H HCIH-

TaTb Ha 3aBOAEC

Haumenbumas Tem-
JIOTIPOH3BOAHTEIb-
HOCTb NIPH  HaH-
Goablieft  morpe6-
HOCTH B Tellle.
Hedpocrauus Tpe-
6yeT ROMOJHHTEJD-
HOH MOIIHOCTH H
HCTOYHHKOB  TeIJIa.
Moryr TpeGoBaTh-
¢s paboTel IO Ipo-
KJagxe  BO3AYXO-
TIPOBOJOB

OOHYHO HaHMEHDb-
wne

OG6biuHO  Hemomy-
cTHMO GOoJblIHE

O6blyHO yAOBJIET-
BOPHTEJIbHBI

HUsmenserca B 3a-
BHCHMOCTH OT Me-
cta (4—10°C)

O6BIYHO JOCTATOU-
HbIf

Meunxkoe

Otnnunas

Boaayx, rpysT

Pasmepsl Tem1006-
MEeHHHKOB. MecTHble
OrpaHHYeHHR IpH
HeJOCTaTKe  BOAH.
Temnepatypa  Bo-
OBl  MOXKeT CTaTh
CJHIUKOM  HH3KOH,
4To6Bl NMPOROJKATD
H3BJIeYeHHe Temsa
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Hamensores  co
CTOHMOCTbIO Gype-
HHUSA

OT HH3KHX [0
CpenHHuX
YrnoBaersopHTeb-
HBIR

Cnaboe

OG6BYHO A0CTaTOY-
HBIH

Menkoe (3a He-
KaoyenuemM  Gy-
PHABHOLO)
Orinynas

Kopposua u oto-
JEeHHS Ha [OBepX-
HOCTAIX TemJIooGMe-
Ha. C6poc BOANW
TpeGyeT BTOpOH
ckBaxnHn. Cocras
H TeMmIeparypa BO-
AR OOBIYHO  HEH3-
BecTHH 10 Oype-
Hust. CKBaxHHA
MOKeT OKa3aTbCsH
6e3BogHOMN




Tengaa

OTKpbLITHIE BOLOEMbI

COpocHast BoRa

I'pyHt

ConHtiie

IepBrunuiil HAH 1O-
MOJIHUTENbHBIH

Xopowu#
Penkas

HenpeptiBHas

Huskue

OTHOCHTEJILHO HH3-

KHe

Y a0BeTBOpHTEIb-
HBIH

Cpennee

O6BYHO ZOCTATOY-
HbIA

Menkoe

Ortaununas

OT1a0KeHHS, KOPPO-
3usi H ofpacraHue
BOJLOPOCAAMH

[MepBuunblil uan f0-
TTOJIHHTEJIbHBLH

3aBHCHT OT gebHTa

OrpaHHueHHas

[epemenHHIft

pe-
KHM :

IlepemeHHbIe

Huskue

OGBYHO JOCTAaTOY-
HBIH

O6bIYHO yMepeHHOe

JocTaTouHBIR, ecaH
ne6UT H  TeMmIepa-
Typa [OCTOSHHBI

Pasnnunoe (06biu-
HO yMepeHHOe)

[1noxas

Kopposus u  o1J0-
wenus. Henocra-
TOYHHI pacxoj BO-
au.  Heo6xonu-

MOCTb  HHJIHBHAY-
aJbHOTO MPOEKTH-
poBanusf. Omac-

HOCTb 3aMep3aHHs
BOIB
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IlepBUYHBIA HAH RO-
MOAHHTENbHBIH

O6LIYHO MIIOXOH

O6utupHas

Henpepuisras, Tem-
nepatypa  CHHXa-
ercsl MO Mepe 0T6O-
pa Temra

Doabmue

YMepenHbie

Buayane — nocra-
TOYHHIA, NMajgaeTr 1o
Mepe OTAayH Temia

CunbHOE, HO MeHb-
e, 4eM Y BO3AyXa

Hepocrarounstit

Meaxkoe, 3a HCKJIO-
YeHHEM MOJA3EMHBIX
TeNJNO06OMEHHUKOB

Ilnoxas

OrpaHHYeHO MeCT-
HBIMH  TeoJIorHYe-
CKHMH H KJIHMaTH-
YECKHMH  YCJIOBHS-
mu. CrouMmocTb
TPYAHO  OUEHHTb.
Tpebyerca  mwio-
WaAb, TPYAHO YCT-
paHsATb TeuH

JlonosHHTeAbHH it

MoOXHO HCHOJB30-
Bath Ajs cbpoca
TelJa B BO3AYX

IToBcemecTHas

TIpepuiBHCTaA H
HeolpeleseHHas

Boabiine

Eme
HblE,

HE HpDOBEpeH-
Ipennoxens
KaK  JIONOJIHEHHe
AR CHHXKEHHS
9KCINTYyaTALHOHHBIX
H3AepKeK

O1nugHBIA

CusbHOe

[MpaxTHyeckH oCBO-
eH

Hocrynkoe ans pa-
Jfa paioHOB

Ilnoxas

Tpebyer akkymy-
JIIPOBaHHA Ha CTO-
poHe HCIapuTens
HJIH KOHAeHCaTopa



7° C, Ho 4TOGBI OHA He 3aMep3aJia, ee He CJeAyeT OXJaXKAaTh 40 TeMIle-
patypnt, 6auskoit Kk 0° C. TIpu noBblIeHHn pacxojpa BOIbl Hepemap ee
TeMIlepaTyp B HCIOApHTeNe MOXKHO MNOAAEPKHBATHL HA yposHe 1—2°C,
Bona xak HCTOYHHK TellJia HCNOJIb30BaHa B O4HOM 3 paHHHUX KOHCTPYK-
uui [9] BnosHe ycnelHo,

Cna6o narperas BoLa Kak HCTOYHHK Tellia GoJiee npuBJeKaTeNbHa.
HaJiee B 3T0fi ri1aBe paccMaTpHBaeTCs NIpUMeHeHHe ¢1abOHATpeTHIX CTO-
KOB OT MOIIUMX MAIuHH ¥ BaHH. CONHEeYHAst 3SHEPrHS TaKKe MOXKET
O6bITh HCNOJIB30BaHA B TEIJOBBIX
Hacocax ¢ BOJSHbBIM HCTOYHHKOM
Tenja (CM. HHXKe).

C6pocHas Bojia TENJIOBBIX 3JIEKT-
TPHYECKHX CTaHUHi NpHBJeKaja
BHHMaHHE M KaK HCTOYHHK TemJa
AJs TensoBbix Hacocos [10]. B pac-
CMOTpPEHHH psfla CXeM, CBa3aHHBIX
Puc. 5.5. CxeMa obbenutends temno- o ASATEABHOCTBIO KPYIHBIX KOPIO-
BOr0 Hacoca C NpOTHBOfaBjeHueckopp PAUHH, MOJHTHUECKHE MOTHBH 3a-
TypOHHOH AN ueHTpasH3oBaHHOro Ten- HacTyIO IMPeBaJJHDYIOT Hal TEXHH-
NocHaGxenns. . YeCKHMH, YTO CAEPKHBAET TEXHHYe-

ckuit mporpecc. B Auruium xomOu-
HHPOBaHHOe NPOH3BOJACTBO TeNJia H 3JIEKTPO3HEPrHH pacCMaTPHBaeT-
€A MHOTHMH JIMIIb KaK NMpeAMeT NOJHTHYeCKHX AeGaToB. TeMm He MeHee
OBIT NpOBelleH PSJ TeXHHYECKHX H 3KOHOMHYeCKHX HccjenoBaHmil. On-
Ho U3 HanboJsiee HHTepecHHX onybankoBaa Koan6ym [11].

Koab6yi npefsiokua HCHONb30BaTh NPOTHBOAABJAEHUECKYIO TYpOH-
Hy I past npuBosa KOMIpeccopa TelJIOBOTO HAcoca 2, HCHOJb3YIOLIero
c6pOCHOe TerIo KOHAeHCauHOHHOM aJjekTpocTaruuu (puc. 5.5). C6poc-
HOe TeIIO BhieNsieTCs B KOHAEHCATOpe 3, KOTOPHI OJHOBpeMeHHO CIIy-
JKHT HCIIAPHTeJIeM TellJIoBOro Hacoca. KoHaeHcaTop TemioBoro Hacoca 4
obecrneynBaeT NepBYIO CTYNeHb Harpena ceTeBoil BoAwl. Bropylo cTyneHs
HarpeBa o0eCneYHBaeT KOHJAEHCATOP NPOTHBOAABJEHYECKOH TYpOUHHL.
Koapbym nokasan gocruxkumocts KOIT=6,6, korna Ha kaXayo TOHHY
COXXKEHHOTO TOMJINBA B CHCTEMY HEHTPAJH30BAHHOTO TellJIOCHAGKEeHHU
NoJaeTCst TEMVIOBOH 3KBHBaJIeHT JBYX ToHH. Ha cxeMme nokasaHBl Takxe
KoTtes 6 n nuratenbHbi# Hacoc 7. [Las TelJIOBOTO Hacoca HCTOYHHK Tel-
Ja umeer 28° C, a nomaBaeMas Boaa 70° C.

Takum o6pasom, aas tennocaabxkeHHs: KUAULL claGoHarperas BOAa
'KaK HCTOYHHK TelJla HCMoJb3yeTcs JHOO B HeGOMbIIHX TEMJIOBLIX HACO-
Cax ¢ COJNIHeYHBIM TOJOTPeBaTeNeM, JHGO B ONHCAHHBIX cXeMaX KPYNHBIX
YCTaHOBOK JAJIA LEHTPAJH30BAHHOTO TemsocHaGxenus. [Togo6HHM ke
06pa3oM KaK HCTOYHHK TellJa MOMKHO HCIOJb30BATb PEUHYIO BOAY HJIH
BOAY APYTHX JOCTYIIHHIX OTKPBHITHIX BOZOEMOB.

5.2.3. TPYHT

C 1950 r. 8 CIIA 6bi10 ycTaHOBJIEHO 3HAYHTENbHOE YHCJAO TEMJO-
BBIX HACOCOB, HCMOJb3YIOIIUX TPYHT B KayecTBe HCTOYHHKA TemJa.
B Texnuyeckoil mewat# nyGJAHKOBANOCh MHOrO (OTOrpaduii GOJBIIHX
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SIM, BHIPHITHIX B NMpHYycade6HbIX cafax. PacnpocTpaHeHo MHeHHe, 4TO
H3MeHeHHe TCMIEPATyphl TPYHTa B TeueHHe rofa HeBeauko. Ha camom
Jlesle, KaK MOKa3aHO Ha pHC. 5.6, H3MeHeHHe TeMIepaTyphl CYIleCTBEHHO,
W JaXe Ha ray6une | M 3uMo#i Temmepartypa NpHOJHKAETCS K HYJIO
[12]. Btu nanusle npuBeaeHs A Bpioccens — B Espone cefruac npo-
SIBJISIETCS] 3HAYUTEJNbHBIA HHTEPEC K HCIOJIb3OBAHHIO TPYHTA B KauecTBC
HCTOYHHKA TenJa.

o
Loc /"\ /] R a ]
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Puc. 5.6. Cesonnas papuanus TeM- Puc. 5.7. KoneGanus TemmepaTypsl NOYBH
nepaTypH NOYBH IO MeCAUaM Ha 1o rayGume H.

ray6une 0,02 n 1 M, H3MepeHHass B

Beabran.

B neckosbko HHOM (OpMe 3TH AaHHBe NPeACTaBJeHH Ha pHc. 5.7,
r/le NOKA3aHA 3aBHCHMOCTb CpefHell aMIIHTYAH TeMIEepaTypH OT IJy-
6HHBI, Ha KOTOpo# npoBedeHH uaMepenus. OTcioga BHAHO, YTO pa3Me-
UleHHe TPpyGOK HCOapHTeNs Ha rJiyGHHe Bcero JHINb 1 M He jaeT BO3-
MOXKHOCTH NOJYYaTh NOCTOSIHHYIO TeMmepatypy. Mcnapuresp B 3T0M
caydae HMeeT GOpMY CepleHTHHA H3 TPYGOK AHaMeTpoM OGHYHO 25 MM,
YJI0XKeHHHX Ha NOCTOSHHOH TIJyOHHe Ha IJIOILAJH B HECKOJIbKO COTEH
KBaJApaTHBIX MeTpoB. C LeJbl0 YMeHbIIEHHs KANHTAJbHBIX 3aTpPaT XKe-
JaTeJBHO pacHojioXeHHe TPYGOK KakK MOXKHO OJHXe K MOBEPXHOCTH.
IToapo6Hoe u3yueHHe rpyHTa KaK HCTOYHHKA Tema, npoBeferHoe B Jla-
uun {13], nokasano cienywouee:

1. TToroHHxbl# TENIOBOH NMOTOK K HCIAPHTENIO H3 TPYHTA COCTaBJSAET
20—25 B1/M. B aTo0il cBsi3n HHTepeCcHO OTMeTHTh GoJbIUOH# pa3bpoc
LAHHBIX pasHuIX Hccaeposateneit. B [14] npuBeneno MuHHMaJbHOE 3HA-
yenne 10 B1/M, Mmakcnmanshoe nas EBponn ykasano s OPI'— 50—
60 Bt/m [15].

2. OnTuMajbHas Iy6HHA W luar pasMelleHust TPYGOK COCTaBJSIOT
coOTBeTCTBEHHO 1,5 u 2 M. B HEKOTOPHIX cilyuasix H3-3a B3aHMHOIO BJIH-
siHus npefen 2 M paciuupsiercs. JlaTckuii oTdeT yKasHBaer, yTo TPYOKH
MOXHO pa3MelllaTh Ha MeHblIeH IayOHHe, HO IPH STOM IIPOH3BOAHTEND-
HOCTb TEIVIOBOLO HAcOCa MOXKeT CHHXKaTbes Ha 5% Ha KaXaHi rpafayc
TIOHHMXKEHHs! TeMIepaTyphl HCIApHTEJS.

3. IToMuMo BapHaHTa MCHApPEHUS] HENOCPeACTBEHHO XJaJoareHTa
MOXHO HCHOJb30BaTh MPOMEKYTOUHHH TEMJOHOCHTENb — PAaccol, LHp+
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Ryaupylotu#t no Tpy6kaM B IpyHTe H OTHAAIOMIKH TEmIo XJAapoareHTy
B ClleHHajbHOM TelooGMenHHKe. CpelHsia TeMOoepaTypa paccoJia 3H-
moii cocrapaser —3° C.

4. Ecau conepXkaHHe BOABl B NOYBE BEIHKO, MOKa3aTedH MOBHIIA-
10TCs 6JaroAaps yBeJHYEHHIO TEIUIONPOBOAHOCTH H XOpPOilleMY KOHTaK-
TY ¢ TpyOKaMu. Bosbiuas KoHUEHTpallsi B MOYBe TIpPaBHs BHI3HIBAET
YXyJllleHHe XapaKTepHCTHK.

5. B Jlannu paccMOTpeHa BO3MOXKHOCTbL IDAMEHEHHS He IOpPH3OH-
TaJbHbIX, @ BePTHKAJABHLIX TPYOOK, KOTOPhlEe MOXKHO HCIIOJNb30BAThL B pe-
JKHMe He TOJIbKO HarpeBa, HO H OXJAaXKAEHHS 3AaHHs JIETOM, Korjga mpH-
MeHSIeTCSl PeBEPCHBHBIHA TeNJ0BO# Hacoc.

B sToM XKe Hecae0BaHUK OGHAPYKEHA M TaKas HHTepecHas AeTallb.
MuHuMyM TemnNepaTyphl TPYHTA BCerjga Bhlllle, 4eM BO3JAyXa, H JOCTH-
raercs AByMsl MecsilaMH No3JHee, KOTia TpebyeMas MOIHOCTh OTOIIe-
HHSI CHHXXaeTcs.

BeprukasnbHble TpyGKH 3aHHMAIOT MeHblIIe MeCTa U MO3BOJISIIOT B He-
KOTOPOM CMHCJ/e HCHOJ/Ib30BaTh TEIVIO, AKKYMYJHPOBAaHHOE B JIeTHHE
MeCsIH, YTO JaeT HM 3KOHOMHYecKue mpenmyuiectBa. Mccaemosanus
[16] BepTKanbHEX U-06pasHblx TPYGOK MOKA3aJH BO3MOXKHOCT 3HAUH-
TEJBHOTO H3BJeyeHHs Temna. [OpPH3OHTANBHBI HCMapHTeNb ¢ IO ALH
150—200 M nosBossier noayyuts 12 kBt Termnia. U-o6pasusie TpyGKH,
pasMellleHHble B CKBaXKHHAX auameTpoM 127 mM u rayGuHoi 8 M, mo-
3BOJIHJH NoJayuuTs 1,2 kBT ToNbKO M3 AByx ckBaxuH. OTcioga BHIHO,
yro U-06pasHble TPYOKH CHHXKAIOT Tpe6yeMyio MOBEPXHOCTb TIPYHTA
B 10—20 pas no cpaBHEHHIO ¢ rOPU3OHTAJILHBIMH.

5.2.4. CONHEYHLIX NOROIPEB

Bce HCTOUHHKH Telsla AJSL TEIJIOBLIX HACOCOB B TOf HJIM MHOH Mepe
TI0/IBepKEeHbl BAUSHHIO COJHEUHONH SHEPTHH, HO ee MOXKHO HCICTh30BaTh
H HENOCPEeACTBEHHO ¢ MOMOLIBIO COMTHEUHBIX KOJJIEKTOPOB C LUPKYJSILEH-
el TemJIOHOCHTeJIsI, IOAOTPeBa BO3AYXA, BXOASILIEr0 B HCHAPHTENb, HIH
¢ MOMOILKIO coHeyHbIX KoHueHnTpatopoB. M B Espone, u B CIHA cucre-
MBl C COJIHEUHBIMH KOJIIEKTOPaMH yiKe ecTh B mpogaxe. CoJiHeuHBle
KOHIEHTPATOPH, MO-BUAUMOMY, OoJiee NMPHTOAHBLl st aOCOpOIHOHHBLIX
TENOBHIX HacocoB (cM. Ti. 2). Oun ellle MaJo0 NPHMEHSIOTCS B AOMalll-
HHX YCJOBHAX, HO CJYXaT IPeIMeTOM 3HAauyHTeJbHOH Hcc/lefoBaTelNb-
ckoit paborsl. [ mojorpeBa reHepatopa B aGcoOpOUHOHHOM IHKJE
Tpe6yioTCcs GoJiee BHICOKHE TEMNEPaTyphl, YeM JOCTHXKHMble OGBIYHBIMH

. IIOCKUMH KosisekTopaMu. OnHako npumeHeHHe a6copOLUHOHHOTO UK
LJIS KOHAMUHOHHPOBAHUS JONYCKaeT HArpeB OT IJOCKHUX KOJJEKTOPOB,
IOCKOJBKY 371eChb JOJKHA GBITH TeMIlepaTypa HHXKe H MOTOMY, YTO OX-
JaXJeHHe BO3AYXa MPOBOJAHTCS JETOM, KaK pa3 TOrAa, KOraa COJIHey-
Has painaluMsa HHTEHCHBHA H TeMIlepaTypa KOJJIEKTOpa NOBLILIEHA.

BMecTe ¢ ApyraMu HCTOUHHKAMH TeIlia AJS TEMJIOBBIX HACOCOB ILUH-
DOKO NPHMEHSAIOT IJIOCKHE KOJJIEKTOPHl, pasMelleHHbie Ha KpblIlaX.
Boo6uie conneunble KOMIEKTOPH HHTEHCHBHO H3y4AlOTCS AJsl NPHMEHe-
HHSA He TOJIBKO C TEMJOBBIMH HAacOCaMH, HO H CAMOCTOATENbHO, a TaKXe
B cxeMax ¢ akkyMmyastopamu Tenja. [locrie/iHie NpeAcCTaBJAAOT HHTe-
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pec H AJA TeIIOBBIX HAaCOCOB K&K HCTOYHHKH TemJa B o6JayHble JHH
HJH HOYBIO.

JlaBaga Tenyio B HCNapuTe/ib OpH TeMiepaType 6oJee BHICOKOH, ueM
OKPY2KAOWHA BO3AYX, CPYHT HJIH BOAA, COJHEUHBble KOJJIEKTODHI MOBLI-
matot KOIT TemoBoro nacoca.

O6BYHO MPOMEXKYTOUHBIH TEMJOHOCHTEIbL — BOAA Hepejaer Temlo
0T KoJJleKTopa K ucnapurtew. Ho moxeT GbITh H NOJHOE cOBMeleHHE
KOJJIEKTOpa ¢ HcnapHaTeneM (pHC. 5.8), rie x/aajgoareHT Hcnapsiercs He-
HOCPeACTBEHHO BHYTPH TPYOOK KoJulekTopa. Jl/s HepeBepCHBHOrO Tell-
JIOBOTO HACOCa MOXKHO HCINOJAb30BATh OOBIUHBIH KOJNIEKTOP ¢ MHHHMAJb-
HO# mopaGoTkoil. Eciii e OH cJYXHT H KaK KOHAEHCATOpP HPH KPYIJo-
TOJHYHOM KOHAMIHOHHDOBAHUH, CJEAYyeT CHATH CTEKJO, NOKpHBaloliee

;N\

AN

Prc. 5.8. ConneuHbllt KOJIEKTOD KaK HC-
MapuTeJp AJs AOMallHero TellJOBOTO Ha-
coca.

! — conHeuHas pagHanusi; 2 -— RONMOJHHUTEAbHbBIH 2 3
HenapuTean, 3 — TenaoBoll Hacoc; 4 — BO3Zyll- .
HbIT KagaJs. ?

KOJIJIEKTOP, ¥ TOrAa Temo 6yaer 3¢ ¢dexTHBHO pacceHBaTbCs B aTMO-
cepy. Takas koHcTpykuusi paccmartpuBanacs B CIIA p 1955 r. [17].

3a4acTyo TenJio OT COMHEYHOIO KOJIJIEKTOPA I0AAeTCs B AKHAKOCTHHIH
TEMJIOBOH aKKyMyJsATOp, KyAa NOrpyxkKeHbl TpyOKH ucnaputeds. Cxe-
Ma TaKOH ycTaHOBKH NMoKasaHa Ha pHc. 5.9. 3llecs TeMnepaTypa TenJo-
BOTO aKKYMYJSTOpA NOLAEPKHBACTCS COMHEYHBIM KoJIekTopoM. Temo-
BOH Hacoc uMmeeT ABa Hcnapureas. OfuH M3 HUX — OOBIYHHI HcHapH-
TeJb, OOAYBAaeMblll OKPYXKAIOIIUM BO3/LYXOM H BKJIOYAeMBIH B TeX CJay-
yasx, KOTAa OKpyXKalolias teMiepaTtypa AoCTaToyHo Beauka. Ero rtak-
JKe MOXKHO HCIOOJb30BATh KaK KOHAEHCATOP IIPH pPEeBEPCHPOBAHHH
pexxuMa. TemnoBo# aKKyMyJasTop, MAaloliMi 3SHEPrHI0 Ha HCIapeHHe,
KOT/la OKpYKalollas TeMIepaTypa CJAHIIKOM HH3Ka, BBINOJHAET H BTO-
pyio dyHKuUIO — ropsyee ogocHabxkenue [18]. )

B nesom cxema puc. 5.9 — ofHH u3 NPHMEPOB MHOTOYHCJIEHHBIX
NpeJJIOKEeHH 0 A0MaxX ¢ MHHHMAJIbHBIM 110TpebaeHleM 9HEPTHH, 4acTh
H3 KOTODBIX Peasii30BaHa ¥ HAXOAHTCA Ha HcOBITaHHAX. PaKTHUecKH
JOM HCTOJb3YeT TPH TeIIOBBIX Hacoca: OAHH AJIs Nepedayl Tenaa ¢ no-
BHIIIeHHEM TeMIIepaTyphl OT COJHEUHOrO KOJJIEKTOpa K aKKyMYJATOpY,
BTOPOH — OT aKKYMYJSITOPa K CHCTeMe OTOIJIeHHS W TPeTHH — OT aKKy-
MYJSITOpA K CHCTeMe TOPSYEerc BOZOCHAGKeHHS.

OrpanuyeHtsi B IpUMeHEeHUH OObIYHBIX MJIOCKHX COJTHEUHBIX KOJJIEK-
TOPOB HaK/JaABIBAIOTCH MX pa3MepaMu H CTOMMOCThIO. [lomblTKa CHH-
JKeHHsl pasMepa KoJJeKTopa AJsi HarpeBa JXKHIKOCTH C MOMOIIbIO KOH-
IIeHTPaTopa, NPOHJIIOCTPHPOBaHa Ha pHuc. 5.10. B koHCTpyKuHH, NpH-
Mmensemoii B gaome ¢upMmm Philips B AaxeHe, nokasaH MOAYJb
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KOJIJIEKTOPa, COCTOAIINA H3 BAKYYMHPOBAHHOH! CTEKJISIHHOH TpyOKH, mHO-
JIOBHHA BHYTPeHHeH MOBEPXHOCTH KOTOPOH HMeeT oTpakalollee MOKPLI-
THe. BHYTpH TpYyOKH pasMellleHH [ABe YepHble TPYOKH C BOAOI, ZHAMETP
KaXXAoi H3 HHX COCTaBJsIeT YeTBEPTh AHAMETPa CTEKAsiHHOH. B mesnom
KOJIJIEKTOP MOXKHO Ha3BaTh IJOCKHM ¢ OOBIYHHIMH Tpy6KaMH, HO TpaHc-
MOPT TeMmIa K TPyOKaMm NMPOHCXOAHT NMyTeM PajHAalHH, a He TEIJIONpo-
BOAHOCTH. BakyyMHpoBaHne ycTpaHsieT MOTePH 34 CYeT KOHBEKIHH.
OG6paTtHoe oTpaXeHHe yCTPAHACTCS MOKPLITHEM CJOEM OJIOBA WM OKHCH

3
:D Puc. 5.10. Moayas coaseyHoro
e KoHuenrpatopa «Philips» aas
i “ noMa B Aaxene.
1 — sepKajgo; 2 — XHAKHH TeNmNoHO-
4 CHTENb; 3 — TenaomoraouLaiolHe
TPYOKH, NOKDPLITHIE YEePHOH 3SMAanbio.
) g xan |
[\S—— ]
4
3 —
// R
Puc. 5.9. JKCHepHMeHTAJbHLI JOM C IOHH- z ]
KEeHHHM HoTpebGNieHHeM SHEePTHH H COJIHed- 79
HBHIM TeNJOBHM HaCOCOM. 2 % & A
! — HanpaBJicHHe Ha I0T; 2 — COJHEYHAsA Kphima; 3 —
-repuocra*g panuaropa‘;,‘ 4—6—BH;leOBble TEIIOBble Pue. 5.11. 3asucumocts KOIN
HACOCHI; 5§ — TEeImIOBOR Hacoc; 7 — ropsgast BoAa; .
8—cue:cme4u;; 9 — OCHOBHOA 'axxymynmop Tenaa CHCTEMH OT TCMIEpATYprl B aK
Ha 35 %, KyMyJIATOpe Tellnia.

uuaas. B TakoMm kodsiekTope gocturaercss 60Jee BBICOKas TeMIlepaTypa,

. HCKJIOUamInas Hago6HOCTh B MPHMEHeHHH TeIVIOBOroO Hacoca. B nome
Duiunca, HanpuMep, coJHeuHbl Kossiektop (20 M2) coGHpaer B rox
36—44 I'Ix tenna (npu cpeanem KIIM 50%), coxpansemoro B Gake
40 M3 npu TeMnepartype ao 95° C.

TenJsoBoft akKyMyJasTOp HIpaeT CYLIECTBEHHYIO POJb B JIOGOH codl-
HeudHOH TemnyloHacocHOH cucteme. Ha puc. 5.11 nokasano BAHsIHHe TeM-
nepatypul akkymyasaropa Ha KOII [19]. TToapo6uo koHeTpyKuMsa H npH-
MeHeHHe CONHEeUHHX KOJIEKTOPoB obcyxkpalores B pabore [20].

CoJiHeuHBIe KOJJIEKTOPH PAaccMATPHBAIOT TaKXe B COYETAHHH C
rpyHToBbIMH. OfHa M3 MOZOGHHIX cXeM NIpHBEAEHAa Ha pHC. 5.12, rae
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COJIHeUHH KOJIJIEKTOD H TPYHTOBBIH HCHIapHTelb AOMOJHAIOT APYT APY-
ra. Ha puc. 5.13 noxasannl pe3y/ibTaThl pacyeToB, [JalOllHe COOTHOLIe-
HHe MeXJy 3aTpaToil paGoThl H IJIOLXAALI0 FPYHTOBOIO H COJHEYHOIO
KOJIJIEKTOPOB NpH rofosoi Beipabotke 12 260 kBt-4. YcranoBaeno, uto
pasMepHl COJHEUHOI'O KOJJIEKTOPa JOJKHB OHTh 6ojbuie 3 M2 Ha 1 KBT
noTephb Telja xujuuleM. [IpH 3TOM 3aTpaTH Ha KOJJIEKTOD OKYNAKOTCH
NOBHILIEHHEeM XapDaKTepHCTHK cHcTeMhl. IIpH cosiHeuHoM KoJJeKTOpe
naomaabo 30 M? ¢ TpyHTOBHIM HCHApHTENEM, 3aHHMAIOIUHM TOJbKO

- !
- K‘_Zoc |
~a I /
- 4 S 45 UL"
] 5
l 8% i L
0B ! .E} i !
A H S % s 20
2 N S840 3
2 i i § y‘?f SZim
G ‘]
36
i/ 200 400 Fm?
Puc. 5.12. CxemMa Tenyioporo Hacoca Puc. 5.13. 3aBucuMocTb  3seKTpomO-
C OJHOBDEMEHHHM  HCIOJb30OBaHHEM TpeG/eHHs! KOMIpeccopa M HUPKYJSiH-
TEIVIOTH TPYHTA H COJIHLla. OHHOrQ Hacoca OT IVIOLIaAH T'PYHTOBOrO
! — coaHeuHblll KONNEKTOp: 2 — TPYGKH B F 1 conneunoro S KOJINIEKTOPOB.
rpyHre; § — TenoBoR Hacoc; 4 — Gak; 5 —
oM.

100 M2, nocruraercs KOIlI=3,4. D10 BHICOKOe 3HaYeHHE A/ TOMAIIHUX
TeNJIOBBIX HacocoB.-EciH ke HCIONBb30BaTh TONBKO I'PYHTOBOH HCrapH-
Tedb, TO Tpebyerca noBepxHocTb 3eMiaH 300 M2, ¥ npH 3TOM moJyuaeTcs
KOIl=2,7.

TeMm He MeHee oka3aJioch, 4To, HecMOTpss Ha nosuliuenne KOTII, B
3TOM cJyyae 3KOHOMHS TOIUIHBA He OKYIaeT CTOHMOCTH COJHEeUHOTO
KoJsiekTopa. Jpyrue paboThl 10 coJiHEUHHM KoJuekTopam [21] Takxke
MOKA3KBaIOT, YT0 3(PdeKTHBHH TOMBKO KOJNJIEKTOPH OGOJLIIHX pa3Me-
pos. Ilpu TennoBofi MOWHOCTH AOMAalIHEro TemIoBOTO Hacoca 6 kBT
tpebyercs nosepxnocTh 20 M2, BaxkHoe 3HauyeHHe HMEIOT BJAHsAHHE Tell-
JoBoro akkymyasaropa Ha o6muft KOIT 1 crouMocTh CHCTeMBI, H XOTH
eMOHCTPALIHOHHHX YCTAHOBOK BO BCEM MHpe yXKe JAOBOJBHO MHOIO,
HaJleXKHHIX JaHHBIX 10 3KOHOMHKe TaKHX CHCTEM ellle HeT.

5.2.5. MCNNOJIb3OBAHME CEPOCHOIO TENJNA

JoMmaimanii TenJoBo# Hacoc MOXKHO HCIOJb30BATh KaK JJs OTOMNJe-
HHs BCEro [0Ma, TaK M JJIs YacTHHX 3ajay — CYLIKH NMOCYAH HJIH Oe-
Jbsl. B HacTosiieM pasjesnie paccMaTpHBAlOTCH elle H JOMa C MHHH-
MaJIbHHIM NOTPE6JEeHHEM SHePTHH, H CHCTEMBl ¢ MAKCHMaJIbHBIM HCHOJIb-
30BaHHeM cGPOCHOTO TemJa.

Brime ynomunanocs npefyioxenne Kons6yiia mo HcnoJab»30BaHHIO B
TEINIOBOM Hacoce c6pocHoro Temna saektpoctanuuii. Ho cam oransnusa-
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MBI} IOM TaK¥Ke uMeeT 3HAYHTeNbHBle TellJIOBble cOpockl. DTo BHIHO,
Hanpumep, Ha puc. 5.14 [18], rae ucnonp3oBana o6bYHAA CHCTeMa YTH-
JAH3aIHH Tema BO3AYX—BO3AyXx [22] coBMecTHO ¢ TemyoBHIM HACOCOM,
YTO AO3BOJISET €BECTH K MHHUMYMY moTpeb/ieHHe 3HepIH¥ Ha OTOILIe-
HHe H ropsiuee BOJOCHAOXKeHHE,

{

v

75
4)

20

8

Puc. 5.14. Cxema aoMa ¢ MHHHMaJbHLIM [nOTpeGie-
HHEM SHEPrHH H HCNOJb30BaHMeM cOGpOCHOrO Temja
KaK B TeRIOOOMEHHHKE, TaK H B TEIVIOBOM Hacoce.

1 — BoiGpoc B aTmocdepy; 2 — OPHTOK BO3AyXa; 3 — BEHTH-
AATOP; 4 — TENNOOOGMEHHHK; 5 — OTCOC M3 Tyajera; 6 — no-
Rada BO3XyXa B CHajbHIO; 7 — MOJZaya BO3JyXa B CTOJOBYIO;
8 — oTcoc BO3XyXa H3 KYXHH; 9 — ropsivee BOROCHAGXKeHHe:
10 — cucteMa ropayefl BoXb; ] — KOHJEHCATOp TENJAOBOro
Hacoca; /2 — TenJOBOf{ HacOM MOuwEOCTbio 300 Br; /3 — Gak
ropsiyefi BOABI; /4 — HarpeB OT ra3oBOr0 KOTJZ, KOTOpbii
BKJIOYEETCH NPH TeMmnepaType cO6pOCcHOro Saka HHXe 10°C
H Gaka ropsigeft Boabl HHXKe 60 °C; I5 — ¢6poc H3 MOWOLIHX
MAauHH; /6 — ¢6poc H3 BaHHOH; /7 — BeHTHJALHOHHLIf BO3-
RYyX; 18 — HCnapHTeAb TEHNOBOro Hacoca; 19— cauB, 20 —
6ax 350 n.

B Tex ciyuasx, Koraa yxoasilhe rasbl H3 KyXOHHBIX meved, HJIH
BooOllle U3 KYXHH CJHIIKOM HarpeThl, uyTOGH . HCHOJAb30BaTh OGHLIYHYIO
E€HCTEMY YTHJAMIALHN TeI12, NMOKA3aHHYIo Ha puc. .14, HX MOXHO cMe-
HI#BATL. €. 60Jiee XOJNOXHBMH. BEHTRASIINGHHBIMH BEIOPOCaMH, ‘a 3aTeM
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yXKe HanpapJsiTh B HCHapHuTeJb TelJOBOro Hacoca Ju6O HemocpeacT-
BeHHO, 160 ¢ HCI0Jb30BaHHEM TeII006MeHHHKA /15 NPe/BapHTeNbHO-
ro MoAOrpeBa CBeXEro BO3AYyXa, MOCTYMNAICLIero B HCIapHTeNb.

UYanle Bcero nmpeajiaraloT HCiiob30BaTh B KauecTBe HCTOYHHKA TeM-
na c6pocuyio Boay. Kak mokasaHo Ha puc. 5.14, HeperyJspHBIH xapak-
Tep Takux cOpocoB TpeGyeT MPHMEHEHHS TEIVIOBOTO aKKyMyJdaTopa,
KyJa MoCTyflaeT TellJio BOJbl, BHITEKAIONIeH U3 BaHH, Ayiueii, 10CyAOMO-
€YHBIX U CTHPaJbHHIX MaIIHH. 3aTeM TEILIO 3TOr0 aKKyMYJsTOpa ¢ mo-
BHIIlIeHHEeM [IOTEHI[HAJa NepeKauHBaeTca B pe3epByap ¢ ropsagei BOAOH.
B apyrux cxemax [23] ciona BkiioyaeTcs u Temio AOMaUIHHX y60pod-
HBIX MaiwHH. EcTecTBeHHO, BCTpeuaeTcss MHOTO NMPeAJIOXKeHHH Mo J0Mou-
HHTEJIbHOMY HarpeBy aKKyMYJATOpa TeNJa COJHEYHHM KOJJIEKTOPOM.

5.3. AKKYMYNATOP TEMNA

SKOHOMHYHOCTb aKKyMyJATOpA Temjaa AJS JOMAIIHHX TelJIOBbIX Ha-
cocoB 6bljla NPeAMEeTOM MHOTOYHCJIEHHHX AHCKyccHuil. SIcHoro oTBeta Ha
BOIIPOC, CJAEAYyeT JIH NMPHMEHATb aKKYMYyJATOD Telia NpPU HCnapHTene
TENJIOBOTO HAcoca, ellle HeT.

JI1060#1 HCTOUHHK TemJia AJIs MacCOBOTO TEMJIOBOro Hacoca MOJBep-
JKeH Ce30HHBIM H JHEBHBIM H3MeHeHHAM TeMmiepatyphl. K coxkaneHumo,
st Bapuauud cuuxaiot KOII kak pas B To Bpems, Korga noTpe6HOCTD
B TellJle 34aHH# MakcuMaJibHa. JloporopusHa mpUMeHEHUsS 3JI€KTPOHA-
rpeBa JJIsl JOMOJHHTEAbHOTO TellJIOCHAGKeHH s, HAa YTO YKa3bIBalOT MHO-
rHe NPOH3BOHTEH TEMJIOBLIX HACOCOB, MOOYXKAaeT K NOUCKY ajbTepHa-
THBHBIX pellIeHHH, CPelH KOTOPHIX NMepCHeKTHBHEIM SIBISIOTCA Hakomje-
HHe TenJjia JIeTOM HJIH B COJIHeUHble 3HMHUe JHH *.

B 3t10#t KHHre HOAPOGHOCTH TEMJIOBBIX aKKYMYJSTOPOB He paccMar-
PHBAIOTCH, HX MOXHO HaWTH B npujaraeMoii 6ubauorpaduun. Orpanu-
YHMCS TOJIBKO ABYMs NpHMepamH.

OcHoBHBle cBoficTBa BeIIECTB, HCMOJNb3YeMbIX B TEIIOBHIX aKKyMYy-
JasTopax /s nosbiluenus remnepatypnl Ha 20° C, fanbl B Tab6a. 5.2 [20].

Ta6auua 5.2. CeoficTea BelecTB, HCNOJb3YeMbIX B TEMJOBbIX
akkymyasatopax Ha 1 FJlx

Yaeasas | yrenpnan
TennoeM- | “remrora |IlnoTHOCTS OrHocH- Ornrocu-
Bemecrso KOCTb, innapnennsi,| Kr/M% 'l Macca, kr| teabHas | O6bem, M3| Tenbusift
K,El;xo/(xrx &K /Kr Macca oGbeM
X °C)
Kameus 0,837 _ 2242 59737 16,4 26,6 11,69
Bona 4,187 — 1000 11941 3,27 11,94 5,25
PacnJias 2,09 232,6 1602 3644 1 2,274 1

* AKKyMyJHPOBaHHE COJIHEYHOrO Tella B TPYHTe NMPH NDHMEHEHHH [apOKOM-
NPEeCCHOHHHX TETVIOBHX HacocoB B GoJbMIMX Macwirabax AJs OTOIVIEHHS TOpOJOB
noapo6Ho paccMorpesn B 1920 r. u3BecTHH! coBeTcKHit ¢H3MK B. A. MuxejbcoH. —
Tlpum. nep.
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5.3.1. AKKYMYJIMPOBAHHME SBHOTO TEMJIA

HaxkonuTenu sBHOT'O TemJda HCHOJNb3YIOT XHAKOCTb HJH TBepaoe
Tesn0 Ge3 (a3oBHIX TMepeXOAOB NPH Harpese JHOO oxJaxkaendu. Mx
clecTBHEM SBJAETCS TOJNBKO H3MEHEHHe TeMIIepaTypH.

Camoe pacHpOCTpaHeHHOE BeleCTBO [JIS1 aKKYMYJHPOBAHH{ Tenl-
Ja — Boja. IloMHMO OOIIEAOCTYITHOCTH €€ NPEHMYHUIECTBO COCTOUT
B TOM, YTO OHa MoXeT GHITL B3sITa IJISI HCIOJb30BAHHS H3 aKKyMYJs-
Topa 6e3 Temio06MeHHHKa. AKKYMYJIATOP MOXKHO MOJOrpeBaTh TEMJIOM
K3 KOHAeHcaTopa TemJOBOr0 Hacoca, a 3aTeM NOJaBaThb HarpeTylo BOLY
B JOMAIIHIO CHCTEMY OTOIIEHHS.

HHorxa akkyMyJasTop TelNa cHA6XKaeTCH COMHEYHBIM KOJJEKTOPOM,
TNOBHIIAKIUUM ero TeMlepaTypy Iepel moAaueli Teml1a K HCIAPHTENIO
TEMJIOBOro Hacoca. Pe3sepByaphl /i1 BOABI BHIIOJNHAIOT H3 MeTaJia, Oe-
TOHa WK naactMmaccel. [1pu mManom noBullleHHH TemmepaTyphl Tpebye-
MHI# 06beM BOJAB B AKKYMYJSTOpPe CTAHOBHTCA CTOJb GOJBIIHM, UYTO
3KOHOMHYECKHE W INPOCTPAHCTBEHHHIe OTPaHHYEHHSA He JONYCKAIOT HX
IPHMEHEHHUS B LIHPOKHX MacwTabax. MHOro npeioXeHHi o AOMax
C MHHHMaJIbHHM AOTpeOJieHHEeM 3HEPrHH BKJIIOYAIOT GaK-peryJasrop,
pasMellleHHbI# o] moJioM XKuauiwa. Mx oyeHb TpyAHO pasMelnaTs B CV-
HIeCTBYIOIHX 3JaHHAX.

TBepable akKyMyJSTOpH Temja HCHOJbL3YIOT B 3JaHHAX yXKe MHOFO
JeT. AKKyMyJHpYIOllHe pafHaTOpH H3 KepaMH4YeCKHX OJIOKOB ¢ 3JeK-
TpOHarpeBaTeJbHHIMH 3JIeMEHTAaMH paHblle GLIIH OUYeHb NOMYJSPHH B
Anraun. OCHOBHOM apryMeHT 3a TakHe CHCTEMbl — CYILECTBeHHoe CHH-
JKeHHe LeHH Ha 3JIEKTPO3HEPrHIO BO BHEIIHKOBOE BpeMs, Kor/la akKyMmy-
JATOPH 3apsikawTcsd. X MoxHO HarpeBaTh A0 6oJiee BHICOKOH TeMile-
paTyphl, YeM BOAY, HO MOXHO HCIIOJb30BaTb H AJ1S1 HAKOMJIEHHS HH3KO-
AOTEeHIHAJbHOIO TeMJ1a, NOCTYIAIoIIero B TeMJIOBOH# Hacoc.

Kak BuaHo u3 Taba. 5.2, ckajbHble MOPOAN (KaMeHb) Xy¥kKe, ueM
Boda. Ouu sanuMalorT GOJbLUIHI 06bEM H HMEIOT GOJBIIYIO Maccy MAJs
HaKOIJIEHHSI OJJHHAKOBOIO KOJIMYEeCTBAa TemJa.

5.3.2. AKKYMYJIATOP HA TENAIOTE NNABIEHUS

HMcrnonb3oBaide TenmoTH MJIABJGHUS B CPAaBHEHHH C aKKYMYJHPO-
BaHHEM fIBHOrO TelJja ompenenasercss TpebyeMbIM o0beMOM MaTepHa-
JIOB, 3aBHCAILIHM OT HX TENJIOTHl MJIaBJeHHs. B oTiinuMe OT aKKyMyJsi-
TOPOB SIBHOTO TelJa aKKyMyJHDOBaHHe IIPH IJIaBaHHH NPOHCXOAHT
IpH MOCTOSHHON HAM MOYTH NMOCTOSIHHOH TeMmnepaType. Ho uaMeHeHHe
©$a30BOr0 COCTOAHHA MOXeT GbITh CBA3aHO C H3MeHeHHeM obbema.
Bocnpunumas Tenso, MaTepHaJ IJIaBHTCS, a OTAaBasl ero, 3aTBepaeBa-
er. CKpHTas TemJoTa NJIaBJeHHs NO3BOJIAET B €[HHHIE 06beMa HaKam-
JIHBaTh GOJibllle TemJa, YyeM y aKKyMYyJsTOPOB, HCHOJb3YIOIHX TeIIo-
eMKocTb. CBoficTBa YacTO MNpHMEHSEMBIX BelIeCTB INPHBEJEHH B
TabJ. 5.3 [25, 26]. '

M3 Tabannel BHAHO, YTO MOXKHO 10100paTh NiaBsiliHecs BeUIeCTBa
B IIMPOKOM [HaNla3oHe TeMNepaTyp, APUroJHble JJIsi AOMAaIUHero NpH-
MEHEHHs, CIHaKo, 3a HCKJIOUeHHeM rJay6epoBofi conu (Zekarugpar
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Ta6auua 5.3. CeoficTBa AKKYMYJIHPYIOUIHX BelllecTB

TennoTra nAaBAeHHA
Beuiectso T:;::ﬂp;gg : MaorHocTs,

e °c Krfu? kIx fkr JLok fem®
NaC,H,0,-3H,0 58 1297 265 340
NayS405-5H,0 48 1650 209 344
Ca(NOjy)y-4H,0 47 1858 154 283
P 116 (Bock) 47 785 209 163
FeClg-6H,0 36 1617 223 359
Na,CO;-12H,0 36 1522 265 400
LiNO;-3H,0 30 —_ 307 440

cyab(ara HaTpHs), BCE OHH CPAaBHHTEJBHO NOPOTH H BPAJ JH HaHAyT
LIHpOKoe npHMeHeHde. Bo MHoOrux JabopaTopHsiXx HCCAEAYIOT HOBHIE
nJjaaBsliHecs BellecTBa.

5.3.3. MCNONb3OBAHME AKKYMYNATOPOB TEMNA B TEMNOBLIX
HACOCAX

BoabuuncTBo HCCNeXOBaHHA MO NPHMEHEHHIO aKKyMYJATOPOB Tel-
Jla CBSA3aHO C COJIHEUHBIMH KoJlsleKTopaMH. OJHO H3 caMbIX MOAPOGHBIX
uccaenoBaHkit [27] onmHchIBaeT AOM C CHCTEMOH BO3JAYUIHOTO KOHIHIH-

Puc. 5.15. O6uuit BHA AOMa C COJNHEYHHIM KOJJIEKTODOM, TEeNJIOBHM
HAacoCOM H aKKYMYJAATOPOM Terja,

OHHPOBAHHS, OTONMIEHHS! H HCMOJb30BAHHEM COJIHEYHOH M 3JeKTpuye-
cKOH 3HepruH (puc. 5.15). OcHOBHEIE KOMNOHEHTH! CHCTeMBl BK/IOYAIOT:

1) 3acTexk/NeHHblH NMJIOCKHH YepHBIA MeAHBIH CONHEYHbIH KOJJIEKTOP
niaomaabio 0koao 65 M? ¢ UHPKy/AsHeH KHAKOCTH;

—113—



2) BoasHo# 6ak BmectumocTbio 9000 1 mox armocdepHbIM paBie-
HHeM ¢ 6eTOHHOH 000J10YKOH;

3) Harpes BO3AYyXa BOAOH OT COJIHEYHOTO KOJIJIEKTODA;

4) TensoBOH Hacoc BO3AYX — BO3AYyX 11 paboTHl COBMECTHO C COJI-
HEeYyHbIM HATPEBOM H JONOJHHTE/bHEI HarpeBarteb.

Has uccnenosanusa O6bln BeiGpan paiioH byddano, urtobu npose-
pUTb HDHMEHHMOCTb COJHEYHOro 'HarpeBa B YCJIOBHSAX CEBEPHOTO
kaumara. O6was temosas Harpyska Oblsa npumepHo 4000 rpanmyc-
jaHeli, CpaBHHTeNbHO HEBLICOKAs HHCOAANHMSA B CpeflHeM COCTaBHJA

S

it ZZAS

22— | |7 UD

— V5)
| o I

Puc. 5.16. Hcnonb3oBakne BogsHOro Gaka ¢ COJNHEUHHM HArpeBoM [Jisl TelJIOBOTO Ha-
coca THIIA BO3AYX — BO3AYX.

1 — conHeuHHIA KOANEKTOp; 2 — Gak Harperoft coNHIEM BOAM; 3 — TeNJA0OOMeHHHK; 4 — ropsiuce
BOZOCHaGXKeHHe; 5 — AOMAIHHA 6aK ropAyel BOAM; 6 — TFOPOACKOR BOAONPOBOX; 7 — ABYXIO3HIIH-
OHHBIA ABTOMaTHYECKH YNpaBAseMB KaanaH; 8 — KJAaNaH € COJNEHOHIAOM; 9 — HapyXKHas wacTh
TENJAGHACOCHO YCTaHOBKH; /0 —~ HapyXHHIft BO3Ayx; Il ~~ Harperasi COJMHIleM Boga; /2 — noaaBae-
MBIR BO3RYX; /3 — BHYTPEHHsS! 4acTh TeNJOHAaCOCHON YCTaHOBKH; /4 -—— BO3AYX H3 KOMHAT, pi—Pi—
HaCcoCHl,

1

800 xdx/(M2%:cyT) HA rOPU3OHTANBHOH MOBEPXHOCTH B TEYEHHe OTO-
NUTEJLHOIO Ce30Ha OKTAGDb —— aflpeJb, SJIeKTPO3HEeprist AJas MpPHBOAA
KoMmpeccopa # JONOJNHHTENbLHOrO HarpeBaTtesia Gbljia BEIOpaHa NOTOMY,
_4YTO MpHMeHeHHe NPHPOAHONO rasa B 5TOM pailoHe OrpaHHyeHo.

Hasa ucenenopanuit BeiGpaH TeminoBoit Hacoc «Westinghouse» pas-
JAeJIeHHOTO THNA, paboTalolHi NpH TeMmepaType HCHAPHTENS MeEXAY
—27 u 32°C. Ha puc. 5.16 mokasaHa BCf cHCTeEMa BO BPEMS HCHOMb-
30BaHUSI aKKyMyJAsTOpa B KaueCcTBe HCTOYHHKA TemJja AJf TEMJ0BOro
Hacoca. B ABYX Apyrux pexHMax TemsoBO# HAacoc MOXeT NoJyYaTh
Tenao JU60 HenocPeACTBEHHO OT OKPYXKAIOWEro Bo3AyXa, AH60 OT BO3-
Jyxa, TOJOrpeToro COJHEYHBIM aKKyMyJasTopoM. B paccMaTtpuBaeMoMm
peKHMe Hacoc NepeKayHBaeT BOAY U3 GaKa-aKKyMyJsTopa uepes BOZO-
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BO3AYIUHbili TenJ0OOMEHHUK Iepel HCHapHTeJeM TemJIOBOro Hacoca.
[Torok Bo3iyxa uepe3s ucnaputeib obecrnednBaeTcs LUEHTPOGERKHBIMH
BEeHTHJAATOPOM H pery/aupyercs wnbepoM. Temublit Bo3AyX OT KOHAEH-
caTopa mojxaeTcss B KOMHaTH. Beja BosBpamaerci B 06ak-akky-
MYJISITOp, €€ pacxol peryJjHpyeTcd aBTOMAaTHYeCKH ¢ [IOMOUIbIO
KJanasa. :

Buibop HeobxopuMoro pexxHMa paboThl DeryJHpYeTcsi ¢ MOMOLIBIO
YeTHIPEXKYJAUKOBOIO BPAaHIAIOUIEroCsl KOMHATHOIO TEPMOCTaTa ¢ Tpe-
Msl CTYIIEHSIMH HarpeBa # OJIHOH CTYyNeHbIO oxJaxAeHus. Ecny npsamoi
COJIHEYHbIfi HarpeB HeJOCTaTO4YEH [JsA IMOAAEpKaHHA BHYTPH JjoMa
koMbopTHOI TeMnepaTyphl, TepMOCTAT BKJIIOYaeT BTOPYIO CTyNneHb
OTOIJIEHHS -— TEIJIOBOR Hacoc ¢ COJHedHblM MOJOTpPeBOM, OIHCAaHHYIO
Bbime. Ecau e M 3TOr0 0KasaJoch HeJOCTa-
TOYHO, TO TeNJOBOH HACcOC BKJIOUaeTCs Ha
HOpMaJpHY10 paboTy B pexHMe BO3LYX—BO3-
JAyX, a HarpeB BO3J1yXa B KOHIeHcaTope JO-
MOJIHAETCS 9JeKTPOHArpeBaTesieM.

Itonxoe 3jekTponoTpebieHHe TeMJIOHACOC-
HOH CHCTEMBl C COJHEYHBIM MOAOrpPeBOM COCTa-
BuJo 11342, Torna xak npocroe 3JeKTPOOTON-

Puc. 5.17. CxeMa TemjoBoro Hacoca ¢ HCIApUTENEM, TO-
FPYXKEHHBIM B 6aK-aKKyMYJAATOp TelJa.

I — conHeuyHBIR KOJNEKTOp; 2 — HPOCCENbHLIA KaanaH; 3 — Hc-
napureab; 4 -— 6ak; 5 — KOHAEHCATOP; 6 — HarpeTHil BO3AYX;
7 — xoMmmpeccop; 8 — Hacoc; 9 -— oXJaXKAEHHBIA Bo3myx; 10—
HaPYKHEI TenooOMeHHHK THIA BO3AYX — BOJA.

JeHHe norpeboBajio 6bl 36832 kBT-u B roa. Ilpu cToMMOCTH 3JEKTPH:
uecTBa 2,29 LleHTa COJIHEYHAsl CHCTEMa C TEMJOBHIM aKKYMyJaATOPOM
IKOHOMHT B rofi OKoJMo 653 10471, M ofecneuHBaeT CPOK OKYNAEMOCTH
okoso 14 ner. ConHeuHasi cHcTeMa, paboTaollast caMOCTOATENBHO HJIH
B COUETAHHM € TENJIOBHIM HAacocOM, mokphuiBaeTr .70% rojoBofl oTOIH-
TEJIbHOH HATPY3KH.

Ha pxc. 5.17 nokasana Apyrasi CHCTeMa C TeIlUIOBBIM aKKyMyJsToO-
pom [28]. 3nech HCnapHTeab TEINIOBOrO HACOCA HEMOCPEACTBEHHO IO-
rpyxeH B 0aK-akKyMyasTop. DTa paboTa HHTEpecHa CBOMM JeTaJb-
HBIM HCCJIEOBAHHEM BJIHSHHA NapaMeTPOB COJIHEUHOro KOJLIEKTOopa H
AKKYMYyJTOpa Ha 3¢heKTHBHOCTh TEMJOBOTO Hacoca.

Cxema Ha pHc. 5.17 paboraer caeaywmuM obpasoM. CoNHEUHBIH
KOMJIEKTOP Nojaer TemAo B 6aK-aKKyMyJsTOP, YTO AONOJHAETCH BO3-
AyXOBORAHBIM TeN/A000MEeHHHKOM, HCNOJB3YIOLHM TEIJIO OKpyXKalolje-
ro Bosgyxa. [loexoapky TeMnepaTypa akkymyasitopa BCero JIMLIb Ha
HECKOJIbKO I'PafyCos Bbille OKpY:KaloUiefi, B KauecTBe TeMNJOHOCHTeJst
HCII01b3yeTCsd PaeTBOp IAHKOJA B Bofe. Mcnapurenb TemaoBoro Haco-
ca MOrpyxeH B G6aK-aKKyMyJsATOp, KOTOPbI B LaHHOM CJayyae CJyXKHT
@AHHCTBEHHBIM HCTOYHHKOM Telia.

Ha puc. 5.18 conocraBsennt 3nayenns KOII tensoBoro nacoca npw
HAJIMYHH COJIHEYHOTO KOJIEKTOPa H OOGHIYHOrO TEMJIOBOTO HAacoca THIG
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BO3LyX — BO3yX. B 3ToM HcclefoBaHHu GblJ1 MpHMeEHEH pasjieseHHBI
tennoBoi Hacoc ¢upmu General Elecfric. Kak suaso us rpaduxa, jp0-
CTHraeTcs cyulecrseHHoe nopuimenne KOTT.

Ha puc. 5.19 onpeneneHne KOIl HeckosbKo MOAHQHHHPOBAHO C
IIeJIBIO BKIOYEHHs 106aBOUHBIX 3aTPAT 3J€KTPOIHEPTHY.

Ha puc. 5.19,a nokaszaHa sasucumocTb KOII or pasmepa 6aka-
akkyMmyJaftopa. BuaHo, yTo npeBbllIeHHe HEKOTOPOro MHHHMAaJbHOTO
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Puc. 5.18. BansiHde IJIOI@AH COJHEYHOTO KOJ- /
Jaekropa S Ha KOII Tennosoro Hacoca ¢ akky- ¢
MyasaTopoM maccoit 3400 xr. 58
!} — ofwmunnifl TemnosoR Hacoc; 2 — TemjoBoft Hacoc ——-————"—’_—
€ COJNHEYHBIM KOJIJIEKTODOM. 3 /—
Pac. 5.19. 3asucumocts KOIT oT pasMepa axky- — | ¥
Myasropa M NpH IVIOLAAH COJIHEYHOTO KOJIEK- 2
Topa S=58 M? (@) H pa3NMYHHEX 3HAYEHHAX 2 M

3HaYyeHUs] JaeT yxKe MaJblfi BHHUIPHII NpU (UKCHPOBAHHOM 3HAYEHHH
KOJIJIEKTOPA, HO OHOBPEMEHHOE yBeJIHYeHHe KOJIJIeKTOpa CYLIECTBEHHO
nosbiraer KOIT (puc. 5.19, 6).

5.4. SKCNEPUMEHTANHLIE JOMALLIHHUE
TENMIOHACOCHDIE CUCTEMbI

BOJIbIINHCTBO AOMAIIHUX TEIJIOBHIX HacOCOB MpeAcTaBiser coboi
"KOHJIHIIMOHEpPHl KPYIVIOTOJHYHOrO JAeHCTBHA, HO HEKOTOPBIE CHyXKar
TOJIbKO ISl HarpeBa. Bce oHH nocTaToyHo 3(p@PeKTHBHH, HO pacCyHTa-
HHl Il YCTAHOBKH B CYLIECTBYIOWHX 31aHuAX. HeT cMBIc/ia MpHMEHATD
HX B CIENHa/IbHO CHPOEKTHPOBaHHBX IOMaX ¢ MHHHMaJbHbIM IOTpE6-
JeHHeM SHEPrHH Ha OTOIUIeHHe ¥ BO3AYIUHOE KOHAHIHOHHDOBAaHHeE.
B nocnexHee BpeMs pa3pafoTaH psil TakHX NPOEKTOB, B KOTOPHIX AJs
3KOHOMHH SHEPTHH HCIOJb30OBAHH BCe Mephl — JBOHHOE OCTEKJEHHE,
peryJHpoBaHHe BEHTWISLHH, TelOH3osAlud U T. n. VMenHo 3zxecsh
TeMJIOBble HaCOChl HIPAlOT BaXKHYI POJb, YTO MOKA3aHO Ha psjAe NpH-
MEpDOB B 5TOM pasjeJe.
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5.4.1. ROM DHEPTETMYECKOW KOMMAHMM NEHCUABBAHMM

ITOT 3KCHEPUMEHTAJLHLIA IOM MpeiHazHaueH s JEMOHCTPalAH
3konoMHuH Gosiee 509 sHepruu 1o CpaBHEHHIO ¢ OOGLIYHLIMH AOMaMH.
34ech NpHMEHEHBl TEIJIOBble HAcOCH BOAA — BO3AYX H BO3AYyX — BOAA.
O6was cxema nokaszana Ha puc. 5.20 [23]. Temnoso#t Hacoc mpe-
CTaBJsAET TOJNBKO YacCThb CHCTEMBl, DACCYHTAHHOH Ha 3KOHOMHIO 3Hep-
rud. [ns noma cnenuanpHo BHGPAHO MNOJONKEHHe ¢ 6J1arONpHATHOMN
HHCOJISIIHES! H BO3MOXHOCTBIO eCTeCTBeHHOH BeHTHJANMH, IIpHMeHeHH
a(ppekTUBHOE OCBeLleHHe ¢ HoO-
MOHIbIO (AYOPECUEHTHBIX PTYTHHIX
JaMIn ® yTHAH3AnUs CcGPOCHOTrO
Temlia. JKunaa naomans 147 M,

O6a TenJoBHIX Hacoca JOIOJ-
HeHbl COJIHEYHBIMH KOJIIEKTOpaMH.

Puc. 520. CxemMa 3KCHepHMeHTaJbLHOTO
AOMAa C TellJIOBHIM HaCOCOM. 8
1 — TennoOGMeBHHK; 2 — HacoC; § — TemIoBof éaz

Haco¢ THOA BOJa — BO3AYX; 4 — ropsiyas BOAa
41—44°C; 5 — nogorpeBaTeas ropsuell BoAbI;
6 — BXOJ XOJOAHOA BOAM; 7 — KOHAEHCATOD Teln-

JIOBOTO Hacoca BO3AYX — BOXa; 8 — aKKyMYJATOD /i g 7
9HePrHH CGPOCHOrO BOSAYXAa, XOJOZHIALHHKOB, L — ik

CYWIHNOK B Nedefi; 9 — aKKyMYJAATOP SHEPIrHH "

c6pocHOlt BOABI, MOEUHBLIX H CTHPAJAbHHIX MAlIHH,

BaHHOA; /0 — Gax Ha 3800 N C NMOrpyKeHHHIM 7 77

saexTpoHarpenateneM Ha 15 kBt; [/ — cucrema
AHTHCENTHKH H BOCCTAHOBJNEHHR Temna; J2—
PacCTBOD STHJNEHTJIMKOAS INPH TeMIepatype Ha
8,3°C Bbiie, ueM B Hcnapurene; I3 — KONJAEKTOD
Tenxa Ha KpHOIg. 17

KoMnanusa cuurtaer, 4To TpeTb 3HEPrHH [alOT TEIJIOBBIE HACOCHI,
TpeTb — YTHJIH3alHA cOPOCHOTO Temyla U OCTaJIbHOE — COJIHEYHHe KoJ-
JIEKTODH. YKa3aHHasi 3KOHOMHUS SHePrHH OCHOBAHA HA NMPEATIOJNOXKEHHH,
4yTO ¥ OGBLIYHBIA [OM TaKXKe IMOJHOCTbIO <3JeKTpHYecKui». B jpome
CTHpaJibHasl MalllHHa, CyLIKa, NOCYAOMOiKa H 3JeKTPHYeCKas KYXHd.
Tennousonsiusa BKJOYAaeT 3anoJjHEHHe CJ0eM MeHOomJacTa TOJINHHOM
2,5 CM ¢ ypeTaHOBLHIM YINIOTHEHHEM OKOHHBIX paM. KpoMe Toro, cHcTe-
Ma BKJIIOYaerT:

1) cosHeuHBI KOJJIEKTOD B BHIOE Orpajbl A AOMOJHHTENbHOIO
HarpeBa;

2) cHcTeMy BOCCTaHOBJIEHHS Temla, <GpacblBaeMoOro AOMALIHHMH
XOJIOMJIbHHKAMHE H CYIIHJAKaMH JJis OfiexAu (B BH/e HarpeToro pos-
Ayxa);
- 3) tenuoBble TpyGKu [24] asist yTHAH3aUHH Temja cOPOCHOH BOAH
BaHHBI K AVIIA;

4) yTHAM3ALHIO TEMJIa MOEYHBIX MaLIHH.

OcCHOBOII cHCTEMBI siBJseTCs TeMIOBOH Hacoc ¢ BOASHBIM HCTOUYHH-
KOM, RaOIUU# Tenjo AJs ropsiuero BOJOCHAGXKEHHS M CHCTEMBl KOHMH-
LIHOHHPOBaHHS. JTOT IVIaBHBIH TEMJIOBOH HacoC HCAOJb3yeT Temlo, Ho-
cTynaplllee U3 pa3HBIX HCTOYHHKOB, BKJIOYas COJNHeUHble KOJJIEKTODHI,
MoeuHble MalUHHBl H Apyroe c6pocHoe Temio. bak-akkymyasTop BMe-
CTUMOCTBIO 3785 /1 nomno/NHeH MOrpyKHHM HarpeBaTeJem Ha 15 kBr.
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5.4.2. CONTHEYHDIM TEMNOBONA HACOC «LENNOX»

dkcnepuMeHTaIbHAs YCTaHOBKA «Lennox» AeMOHCTPHPYET NMpeuMy-
llecTBa COJHEYHOTO MOJOrpeBa BO3JyXa mepej nojgauyed B HCHApHTeNb
TEMJIOBOIO Hacoca.

M3secTHo, uTO Npu CHHXKEHHH OKpyXKalolled TemnepaTypsl 3¢¢ek-
THBHOCTb TEMJOBOrO HAacoca NajaeT, HO COJMHEeYHbIH HAarpes BO3AYyXa
MoOr 65 HCIIPaBHTDL NMOJIOXKeHHe. B paccMaTpHBaeMoil KOHCTPYKIHHU COJI-
HEYHBIH KOJJEKTOD -HEMOCPEJCTBEHHO BKJAIOYAIOT B caMo 3AaHue. Kak
BHJHO H3 puc. 5.2]1 n 5.22, npuMeHeHa npocTedluas cxeMa: BO3AYIUHHLI
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Puc. 5.21. Cxema TtemioBoro Hacoca Puc. 522. Ceuenne poMa ¢ yCTaHOB-
«Lennox» ¢ coJaHeyHbiM TmNojorpeBarte-  Ko# «Lennox»:

JepM BO3ayXxa. ! — cnanbHA; 2 — KyXHe; 3 — TeioBodl Ha-
1 — npsAMas paguaunsa; 2 — HenpsiMas  pa- coc; 4 — JeCTHHUA; § — BaHHasi; 6 — KJaxo-
Ananus: 3 — yXORAIMMA BO3AYX; 4 — HapyX- Bas; 7 — aKKyMYJsTOp TenJa.

HbIi BO3XYyX; 5 — TemjoBOft Hacoc; 6 — Gax

ropayejl BOAHL, 7 — aKKyMyAATOP Telaa.

KaHaJl HeNoCpeNCTBEHHO TOA KpbllieH, HarpeBaeMod coJHlem. [To-
CKOJIBKY KOJIIEKTOpP HMeeT TeMnepaTypy, OJIM3KVIO K TeMneparype
OKpYIKalollell cpejbl, MOTepH TEMJa MOHHXEHBI 10 CPABHEHHIO ¢ JApY-
THMH KoJieKTopaMu. Ec/u cHcTeMa 3ajioXKeHa B NPOEKT 3JaHHdA, TO
H CTOHMOCTL ee HepedHKa. D¢(eKTHBHOCTL ee MOXKHO ellle MOBBICHTL
HEeHOH NOMOJHHTENbHBIX KaNHTajdbHBIX 3aTpaT ¢ NMOMOIUbIO ONHOKpaf-
HOTO OCTekJeHHs. B 3Toil cucTeMe TenaoBoH Hacoc HCHOJb3yeT TEILIO
BO3/yXa AAsl MOBBILEHUS TEMIEpPaTyphl aKKyMyJsTopa TelJa, pasMe-
LIEHHOTO Tof 31alineM (cM. Takxe § 5.3).

Kak BunHo u3 puc. 5.23, TenyoBo#i aKKyMyJsTOP [JaeT BO3MOX-
HOCTb NDHMEHHTb TEINIOBOH HacoC TOJNBKO NPH AOCTATOYHO BHICOKOfi
TeMnepaType OKDyXalollero BO3AyXa, Korja coJiHlE AaeT 3aMeTHbif]
BKJIaJ B ee NOBbILIEHHE NPH NOAXOJe Bo3ldyxa K Hcnaputemo. CpegHee
NoBhiLIeHHe, TeMnepaTyphl Ha 2,5 °C Hax oKpyXaloollell cpefop B Ta-
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KOM conHeuHoM Kosnektope yeesiunsaer KOIT na 8—109% c nepuogom
OKyllaeMoCTH MeHee 5 JieT. TenoBoll akKyMyasTop ofecneynuBaer 'oTol-
JIeHHEe TNpH MOHMIKEeHHU OKpy:Kaiouleit TeMnepatypnl. B ato BpeMda, Ha-
IIpHMep HOUbIO, TEMJIOBOH HACOC OTKJIIOUEeH., YTBepXKAaeTCs, 4To TaKofi
AKKYMYJIITOP MOX<eT NOAJEepKHBaTb KOMQPOPTHBHIE YCJIOBHS BHYTPH
noMa B TeueHHe 9 nHefl mpHu okpyxalouieii TeMmnepatrype 0°C. OxHako
Takasi yCTAHOBKa jla)Ke JJis YCJAOBHHA AHIVIHMM [JOJ/IKHA HCAOJAL30BAThb
KaKHe-TO crocoObl JIOMOJMHHTENBHOTO HarpeBa. [lpyroe peknaMHpyeMoe
[IPEHMYIIIECTBO CHCTEMBI COCTOHT B BO3MOMKHOCTH HCMOJb30BaHUS BHe-
IIMKOBOH JeweBoit anekTposHeprud. OHa TakiKe MOXKeT NpPeAoXpaHdaTh

7,9
A !
Puc. 5.23. BausiHHe dKKyMYyJHPOBaHHs Kon
Tellla Ha NPOZOJIKHUTENbHOCTh SKOHOMHY-
HOofl paboTH T BO3JAYLIHOTO TENJOBOro Ha- 7000 J
coca. —
I — 06JacTh TEMJMOCHAGXKEHHsT OT aKKYMYJSAToDa V4
Ge3a TenJaoBOro Hacoca; 2 — ONTHMajbHas 06-
Jacrb pa60TbI TeNaoBOro Hacoca. ’
J
0 N

-9 -5 035 10 1 207°%C

HEXUJIble AOMa OT 3aMep3aHHUs WM yBJaXKHEHHs B TedeHHe JJIHTE/b-
HOrO BpPE€MEHH.

Tens1o H3 TemJI0OBOro akKKyMyJsiTOpa MOXET NOCTYNaThb B HH3KOTEM-
neparypHble NMaHe/H NOJ MOJOM HJH PaJMaToOPbl, a TakKke B CHCTEMY
BO3AYLIHOro OTOMJEHHS. B 1esioM 3Ta cucTeMa HamOMHHAeT HEMEIKYIO,
omucaHHuyio B § 5.2, Ho cucreMa «Lennox» HECKOJNIBKO MeHblle.

Huxe Oyayr omHcaHbl coJHeYHBlEe TeMJOBbE HAcOCHhl ¢ OOblY-
HBIMH HMJIOCKHMH KOJIJIEKTOpPpaMH, BbINIyCKaeMhue cefiyac MHOTHMH
pupmamu.

5.4.3. SKCNEPUMMEHTANbHBIA AOM ®dUPMbI PHILIPS

3TOT 3KCMepUMeHTaJbHBIl noM mocTpoed B Aaxene (®PI) kak
riaBHadg 4acTh OPOrPaMMBl IIO0 HCUOJIB30OBAHHIO COJHEYHOH SHEPTHH H
5(¢)eKTHBHOMY HCMONb30BAaHHIO 3HEPTHH B 34aHUAX. AHaaus norpeo-
Jgenus sHepruy B PPI' mokasan, uro 509% Bcell mepBHuUHON 3Hepruu
HCMoJIb3yeTcsl B opMe HH3KoTeMnepatypHoro temia (Huxke 100°C).
Bonbwasa uactb 3roro Temsna HCMOJAb3yeTCs AJisl OTOMJIEHHs 3MaHHU U
ropsidero BoAoCHaGOxKeHHsI. OKOJIO MOJOBHHBEI 3JIeKTPOSHEPrHH TaKiKe
HCHOJb3YyeTcsl [JIs1 NMOJNYYEHHA HU3KOTeMIepaTypPHOro Temia, B OCHOB-
HOM JJI5l OTOMJIGHHS XKHJIHIIL,

O6uenpusHano, 4To paspaboTKa 3HeprocGeperaolell TeXHHKH A5
OTOIJICHHSI MOXKET CYIeCTBEHHO YJYYIIHTb 3HEPreTHYECKYI CHTYalHIO
B KOHTHHeHTaJ/bLHOI EBpomne, n/s yero mpemyioKeHb! YeThpe OCHOBHBIX
MeponpHATHS:

1) cHHKeHHe TENIOBHIX IOTEDPH 3AaHHEM;

2) BoccTaHoBJIeHHe TemJa cOPOCHOM BOABI H BO3AyXa;
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. 3) ucnosnb3oBaHHe aJbTEPHATHBHBIX HCTOUHHKOB JHEPrHH, 6e3Bpen-
HBIX JJIsl OKpyXKalolleil cpelsl (HampuMep, CONHIA K FPYHTA);
4) paspabGoTKa WHTETPUDOBAHHBIX SHEPreTHYECKHX CHCTEM AJd
3MaHuA.
Cxema sKcnmepuMeHTanbHoro pgomMa @uaumca npuBejeHa Ha
puc. 5.24. 3HaunTebHAs SKOHOMHsSI SHEPTHH AOCTHTHYTa MyTeM TEMJO-
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Puc. 5.24. CxeMa cHCTeMH OTOIJIEHHS C TeNJIOBHIM HacocoM joMa ¢upMu Philips
B AaxeHe ¢ TTOHHIXKeHHHM NOTpeb/ieHHeM SHEPTHH.

1 - Boaa; 2 — cBeXHR BO3AYX; 3 — X0/J; 4 -~ BEHTHAAUHOHHBII BHOGpOC; 5 — CoJHeYHas paaHa-
UHSA; 6 — TeNNOOOGMEHHHK; 7 — MHHHKOMIbBIOTEP; & — Teluo; 9 — XoJoAHas Bojaa; J0 — ropavas
Bofla; /! — TemaoBofi HACOC; /2 — GaK-aKKYMYJSITOp TENJa Ce3OHHHf; 3 — HarpeB BOAM; [4 —
TeNJIOOGMEHHHK B TPYHTe; J5 — c6pOC BOABI.

H30JSALHH, PEryaHpyeMoil BeHTHASUHM H ABOHHOTO OCTekJAeHus. B co-
YeTaHHH ¢ TEIVIOBHIM HACOCOM H ADYTHMH CHCTEMaMH 3TO MO3BOJHJIO
CHH3HTb MOTPEOHOCTb B 3HEPTHH JO /s MO CpaBHEHHIO ¢ NOTPEGHOCTHIO
OOBIYHBIX 3[1aHHH HIH 10 !/s IO CPaBHEHHIO ¢ MOTPEGHOCTHIO COBpEMEH-
HBIX XOPOIHO TENJIOH30JUPOBAHHLIX TOMOB.

Ortonaenne Tpebyer okojo 8300 kBr-u u obecneunBaercst cojHey-
HO#l 3HeprHeit ¢ akkyMyaupoBaHHeM Ttemja. CoJIHEUHBI KOJNEKTOD,
onyucaHHblil B § 2.5, nuraer Bofo#i G6aK-aKKyMyJsTOPp BMECTHMOCTBHIO
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42 M. Exeroano 6ak Hakanaupaer 10—12 teic. kBT-u. Ilyrem BoccTa-
HOBJIEHUS Tensa cGpPOCHOH BOABI 3JeKTPHUECKAs MOUIHOCTh IOPSYEro
BOLOCHaGXeHHs1 cHHXaerca Ha 50%.

TennoBoit Hacoc B 5TOM JOME HCHOJNB3YeT HECKOJNbKO HCTOUHHKOB
TelJsla, MOKa3aHHBIX Ha pUcyHKe. [ToxseMaH#t KoOJJeKTOp, COCTOSHIMA
3 120 M nnacTHKOBBIX TPYOOK, pasMelleH MOJ IIOJOM J0Ma H Haer
renso s uenaputeas npu 7°C. Tlocse nmoBbIeHHsT TEMIEpPaTyphl B
TenJoBoM Hacoce Ao 50°C # 3To Temso moctynaer B 6ak ropsiuero BO-
nocHaGxenust. TensoBofi Hacoc 3JeKTpHYeCKOM MomiHocThio 1,2 kBT
pabotaer ¢ KOI1=3,5 u naer okono 3,5 kBT renna. Oxnaxaenne 3xa-
HHSI JIeTOM ocCyulecTAsieTcs (Ge3 TEeMIOBOrO Hacoca. Temnblt BO3AyX
APOKAUHBaeTCs 4Yepe3 XOJ0AHBH moaBajs. COpocHas BOAA CJAYKHT
HCTOYHHKOM Temjia AJS TEmJIOBOrO Hacoca. [lyTeM BoCCTaHOBJEHUs
Temja KaK ¢ NOMOLIBIO TEIJIOBOI'O HACOCa, TaK H OOBIYHOTO Tensool-
MEHHHKa JXHIKOCTb — XHJKOCTh IONOBOfl pacXoj IHEPTHH Ha HarpeB
BoAbl MOXHO cHU3NTDh ¢ 3980 no 980 xBT-u. HTepecHo OTMETHTH, 4TO
mosiHoe moTpebsieHHe HeDTHH 3JeKTpoofOpyloBaHHEM B 3TOM JOMe,
KOTOpOEe MOXKHO paccMaTpHBaTh KaK HCTOYHHK TEmJIOrO BO3AyXa, CO-
craBasier 2915 kBT-u B rog, OHO BKJIOYAET CYHUIHJKH MOCYHAH, XOJIO-
JIUJBHAK, MOPO3HJGHHK, 3JeKTPOMJHTY, OCBelleHHe H TejeBH30p. Boc-
CTaHOBJIEHHe Telia HAarpeToro BO3AyXa OCYWIeCTBJAAETCA NMyTeM moJo-
rpeBa IPHTOYHOTO BO3AyXa BO BpAILAIOLIEMCS pereHepaTope.

5.4.4. TENAOBLIE HACOCH ANA AOMAIUHEIO NPMMEHEHMS

C6pocHoe TemsIo HCIOJb3YeTCS B AOMALIHHX YCJAOBUAX AJS OTOINJE-
HHA, TopAyero BogocHaGHkeHHsa H, Gosee PenKo, JJIsS TOTO CaMoro mpo-
Iecca, B KOTOPOM OHO Bo3HHKaeT. Oco6eHHo HHTepecHa pabora, OTHO-
cAIascs K MmocjelHed KaTeropuu, mposoguMasi 8 N'onnanauy, rae Ten-
JIOBOH HacoC WPHMEHEH AJis AOMaimrHeH CymHAKM nmocynasl. Temso BhH-
6pacpiBaeMOro BJaXHOI'O BO3AyXa HCHONb3YeTCs AJAA MOZOTpPeBa Cy-
XOro, MoJaBaeMoro B CyMHJKY. B crHcreMax ¢ 3aMKHYTHIM LHKJOM J0-
CTHraeTcsl CyllecTBeHHast SKOHOMHs sHepruu [29].

CywHJIKH NOCYJH elle He NOJYYHAH LIHPOKOTO PaCHpOCTPaHEHHS.
Tak, Hanpumep, B loananauu B 1972 r. Toapko 5 gomos u3 100 nemosn-
30BaJIi CYIIHJKH, TOTla KaK CTHpPaJbHBE MALIHHB NpHMeHaAH 85 u3
100. OnHako TeHAeHL U TaKOBA, YTO KOJHYECTBO CYLIHJIOK MOXKET BO3-
pactu go 50 na 100 goMoB ¢ exeroxHHM mnorpebnerHem 10?2 kBt-u
371eKTPO3HEPTHH JJs HarpeBa, YTO JIpeACTABJSET CYHIECTBEHHYIO LOJIO
HAILHOHAJBHHOTO HOTPebJ/eHHs] SHEPTHH.

Hekoropble CymIMaKy MOCYyAB HCIOJNB3YIOT 3aMKHYTHIH IHKJ, KOTrAa
TemJbiil BJ1aX{HbIl BHIGPOC OXJIaXKAAeTcsl BOAOH MJIH BXOASLIMM BO3NY-
xoM. MHorza Hcmosbayercss OTKPHITHIH LHKJA ¢ BHIGPOCOM BJIarH mpsi-
Mo B aTmocdpepy. CymHika 3aMKHYTOrO LHKJa [0Ka3aHa Ha
puc. 5.25, a, a ee OCHOBHBE XaDaKTEPHCTHKH NMpPHBEJEHH B TabJ. 5.4.
K neo6xoxuMoMy BpeMeHH cyIIKH — 62 MuH nobasasercs ewe 10 MHH
IJsl OXJaXKAeHHS ONeXAbl C 3aTPaTofl HEKOTOPOR PHEPTHM Ha MPHBOJ
OXJIaXK/AloIero BeHTHJAATOpa. Tenao nJsi CYLIKH NOCTaBJSieTCs 38
cueT 3JASKTPOIHEPIHH,
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Ipuvenenue remoBoro Hacoca (pHc. 5.25,6) naer cyuecTBeHHoe
CHHXKeHHe notpebienns snepruu. Temnnifl BAaskKHBH BO3AYX H3 CYHIHJ-
KM MPOXOLHT B HCMAPHTENb TeIJIOBOrO Hacoca W oxaaxpaaercs. IIpH
OXJIaXJeHUd H3 Hero BhbiNajaeT BJara, H BO3AYX CTAHOBHTCS TIPHIGIL-
HBIM JUIS peUMpPKyJasuud. B HcnmapHTesne HCIOAB3YIOTCS KaK sIBHAS, TaK
H CKPBITas TemJIOTa YXOAsUlero BO3AyXa. PemHpKyJHPYIOUHHA BO3AYX
HPOXOAHT CKBO3b KOHAEHCATOD M HArpeBaeTCs TemIOTOH KOHAEHCAIHH.
Bropas koadoHKa Tals. 5.4 nokasbiBaeT pacuyeTHble XapaKTEePHCTHKH
TaKOH CYUIHJAKH 3aMKHYTOTO LHKJa ¢ TENJIOBHIM HACOCOM, OTKyAa BHJ-
HO, YTO NOCTHTaeTCst SKOHOMHS 3HEePTHH oKoJo 48Y%.

Q
V4
)
Tp=11% 5|77
- Ty=52
; 4] T7=11% 3
™ E—Z ity /
Tr=44 Te=44
a) 74.=//‘7

. 7,44
. = Tg1=20

Puc. 5.25. CxeMb 1oMaLlHeil =420 1, a1
cyuiuaky obpuHOH (a), ¢ Tem-
JIOBbIM HacocoM (6). 7118
J — 3aeKTpoHarpeBatelb; 2 — Gapa-
GaH; 3 — oxnaAuTeNb; 4 — TeNJOBOH T5=44
Hacoc. 6)

HcnbiTaHHst CYyWIMJAKH OTKPBITOTO IMKJAA C TEMJIOBLIM HAacoCOM IIO-
KasaJd yTpaTy YacTH MPEeHMYIecTB H3-32 HEHCIOJb3OBAaHHA DELHPKY-
aauun. Kax BugHo us taba. 5.4, MakcuMaJnbHas teMmnepaTypa BO3AyXa
B CTaHJapTHOH CyuIW/IKe, H3MepeHHass Ha BXOAE, COCTaBJAET OKOJO

Ta6nauua 5.4. XapaKTepHCTHKH CYLIHJIOK

TennoHacocHast CYWIHJAKA
OGuiuras
Xapakrepucruka 3:,’;1::;1330 Pacuer JKcnepHMenT
LHKJ2 (3aMKkHyTHIT (OTKpPBITHIR
LHKJT) LK)
3arpyska Geabs, Kr 3,7 37 3,7
Hauanbuas Bnaxuocts Gedbs*, % 71 71 71
Koneunasn BAaXHOCTh, % 1 0 1,3
Hcnapsemas Boja, Kr 2,6 2,6 2,6
BpeMst CyLIKH, MHH 62 62 62
IMosnxoe BpeMsi LHKJIE, MHK 72 72 72
Moiurxocts, KBT 2,75 1,36 1,72
[MToTpeGaenne sHepruy, KBt 4 2,88 1,49 1,56
Yaenouuie 3ueprosatpaTe, KBT-ufkr 0,78 0,40 0,42
MaxkcuManbHasi TeMmepatypa Bosayxa, °C 114 114 72

* 3a 0% ApPHHHMAIOT PABHOBECHYIO BJAXKHOCTL XJonmKa npu 20 °C H OTHOCHTEALHON BJAAXHO-
CTH Bo3ayxa 65%.
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114°C. Ins noayueHHss Takoi TeMIOEPATYPH C MOMOWbBIO TEMIOBOrO
Hacoca HeoOxoxuMa TeMmuepaTtypa KoHAeHcauun 125—130°C. B 3kec-
nepuMeHTax NpHMeHAAH xJaajgoareHTbl R11 mau R113, uMewoiuue Bhi-
COKYIO KPHTHUECKyl0 TeMmepaTypy, HO He yAaJjoch moxobpaTh repme-
THYHBIH KOMIIPECcop, H yAeJbHas TeNJONpPOH3BOAHTENLHOCTD Gbijia HH3-
Koil. B konlle xoHUOB Obly BeiOpaH xaagoareHT R12, n n3-3a ero Hu3-
Kot KpuTHyeckoii Temmepatypnl (112°C) tpebyemas pabouas Temme-
patypa okasagaach HeZocTHxKHMOK. CHHXKeHHe paboueil Temneparypsl
Bo3lyxa 0 72°C KOMIEHCHPOBaJoCh MOBBLILIEHHEM pacxola BO3AyXa.

17
20
%, %
L6y 700
80+
12F 60}
“r
g8fr 20+
04F L { 1 L ! L 'R

7 Vi /4 30 40 50  T,MuN

Puc. 5.26. 3aBHCHMOCTb AaBJEHHS, TEMIEPATYPH H BJAAXKHOCTH OT BPEMEHH B TeYeHHe
CYLUHJIBHOTO IHKJIA ¢ TeINIOBHM HACOCOM.

1 — 3 — nyCcK KOMIpeccopa, CYWHAKK H HaPYXKHOIO BeHTHAATOPA COOTBETCTBEHHO; 4 — OTKJAIO9EHHE
KOMIIpeccopa; § — JaBfieHHe XJaJoareHTa Ha BHIXOJE H3 KOMIpeccopa; § — OTHOCHTEJNbHAs BAaX-
HOCTL BO3AyXa Ha BHIXoAe H3 GapaGaHa; 7—9 — TeMmNepaTypa BO3AYXa Ha BbIXOAe H3 KOHAEHca-
TOpa, GapaGaHa H HCNAPHTEAR COOTBETCTBEHHO; /0 — naBJaeHHe XJajoareHra Ha BXOJ€ B KOMHpeC-
cop.

O paGoTe CYIUHJAKH C TEMJIOBLIM HAaCOCOM MOXKHO CYAHTb HO
pHc. 5.25. Ee stanmsl TaKOBHI:

1. B mMoment {==0 BkJIOYaeTcs KOMIpeccop, H B TeueHHe 2 MHH
JaBJeHHe xJaajnoarenta gocruraer 1,5 MIla.

2. B momenr {=2,25 MHH BKJIOYalOTCS CYWHJKAa H BHYTPEHHHH
BEHTHJ/SATOP, a faBJeHHe moBwimaercs xo 1,6 MIIa.

3. B MOMeHT f=25 MHH BKJIOYaeTcsi BHEIUHHH BEHTHAATOP, HEO6XO-
NUMBII NpU yBeJHYeHHH pacxoia BO3AYX4d; AaBJEHHe BO3pacTaer Jo
2,1 MIla,

4. Uepes yac KOMIOpeccop OTKJIIOYaeTcs, HO BeHTHaATOp H 6apaban
NPOAOKAIOT Bpamarecs emie 10 MuH.

3necs KOII rennoBoro nacoca Gula paBeH 2,1 u corjacHo HCHbTa-
HHAM 3KOHOMHA 3HepruH cocraBasna 38—41%. Ho nacrosimero Bpe-
MeHH AaHHBIX O CTOHMOCTH YCTAaHOBKH HeT, MPOBOJAHTCA AaJjbHeHIIas
pabota nmo o0belHHEHHIO CYIIMJIKH C TeNJOBBIM HacocoM, ONTHMH3a-
HMH OyTel LHUPKyJAsSUHH BO3AYyXa H CHHIKEHHIO NOTepb Tensaa. Peko-
MeHAoBaH Gosee MOAXOASMINHA KOMIPeCccop.
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5.4.5. DKCNEPUMEHTANbHbIA AOMALLHMK TENNOBOK HACOC
CTMPNIUHIA

B Tlonnanpuu y duaunca B BanpaxoseHe paspabaTbiBaercs eule
OfHH TemaoBofi Hacoc. 3Jech CO3[aHa 3KCHepHUMEHTaAbHAad CHCTeMa
oToIJeHHs, o6CayKHBalomaa ABa yactHeix goma. CHcTeMa BKJloyaer
HeGoJsplIOf ra3oBplil gBuratenb CTHPJAHHIA, ONHCAHHBIN B TJa. 2, NpH-
BOAAIHI KOMIDECCOp TEMJIOBOTO Hacoca, 3aMeHAIOMIMH OOGBIYHBIH KO-
Tea HeHTPaJbHOTO OTONJIEHHS.

Teopernyeckne W 3JKCHMepHUMeHTaJbHBle HccieAoBaHHsa @Ouaunca
NMOKas3aaH, 4To 3(P(PeKTHBHOCTb TEMJIOBOTO HACOCZ C TNPHBOAOM OT
asuratenss CTHpAMHTAa BABOE Bbille, 4eM Y OOBIYHOIO Tas3oBOro
KoTJa.

B ponoaneHHe K TEIJIOHACOCHOR yCTAHOBJIEHA M oObluiasi cHCTeMa
HEHTPAJbHOTO OTOIJIEHHS, YTO MO3BOJISET MPOBECTH MpPSIMoe CpaBHEeHHe
KOTJIa ¢ TenaoBbiM HacocoM. OmbBITH NMPOBOAST B TeueHHe ABYX-Tpex
3HMHHX Ce30HOB C OXHOBpPeMEHHOH oTpPalOTKOH TeXHOJOrHH ABHraTenast
Crupaunra. [locraTo4HOH HHPOPMAUMH [/ OpPraHH3alMd Macco-
BOH NpPOAYKHHH H OUEHKH HAaZeXHOCTH pas3JHYHBIX KOMIIOHEHTOB
elile Her.

Hcrounnkom temsia sl TEMJIOBOIO Hacoca CJyXHT BOAa H3 CKBa-
XKHHBl. B cucremy TennocHaGkeHHS BMecTe C TelJIOTOH KOHAEHCALHH
TENJOBOI0 Hacoca MOCTymaeT TeIJIOTa OXxJaxKiaeHHs asuratens CTHp-
aunra. IlogseMHas Boja HECKONBKO OXJaXK/JAaeTcsi, HO OOJblIe HH B
ueM He H3MEHSIeTC H YXOAMT o0paTHO 4epe3 ADYryl0 CKBaXHHy, Tje
ee TeMrnepatypa BOCCTaHaBJHMBAeTCs [0 NMepBoHayaabHOM. B smabopa-
TOPHBIX 3KCIEPHMEHTaX HCCJAeIYIOT TaKyKe BO3MOMKHOCTD HCIOJb30Ba-
HHSl TeNJIOTH OKPYKAKIEro Bo3AyXa.

OranauBaeMble foMa uMeOT 06beM 470 M8 kaxawii. Mx remoBbie
NOTepU CHHIKEHH NyTeM IOMNOJHHTEJNbHOH TEMOH3OJASHHMH CTeH, noJa
H KDHIH, a TaKXe ABOHHOro ocrekjenus. Kaxiwiii goMm norpebaser
Bcero Jquih 9,3 kBT npu HapyxHoit TeMneparype —10°C. Takoit xXe
AoM ¢ 0OblyHOH H3o/AUHedt moTpebaser okoso 20 kBt. doma o6opy-
JI0BaHbl He TOJbKO OOBIYHBIMH PAAHaTOPAMH, HO M IPEIOUMMH NaHeJs-
MH B 1cdy, 4TO MO3BOJISET NOLABATh OT TEMJIOHACOCHON CHCTEMBI TEmIo
Ha IBYX OTHOCHTEJIbHO HH3KHX YPOBHAX TeMmepatyphl (35 u 50°C).
TemnonacocHas  ycraHoBKa ~ CMOHTHpOBaHAa  CHAapyXH  34aHHH
(puc. 5.27, a).

Tennoso#h Gananc. ORHOUMIHHAPOBHI ABHraTedb AH3ENS
AaeT Ha BaJy MOIHOCTh 5 KBT. @akTuuecku on paboran Ha npHPOI-
HOM rase, HO MOXKCT HCIOJb30BaThb JI060e XKHUAKOe HIH razoobpasHoe
TOMIHBO. DrixJsonnuie rasel nMeloT Temmepatypy 250°C, OHH OXJax-
Aa1Tcest ceTeBol BoAo# npumepHo o 60 °C.

Kak BuaHo u3 puc. 5.28, 6, okono 55% c6pocHoro Temna cropaHms
MOCTYMaeT HENMOCPEeACTBEHHO B CHCTEMY OTOMNJICHHS H3 CHCTEMbl OXJ1aXK-
A€HHs OBHTaTeNsA. 311eChb He NMPHMEHSIOT NPOMEXKYTOYHBIH TEeIIOHOCH-
Tesb, a TeMiepatypa BOAb A0XOoAHT ;o 55°C. Oxkono 259% renmorsl
Cropanud TtomyauBa mpeo6pasyercss B ABHraTede CTHpJHHra B MeXxa-
HHYECKYIO0 3HEpTHIO, HAYINYIO HAa NPHBOA TeEMJOBOTO Hacoca. Takum
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Prc. 5.27. YcranoBka ®u-
aunca (@) ¢ TpHBOAOM
TenJoBOro Hacoca OT JBH-
ratens Crupauura (6) B
Tonnanauu.

S — nBuratenb CTHPJAHHrA;
P — TennoBoft Hacoc; R —
KOMHaTHHA paguatop; B —
Hacoc H3 CKBaxHHH; G —
HarpeBaTenbHas  MmaHen B
noay: I/ — koMnpeccop; 2 —
KoHmeHcatop; J§ — HCOapH-
Tenb; 4 — paGodee Tesno Ten-
noBOro Hacoca; § — cerTeBas
Bofla OTOMJEHHA; § — BOAa
H3 CKBaMHHBL

= VHEUNIO,

[ N AR




.o6pasom, moJie3Hoe HCMoJAb30BaHHE TEMJOTHI ClOPAHHSl cocTaBisieT
809%, ocra.abHoe BbiOpaceiBaeTcs (cM. pHc. 5.28,8).

KosinyectBo Tensa, nofaBaeMoro TemJOBBIM HAaCOCOM 34 CYyeT HC-
NnoJib30BaHHA TEMJOTH MOoA3eMHOH BOAb, B 3—4 pasa mpeBblllIaer o-
Tpebienne Mmexanuueckod sHepruu (KOIT=3-=4). Ilpocroit moacuer
nokassiBaer, uyto KIID cucteMbl JABHrare/b-}TemJoBO# Hacoc pa-
BeH 1,4.

TennonpoH3BOAHTENBHOCTh CHCTEMbl  peryJjHpyeTcs liaMeHeHHeM
ckopocetn asurateas ot 750 po 3000 06/MHH, UTO COOTBETCTBYCT H3Me-
HEeHHIO TenJoBOi MOLIHOCTH oT 8 xo 25 kBT. B sToM cocToHT oTaHuHe
CHCTEMBl OT TEMJIOBHIX HAacOCOB C 3JIEKTPONPHBOAOM HJH 0OBIYHOTO
{IEHTPaJbHOTO OTOMJIEHHS, PEryJHpyeMblX NMyTeM BKJIOYEHHs — OTKJIO-
yeHHsi. HenpepbiBHOS peryJHpoBaHHe 3TOH CHCTEMBl MOBbIIAET ee 3(-

Puc. 5.28. Tlotoxn
JHEpPrHH OT KOTelb-
Hoi (a), TenjoBo-
ro Hacoca ¢ 3JeK-
TponpHBoaoM  (6)
H TEMJOBOrO Haco-
ca ¢ jaBHraresem
Crupautra (8).

(eKTHBHOCTb. TONBKO KOrga TensioBas Harpyska najaer HHXe MHHH-
masbHOf aa cucrembl — 8 KBT, ee perysnnpoBaHHe mnepeBoAHTCS Ha
BKJI0YeHHe — BbiKJAI0ueHHe ipun 760 o6/MHH. IIpu 3ToM okpyxkaiomas
TeMIepaTtypa cocrasaser okogo 8°C.

Cucrembl HeNpepBLIBHOTO PeryJHpPOBaHHsl TEMJOBLIX HACOCOB C 3JeK-
TPONPHBOAOM pa3pabaThiBAIOTCA KaK B AHIVIHM, TakK H Bo PpaHIHH.
PerynnpopanHe npoH3BOAHTCA 3a CYeT H3MeHEHHS pacXOAOB XJalo-
areHTa Npu H3MEHeHHH CKODOCTH JBHraTeJd H H3MeHeHHeM OTBepCTHA
" B ApoccesbHOM KiaamaHe. Mi3BeCTHBI MOMBITKH NMPHMEHEHHs HJs CHCTeM

ynpasJjieHHA MHKPOMpPOLECCOpPOB.

‘ Ha puc. 5.28 conocraB/ieHbl MOTOKH SHEPTHH B PaCCMOTPEHHOMH 3KC-
NepHMEeHTaNbHOH cHcTeMe ¢ OOBIYHOH KOTeJNbHOH H TeNJIOBBIM HAcoCoM
¢ 3jaexkTponpHBogoM. CHCTeMH @ H O JONYyCKaloT AaJibHeHIlIHe TeXHH-
YeCKHe YCOBEpIIeHCTBOBAHHA, HO OYEBHAHO, YTO B CPaBHEHHH C HHMH
IKcNepHMeHTanbHas cucteMa B («CTHpPJHHI» 4+ TeMJOBOH Hacoc) HMe-
eT O4eHb BHICOKYI0 3(pderTHBHOcTh. OHa mnoTpebisier rasa BABOC
MeHbllle, YeM OOBIYHBIH ra30BHii KoTeJ.

Caenyer oTMeTuTb, 4To ee KIID 6sH30K Takke K npeackasaHHaM
AJs a6copOUHOHHOrO HHKJNa H ABOHHOTO IUKJa PeHkHHa.
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5.4.6. IPYTUE CHUCTEMbl M PA3IPABOTKM

HsBectHl pa3paloTKH psifa IPYTHX TeNJAOBHIX HacocoB. Huxke
NpHBelJeHbl NPHUMEPH, KOTOpble MOTYT IOBJAHATbH Ha BHIOOp TEMAOBBIX
HacocoB B OyaynieM.

Ab6copbyuonnelii yuka domaiuHeeo Tenaogoeo Hacoca. Kak orme-
yeHO B TJ. 2, a6CcopOUHOHHBIH IIHKA HCHNOJAB3YIOT AJS llenaell oXJaxiue-
HHUS HECKOJIbKO AECSATH/IeTHH, B TOM YHCJAe H B XOJIOZHJIBHHKe C raso-
BbIM mogorpeBoM «Electrolux». Onnako /s TenJoBbiX HaCOCOB, TaK Xe
Kak # nuki CTHpJHMHTa, OH ellle He Hallle] IIHPOKOro NMpHMeHeHMs.
B psje cTpaH uMeIOTcA TPOTpaMMBl HHTEHCHBHBIX Pa3paboToK, Tak yTo
B 80-e roapl 1oMaHH{ a6COPOLUHOHHBIA TENJIOBOR HACOC NOAYYHT MPH-
MeHEeHHe, a BO3MOZKHO, M CTaHeT GoJiee NpHBJEKATEIbHLIM, UeM Iapo-
KOMIIPECCOPHBIA ¢ 3/1eKTPONPHBOILOM.

Kak u npyrue TensnoBble Hacochl, abcopOGUHOHHBlE CHCTEMBI HCIOMB-
3yIOT Temsio BO3Ayxa, Boabl Wau rpysra. Ilopo6Ho asuratenio Crup-
JIHHTa OHM MOTYT HCIIOAB30BaTh /MI000e HCKOMAaeMoe TOMBKO st MOJIy-
YeHHsS] BbICOKOTEMIEPATYPHOro Temja M HarpeBa reHeparopa. Pabouum
TeJOM JAJst AOMAIUHHX TENJOBBIX HACOCOB CJYXKAaT CMeCH aMMHaK —
Boja, GpoMHCTHIH JautuHit — Boja auGo R22/E181 (E181 — pacrsop
TeTPa3THIeHIVIUKOAbAUMeTHA2DHpa). MomHocrs cocrasaster 10—
12 kBr, a TunuuHoe sHauenne KI13=1,2+1,4. Ha puc. 5.29 nokasa-
Ha 3apHcHMocTh KIID or Temmeparyp BLHICOKOTEMHepaTypPHOTO H HH3-
KOTeMIepaTypHOIc HCTOYHHKOB [31].

I'azoBbie TemJaoBbie HACOCH NpeIHA3HAYEHBI A/l PEKOHCTPYKIHH
3panuit. Onu KOHKYDHPYIOT ¢ ra3oBHIMH KOTeJAbHBIMH. B 3rofi cBs3M
a6copSiuHONHDbIe YCTAHOBKH OGBIYHO KOHCTPYHPYIOT MO CXeMe BO3AyX —
Boga. Ilepcnextusnl Takux cicrem B EBpone u AHrauu BechMa 6aaro-
NPHUSTHBl JJIA 3aMeHbl OObIYHBIX KOTJAOB pACHPOCTPAHEHHBIX CHCTEM
BOJSIHOTO OTOIJIEHHS.

B [31] npoBemen 3KOHOMHYecKH#l aHafH3 aGCcOPGUHOHHOrO HMKJIA
n Haﬁngﬂsm 3HAaYeHHA NpeResJbHbIX A00ABOYUHBIX KAaMHTAJA0BJIOXKEHHH
(taba. 5.5).

Ta6auua 55. IKoHOMHKA AOMAWHHX a6GCOPOGUHOHHNX TEMJOBHIX HACOCOB

OO6nluHas KoTelbHAR AGcopGunonnsif
TenaoBoft Hacoc
XapakTepHCTHKa
las HedTb N Tas HedTs
TopoBOf 9KCINYATaLHOHHH 8,32 8,62 6,30 6,35
pacxoi, HeM. Mapok/m? no-
na
[TpenenpHble J10GaBOUHHE Ka- —_ — 5600 6300
nuranosroxenus B THY,
HEM. MapKH

Croumoctb sHepruu B ®PI' B To Bpems, Korza npoBOJHIHCH pacye-
Tol; ra3 — 0,28 nem. mapok/M®; HedTp — 0,32 HeM. MapoK/a; dAeKTPHU-
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yecTBO — 0,11 maa Mmagoro norpe6aenus # 0,10 Hem. Mapok/kBT-u —
LI cpexHero motTpebeHHus.

Homawrnuii Tenrosoti nacoc ¢ 08odinoim yuxaom Penxuna. Tunug-
Has CHcTeMa ¢ JBOAHLEIM UMKaAOM PenkuHa (cM. ra. 2) paspaboTaHa
T'nunseaoM. [Ipeanonaraocs nosyunTs B Helt GoJee BHICOKYIO ddexk-
THBHOCTB, YeM Y ab6copGLUHOHHBX TeMJIOBHX HAaCOCOB, H 3KOHOMHIO Iep-
BHYHON 3HEPTHH, 3HAUHTEJbHO GONBIIYIO, YeM Yy TEMIOBHX HacoCoB C
3/AEKTPONPHBOLOM.

CxeMa I'nuuBena mokasana Ha puc. 5.30: mapoTypOMHHBIA LHKI
Penknna HemocpeACTBEHHO CBA34H C MapOKOMIPECCHOHHLIM TEMJIOBHIM
HacocoM. EnuHCTBeHHast [BHXKyIUAasicd 4YacTh—3TO BBICOKOCKOPOCT-

Tap [ A3 7 J 7
°c 15 p,
b/ o
w5k 14 N -
144 z
wf’ /! i
F R
- / A3
184 /
124
5 9 5 W T
Puc. 5.29. 3asucumocrsb KII3 a6cop6uHoOHHOrO HHKIa

OT TeMIepaTyp HCTOYHHKA Tyer H NpHeMHHKA Txp
TemJa.

Puc. 5.30. CxeMa nBofiHoro nukna Penkuna, paspaGotannas I'IHHBenIOM.

1 — nutaTenpHHR Hacoc; 2 —rasoBas Topefika; 3 — KoTed; 4 —TypOuHa; 5 — pereHeparopy 6 —
KOHACHCATOD NPAMOTO IKKXa; 7 — OKpyaKalomuf Bo3xyx; 8§ — RpoCceabHLIl KaanaH; 9 — KOHOEH-
<aTop o6paTHOro NHKJa; /0 — Tennocerb; /! — HCnapHTeab; 12 — KOMIpeCcop.

HOM POTOP HA MOALIMNHHKAX € rasoBoil cMmasKkofi. PaGouee Tesio ¢ BH-
COKMMH TeMIlepaTypoil M RaBJeHHeM pacUIHpAercs B MHHHATIODHOH
TypOHHe, palouied MOIIHOCTL AJs1 NPHBOAA LEHTPOOEeKHOro KoMmpec-
copa. YUacTp Tenmjia HCHOJb3YETCS B MPOMEKYTOUHOM TemJIOOOMEHHHKe-
reHepatope JJs MOZOrpeBa XKHUAKOCTH, BXOAsllell B HarpeBaresas. JlBa
KOHJeHCaTopa NOJAIOT TelJo B CHCTEMY AOMAaHIHero OTOIJEeHHS, KOTO-
past MoXet ObITb KaK BOAsIHOM, Tak H Bo3xymHo#H. Hacoc pis mojakay-
KH JXHIKOCTH Da3MelleH Ha TOM XKe BaJy, 4T0o H TypOOKOMIIpeccop.
ITeppuunoe TomnuBo — ra3. BosMoxkHa cucTeMa peBepca IJs HOayye-
HUA 3¢deKTa OXJa¥AeHHsd, KaK # B aOCOpOUHOHHOM LHKJE.

Maenurnoii Tenaosoii nacoc. HepaBno B CIIA [33] paspaboran
BHICOKOY() PEKTHBHHA TEMJOBOH HACOC, HPeACTaBJIAOMHACA nepCheK-
THBHBIM H /I JOMalIHEro NpuMeHeHHs. 31eCh HCMOJb3yeTCs TBepAblH
¢deppoMarHuTHBIH MaTepuaJ Kak XJaajgoareHT B MamnnHe CTHDJHHTA,
paborawoliuii B IIHPOKOM HHTEpBaje TeMnepatyp. Baarojaps moHH-
JKEHHHIM KaNHTaJbHBIM M SKCIIyaTAalHOHHBIM pAacxXxoZaM CTOUMOCTb
cucteMbl cocrasasier 0,2 nona./BT xoaoxuabHo#i MomHocTH. [ToTeHIH-
aJIbHble TIPHJIOXKEHHS ee JOJKHBI OBITh LIHPOKH.
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Sddexr MarHHTHOTO TEMJIOBOTO HAcoca yXKe LABHO HCHOMb3YeTCs
B J260paTOPHON MpaKTHKe AJif MOJYYeHHS KPHOTeHHBIX TeMIEeparyp,
HO 2 ) mocJeJIHero BPeMeHH He ynaBaJjoch HAHTH MaTepHaJoB, MO3BO-
JFI0ulHX OCYIIeCTBHTb OXJa’KAeHHe M HarpeBaHHe INIDH KOMHATHBIX
TeMunepaTypax. MarHHTHBII TemJoBOH HaCOC MCIOJAb3yeT MarHeTOKa-
Jopududeckuil a¢Pekt B MarHHTHOM MaTepHaJe, TeMIepaTypa KOToOpo-
TO MOBBIIAETCH NMPH HAJOXKEHHH MATHHTHOIO HOJS H YMeHblIaeTcs NpH
.CHSITHH 1OJIA.

Peaabnbiit sbicokoaddexTHBHBIA TenaoBofl Hacoc HCHOAb3yeT pe-
redepaTUBHLII TepMOZMHAMHUYECKUH LUK ¢ paboyHM TeaO0M H3 rajo-
JauupA. MccaenoBanHs NpoaeMOHCTPHPOBAAM CyUIeCTBEHHblE mpenMy-
HiecTBa TOro YCTPoicTBa MO CPAaBHEHHIO ¢ APYTHMH TETJOBBIMH Haco-
CaMH H XOJOTHJAbHUKAMH A5 MomHocrtel ot 10 mo 1000 xBr npu rem-
mepartypax or —40 go —60°C *,

5.5. YCTAHOBKM, MMEIOLLIMECS B MPOAAXE

B stoMm pasjene omuCHIBAIOTCA HECKONbKO HMEIOIHXCS B NpPOAAXKe
JOMaHIHUX TeNJOBBIX HACOCOB JJIS PAa3jHUHLIX KAHMaTHUYEeCKHX yCJo-
Buil. Broibop eBpoueiickux GHPM He yMeHbIIaeT 3HAYeHHS MacCCOBOTO
npoussoacrBa ycranoBok B CIIIA. On nokasblBaer, 4To U B YCAOBHAX
Epponbt u AHramu AoMamHHe TemIOBble HacOChl pabOTalOT YKOHOMHY-
HO M HMMeIOT Pa3yMHBIi CPOK OKyNMaeMOCTH, HeCMOTPS Ha TO UYTO HX
NpHMeHEHHe OIPAaHHYHBAETCS TOJBKO OTONMHTENBLHBIM CE30HOM, KOTO-
pblii MeHbllle, YyeM IIPOAOJKHTENBHOCTb KPYIJIOTOAHYHOrO KOHIHIHO-
HHPOBaHHS BO3AyXa PeBePCHBHBIMH YCTaHOBKaMH.

5.5.1. NPOCTOA PEBEPCMBHbLIM TEMNNOBOW HACOC BO3JYX — BO3ARYX

bBes comuennsi, HanGoJiee MHPOKOe NPHMEHEHHe AOMAalIHHe TEMAOo-
Bble Hacochl peBepcuBHoro THna Hauwin B CHIA, rae ux mpoHsBomAT
MHorHe ¢upMmbi. [lpumMepoM MoXeT CHAYXHTb NPOAYKUHS (HDPMBI
Carrier.

Kax ynomHHajoch paHee, TemaoBOH Hacoc JHOO BHINOMHSAETCS B
BHJAe eJMHOro arperarta, jaubo MoxeT ObiTh pasaeneHHbM. Pupma
Carrier Boinyckaer o6e MoxudHKauuu. ArperupoBaHHasi yCTAHOBKa ¢
KOMIIPeCcOopoM, HCIapHTeNeM H KOHIEHCAaTOpOM B eNHHOM Kopmyce,
YCTAHOBJEHHOM Ha IPYHT CHADYXH 3JaHHd, MoKasaHa Ha puc. 5.31.

B stoM cayuae Bo3LyX B HOMellleHHe MOJEETCH MO KaHaaaM MOJ
nosroM. Ho tensioBofl Hacoc MOXKHO YCTaHOBHTb H Ha CTeHe HJIH Kpbillle
B 3aBHCHMOCTH OT PacHOJOXeHHs KaHaloB BHYTpH 3AaHud. CHcTeMa
JedpocTanyH HMeeT PeryJHpoBaHHe mo BpeMmeHu. UMeroTcs BeuTHJsi-
TOPBI [ MCHApHTeNss H KOHIeHcaTtopa, MOAOrpeBaTesin AJS NMPeNOT-
BpalleHHs PAaCTBOPCHHSA XJajoareHTa B Macje B HepaboueMm cocCTosi-
HUH ¥ HAKONHTeNb XKHIAKOTG XJaJ0areHTa mnepelJ BXOAOM B KOM-
npeccop.

* [IpakTHuyecKOoe NPHMeHeHHE MAarHeTOKAJOPHUECKOTO 3bdexra B TemJIOHAaCOCHOI
H6X0JIO)1HJII>HO}"'I TeXHHKe TpeACTaBaAdeT coboit HOBYIO H B€CbMa nepcner\'mm{ylo
00JacThb.
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Ha BbIGop moTpeGuTENIO NpEATaraloT JOHOJHATe/IbHble yCTPOHACTBA
ynpasJenus. Ecau Her apyrux BHYTPEHHHX NOTOJHHTEALHBIX HCTOUHH-
KOB TeNjad, peKOMeHAyeTCst YCTaHaBJAHBaTh 3JeKTpoHarpesarenb. B cu-
creme «Carrier» 3TOT 3JCKTPOHarpeBaTtefb MOHTHDPYIOT BHYTPH JHOO
CHapyXH TEMJIOBOro Hacoca. ABTOMAaThl BKJIOYAIOT 3JE€KTPOHATpeBd-
TeJdb, €CJAH TENJOBOH HAcOC BBHIXOAHT M3 cTpos. BHemHHA TepMocrat
BKJIIOYaeT ero H TOrja, KOTAa OKpyxKamollas TemiepaTtypa mnajaer

Puc. 5.31. ArperspoBaHHHH JOMalWHKA TENJIOBOH Hacoc.

] — o6paTHbIit BO3DYX; 2 — BHYTPEHHHA TepMOCTaT; 3 — MOJABOX 3JEKTPONHTAHHA; 4 — NJaBKHE
NpefOXPaHHTENH; § — GeTOHHHR (yHZaMeHT; 6 — maHedp OGCHYKHBaHHSA; 7 — TENJIOBOff HAcCOC.

HHXKe ONpeJeNeHHQro YpoBHA. BHYTPH nomelieHHss MOXKHO YCTAaHOBHTD
JONMOJMHHATEJIbHBlE TEPMOCTAThl A9 MEPeK/IIOUeHHs] HarpeBa Ha OXJaxX-
JleHHe H peryJiHpOBaHHe BEHTHAATOPOB.

XapaKTepHCTHKH 3TOr0 TEMJIOBOTO Hacoca JAaHbl B Taba. 5.6 mpH
CeIYIOUIHX TeMnepaTypHbIX yeaoBusx (°C):

OxaaxjgeHue

TeMmnepatypa cyxoro TepMoMeTpa BHYyTpH . . . . . . 26,7

Temnepatypa BJA2XKHOrO TepMOMeTpa BHytpd . . . . .19,

Temnepatypa cyxoro TepMoMeTpa cHapyx# . . . . . .35
HarpeBaHue

Temnepatypa cyxoro TepMoMerpa BHyTpH . . . . . . 21,1

Temnepatypa CyXxoro tepMomerpa cHapyx# . . . . . . 7,2

TemnepaTypa BJAaXKHOTO TEPMOMeTPa CHapYIKH 6.}
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Taénuua 5.6. Xapakrepuctuku arperupoBannoli ycranoskn «Carriers

XapaKTepHCTHKA 50M 027 50M 037 50M 047
HopmanbHas XOJIOLONPOH3BOA K- 7.7 10,7 14,7
TeJbHOCTb, KBT
HomuuansHas TeIJIONPOH3BOAH- 8,7 10,7 14,4
TeJAbHOCTD, KBT
KOII (oronnenus) 2,5 2,5 2,4
Macea, Kr 152,5 169,6 174,6
3apsap xaagoarenta R22, kr 3,0 2,9 4,0

Komnpeccop

TepmeTHuHbIH, ABYXUMJIHHADOBSIH,

2900 06/mHH
[MponenfiepHbl#t ¢ HeMoCpeACTBEHHBIM

BHelllHu# BeHTHAsITOP
npusozoM 1200 o6/MuH

MomuocTs aBuratens, KBt , | 0,19 | 0,19
BHewuit Tenmo06MeHHHK ITnocku#t opeGpeHHm
Yucno psifoB M war opeGpeHus, Mm 2X1,5 2X1,5 2X1,5
ITnowans ceyenus:, m2:
BHYTPEHHHH BHTOK 0,73 0,85 0,66
CPEeXHHI BHTOK — — 0,85
HApY3KHBIH BHTOK 0,77 0,89 0,89

BHyTpeHHU# BEHTHJSTOP

llenTpoGeKHbIH ¢ HEMOCPEACTBEHHBIM
IPHBOJIOM, FOPH3OHTaJbHBIH

H0M7ua.nbm>1ﬁ pacxos  BO3AyXa, 1690 2340 3190
M3/q
Junanazon pacxonos Boanyxa, M%/4 1360—2170 1870—2720 | 2470—3400
MouHocTbh ABHraTtess, kBt 0,19 0,37 0,37
CKopocTh BpauueHHst, 06/MHH 1100/975/900/825 | 900/850/800 | $00/850/800
BuyTpeHHuil TemyiooGMeHHHK (mjioc-

KHHA opeGpeHHbIH)
Yucno psjaoB ¥ mar opeOpeHHs, MM 3X2,0 3X2,0 3X2,0
Taomans cevenus, m2 0,31 0,43 0,43

B pono/fiHeHHe K 3THM OCHOBHbLIM JaHHBIM ¢(HpMa oObIYHO Aaer
cBeJieHdst 00 H3MEHEeHHH XapAKTeDHCTHK NPH H3MEHEeHMH pacxoja Bo3-
AyXa M TeMnepaTypbl BJAXHOTO HapYXKHOTO TepMOMerpa. PekomeHny-
IOTCS ¥ KOPPEKTHPYIIHe (AKTOPH, YUHTHIBAIOIIHE H3MEHEHHS TeMIe-
paTyphbl CyXoro HapysKHOro TEpMOMETpa.

AHanoruyHble JaHHblE TNPHBEAEHBl JJIsl Pa3AeJEHHOro TEeNJOBOro
Hacoca (puc. 5.32).

5.5.2. PABHOBMAHOCTM TEMJOBbBIX HACOCOB TMNA BO3AYX — BO3AYX

B 310M pa3saese KpaTKO OMHCAHBI CXEMBl ¢ MPHMCHEHHEM TEMJIOBHIX
Tpy6OK H COJIHEYHOI SHePruH.

TensoBbie TpyOKH ychmewrHo mpuMeHsawoTcs Bo OpaHuun B 60abUIOM
ypcJe JOMAliHHX TemJIOBbIX HacocoB. ATo ycTpoficTBo [24] mcmonbay-
eT HCHapeHHe — KOHAEHCAUUIO AJs TMepefayu Temaa NMOYTH H30TEPMH-
ueckd. TeAN00OMEeHHHK BO3AYX — BO3IYX MOXHO co0paTbh M3 HECKOJb-
KHX TellstoBblX TpyOok # mosyuuth KITJ or 40 mo 75%. Takue temno-
OOMEHHHKH HCHOJB3YIOT B CHCTEMaX BEHTHASIHMH H KOHAHIHOHHPOBA-
HHA 34aHHA W B MPOMBILIJEHHBIX Npolleccax [/l BOCCTAHOBJEHHS
Tenaa.
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B uacTHOCTH, ero YCTAHABAHBAIOT B BhinyckaeMoM Bo dpaHuuu refi-
JgoBom Hacoce «Aero-Plasts, moxasannom na puc. 5.33. B otnune or
MHOTHX TEeIL10BBIX HAaCOCOB BO3JAYX — BO3JYX 3/[eCh HCIOJb3YeTCs Ter-
JIO BO3jyxa, BhiGpaceiBaemoro H3 3nanusi. CucreMa paboraer caenyio-
WHM 00pa3oM: YXOAAUIHA BO3AYX INPOXOJHT Yepe3 HCNapHTENbHYIO
4aCcTh TEIJIOBbIX TPYOOK, OTAABas YACTh Tellsla, a 3aTeM yepe3 HCIApH-
Te/b TEILICBOrO Hacoca, rae OH OKOHUATENbHO OXJaXJAaeTcs mnepej

0 1 13

=== Jpylonpobos => flamox Grympenneco §030yxa
FAERTTIINGLENS &> omox napymnoes 8033yxe
Ynpadrenue

Puc. 5.32. PasgeneHHuit TeMI0BON Hacoc.

I — TenyIOBO/t Hacoc; 2 — NJIaBKHR NpPeROXpaHHTeAb; 3 — HaAPYXKHHR TepMmocTaT; 4 — NPOCTPAHCTBO
OT CTEHKH JAO YCTaHOBKH; 5 -— BHYTPEHHH{I TepMocTaT, 6 — BTOpOH CAHB KOHJHeHcara; 7 — TenJo-
OGMEeHHHK; 8 — NHHHSt napa; 9 -— JHHHA KHAKOCTH; /0 — MOABOX SJEKTPONHTAHHS; [l — niaaBKHi
npeAOXPaHHUTENb; /2 — BHYTDEHHSISt YCTAHOBKa C SJEKTpOHarpeBaTeseM; [3 — SJIeKTpOHaTpeBaTeNb;
14 — nepBHIl CAHB KOHAEHCATA.

BhiGpocoM B atmocdepy. XonoAHblH HAPYKHBIH BO3AYX NPOXOAUT CHA-
yaJa yepe3 KOHJSHCALHOHHYIO 4acThb TEMJIOBHIX TPYyOOK, rje npeiBapH-
TEJIbHO HarpeBaeTcsi, a 3aTeM IOCTyHaer B KOHJAEHCATOp OOBLIYZHOTO
TEMJIOBOTC Hacoca H HAarpeBaeTcsl NOMOJNHHTENBHO Mepejy MOCTYMJIEeHH-
eM B 3JaHHe. XapaKTePHCTHKH CHCTeMbl MpHBeAeHH B TabJa. 5.7.

XapakTepHCTHKY OnpejeseHsl A5 HapyXKHOH TeMIepaTyphl BO3Jy-
xa —7°C H MHHHMaNbHOH TeMIepaTyphbl BEIOpaCBHBAEMOro U3 NOMele-
Hus Bozayxa 18 °C npu 50% oTHOCHTENBHOHN BJaXKHOCTH.

Hpyras dpaniysckas Mogenb UMeeT XapaKTepPHCTHKH, TOKa3aHHbIe
Ha puc. 5.34. Ona npuroaHa ajs GOJBLIHX YCTAHOBOK OOLECTBEHHBIX
31aHHH H NPOMBILIJIEHHOr0 oTonJAeHHs, QueBHIHO, YTO H 34ech AOCTH-
raercsi oueHn BbicokHii KOII, Tak kak TensaoBoit Hacoc paboTaer no
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Ta6auna 57 XapakrepucTHki TenaoBoro Hacoca «Aero-Plasts

XapakTepHCTHKA STH250 -24 STH350-35 STHS300-52
Ten0npoOH3BORH- Pexnam 1 2400 3500 5200
TeanHocTs, Br PexiM 2 2000 1700 2400
X0/10K0TPOU3BOANTENBHOCTD, BT 1100 1700 2400
MolHoCTh KOMNpeccopa MpH TeMmeparype 335 495 725

Bosayxa —7 °C, Bt
Beuntnaaropul:
MaxkcHMa/bHHEA pacxox, M3/d 250 350 500
MuruMasbHEi pacxo, M3/ 140 200 280
Momuocts, Bt 150 220 350
TMageune naBjeHHs, MM 12 14 17
YacToTa BpallieHusi, 06/MHH 1700 2100 2300
Hcrnionb3oBaHHoe  cO6pPOCHOE  TemIo  MPH 485 715 1075
T=—7°C, Br
KOIT npu T=—7°C 48 4,9 48
ITonnas macca, Kr 96 107 125
Pa3smepbl, MM 900780 | 900X810X [ 900900
X500 X500 X500

Taxoll e cxeme, Kak u «Aero-Plast». B stom npumepe TeMmmeparypa
HapyxHOro Bosayxa npu 90%-Holt BaaxuoctH cocrapaser —10°C,
a BHOpachipaercst us noMetunennst mpu +20°C u 40% saaxuoctH. ITo
JaHHBIM Pas3spabOTYMKOB, €CJHH IpeHe6peyb MOIIHOCTHIO BEHTHJATO-

pos, nocturaercs KOII sore 10.
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Puc. 5.33. Cxema TemioBoro Hacoca «Aero-Plast» ¢ npeapapHTe/bHBIM TOROrPEBOM

BO3AYyXa.

A — BXoJ HaPYXHOTO BO3LyXa; B — TeNNOOGMEHHHK ¢ TEIMIOBHIMEH TPyGxaMiu; C — KOHJeHCaTop;
D — BHIXOA BO3AyXa; E — BXORHOfi BEHTHASTOp; [ — BXOA BO3AYXa H3 TOMEIleHHS; 2 — BEeHTHARA-
TOp COGPOCHOrO BO3JyXa; 3 — HCNapuTeNb; 4 -— c6poc BO3LyXa.

Puc. 5.34. XapakTepHCTHKH TeNJIOBOrO Hacoca C TEMJIOBHMH TpyOKamH.
Q — TensioBasi MOIMHOCTb; N «— BJIEKTPHYECKast MOWHOCTb; Tm — TeMmepaTtypa HapyXHoro Bo3-

Ayxa.
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CucteMbl ¢ COMHEUHbIM MOAOrPEBOM TaKiKe HMEIOTCA B npopaxe,
OMAHAKO NPU HbIHEIIHHX LeHaX Ha TOMJIHBO OHU ellle He OCOGEHHO KOH-
Kypentocnoco6ubl. Oany cucreMy Boinyckaer «General Electric» ¢
TENJIOBHIM HACOCOM BO3AYyX — BO3AyX (puc. 5.35). B peknamuoi JaHTe-
patype oHa Ha3BaHa NMPAaKTHYHOH M AOCTYNHOH CHCTEMOH HCIOJIb30BA-
HHSl COSIHEUHOMH HepruM AJs OTOIVIEHHS H OXJaXJAeHHs XKHUJIbX H 00-
IecTBeHHbIX 31aHud. Ho B 3Toll cuHcreMe Tpebyercs odeHb GoJbIIast
IJIOIAAb COJNHEYHBIX KOJJIEKTOPOB H 00Jbllol GakK-aKKYMyJASiTOp € No-
BHIIEHHBIMH 3aTpaTaMH Ha TeNJOH30JSALMIO. B Hacrosiuuee BpeMs

X |

3 N

YA\ ‘
14

1]

i A . "4’}1 %I

Puc. 5.35. Tennosoit Hacoc «General Electric» ¢ cosHeUHEIM MOAOTPEBOM.

A — HapyXHas ycTaHOBKa; B -— COJHeYHbi# KoJJekTop; C — BHYTPeHHH{I Temnoo6MeHHuk; D —
YBAaXKHHTeNb; E — nogalowlHil KaHaa, F — BeHTunaarop; G — temlooGMenHHK; [ — Gak-akKyMynas-
TOp Tenna; / — Hacoc; J — o6paTHLI KaHakI.

MOKPbITHe TEMJIOBOH Harpysku 3fanus ma 100% raxoit cucreMoit eute
HEKOHOMHUHO, HO IPHMeHEHHe 3TOro HCTOYHHKA Telia AJs TeIJIOBOro
HACOCA YKe CTRHOBHTCS NPHEMJIEMBIM.

Pa3HOBHAHOCTL TEMIOBOrO HAacoca Tdna BO3AYX — BO3AYX Kak I
JKHJABIX, TaK M AAs OOIlecTBeHHBIX 3aHMil paspaborana ¢upma
Lennox (puc. 5.36).

dra cucrema paGoTaer BMeCTe C OTHEBHIM IOJOTpeBaTe/ieM BO3AY-
Xa u NMpeaHasHayeHa KaK AJIs HOBBIX, TaK H JJSl CyLIECTBYIOIIHX 37a-
HHH. B cHcTeMy BXOAST: TEIJIOHACOCHBIl arperar 1Jjsi Hapy»KHOH ycra-
HOBKH, BHYTpPeHHHUH TemJ00OMeHHHK, KOHTYD € XJaJ0areHTOM, CTaHLHUsA
ynpapJeHHsi, cHaOXeHHas ClelHaJbHbIMH peJjie YNpaBJIeHHs TeNJOBLIM
HacocoM H AedpocTamuell, a Takke BO3JAYNOJOrpeBaTelb. TemsoHa-
COCHasl CHCTeMa YCTaHaBJIHBaeTcsl KaK OOBIUHO, 32 HCKJIOUEHHEM TOro,
YTO BHYTPEHHH{ TeMJIOOOMEHHHK CHA0XaeTcsl BO3AYXONOLOrpeBarTeseM,
a He BentuastopoMm. CraHuus ynpaBJeHHsi YCTAHABJIHBACTCS BHYTPH
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noMelleHHs: B yA06HOM MeCTe BO3J€ BO3AYXONOJOrpeBaTeds, Jerko
MOAKJNI0YAaEeMOro ¢ IOMOLLbI0 NpoBoAoB. Harpesareap cHaGxeH pene
BEHTHJISITOpA.

[penycMoTpensl ABYXCTylNeHUaTOe HArpeBaHHe H OJHOCTYNEHUYATOE
oxJnaxnenue. Ileppasi cryneup HarpeBa-— TemaoBofl Hacoc, BTopas
CTyNeHb — BO3JyXoHarpenarejb. OOGBIYHO NpH NAZEHHH TeMIepaTyphl
HApYXKHOI0 BO3AyXa BHEUIHHH TEPMOCTAT BKJIOUAeT JONOJHHTEJNbHEL
ajexrpoHarpes. OnHako B paccMaTpHBaeMoil cxeMe JONOJHHTEbHBIH
HAarpeBaTeJb BKJKUAETC BHYTPEHHHM TEPMOCTAaTOM M HAPYXKHHIA Tep-
MOCTAT HE HYXKeH.

=\

-B

Puc. 5.36. Ycranoska «Lennox» ¢ pas- 4
AeJIEHHBIM TeMJIOBLIM HACOCOM.

1 — HapyXHasi yacTb TeNJOBOrO Hacoca: 2 —
JHHHSL XNajoareHra; J-— BHYTPEHHHH Temso-
OGMeHHMK IJIsl Ha peBa H OXJ2XKAeHHA; 4 —
ropenka; 5 — CTAaHUHS  YOPABAEHHUS: 6 —
ABYXCTYNEHYATHIT TepMoCTarT.

ITpyu cpaBHHTeNBHO MATKOH morofe TpebyeTcss BKJIOUEHHe TOJABKO
nepBoH CTYNEHH, HO KOTAA HAapyXHas TeMIleparypa cHHxKaercs IO
TOUKH Bajlanca M TEIJIOBble NOTEPH 3JaHHS NOCTHralOT 3HAYeHHS, NpH
KOTOPOM TEIIOBOH Hacoc AoJXKeH paboTarth ¢ NpPeReJbHOH TemJaonpo-
H3BOAHUTEJNBHOCTHIO, BKAIOUAETCS BTOPasl CTYNEHb H CTAHIHSA yNpasJje-
HHs OTKJIOYaeT TeryioBofl Hacoc. BenTuasitop paboTaeT HenpepblBHO
NpH BKJIIOUEHHH U NMepBOH, U BTOPOH CTymeHel.

Bo Bpemsi uMkzna medpocTalHd, Koraa NPOMCXOAHT peBepc OT Ha-
rpeBa K OXJaxKJeuHI0 H BHYTDeHHHH TenmsmooOMeHHHK HAYHHAeT moja-
BAaTb XOJOAHHA BO3JyX, CTAHUHSA YNpAaBJeHHS ABTOMATHYECKH BKJIIO-
yaer BO3AYXOMOAOrpeBaTeNb, T. €. MPEKPaUlaeTcs NOCTYIJeHHe XOJOA-
HOro Bo3Ayxa B nmoMelleHHe. Koraa moctynaioouidit Bo3AyX AOCTHraeT
TeMnepatypul 43—49°C, Bo3ayxonojorpesaTesdb aBTOMATHYECKH OT-
kaiodaercss. Ecau nocae npkaa aedpocrauuH TeMreparypa BO3AyXa
npubauxkaercs x 46°C, To OTKJIIOUAETCs KOMMpeCcop, Moka TeMmmepa-
Typa B BoslyxocOopHuke He nouusutcs po 32—38°C. B nerHuit
Ce30H TENJIOBOH HAcCOC peBepcHpyeTcss H obecleyHBaeT PEXHM OXJIax-
JIGHHS,
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Tab6auuwa 5.8, XapaKTepHCTHKH CHCTEMB

HoMunanphnas - HomMuuanpHas Toaunast norpeGasiemast
XOJIOXONPOU3BO- TENJOMPOH3BOJH- MOLLHOCTb, KBT
Tun yeTaHOBKH | purentHocTs mpn TENBLHOCTD TPH
Ta=24°C, xBr Ta=7°C, KBt
OxnaxaeHue HarpesaHnne

HP8-261
Hpg-zﬁs 6,5 6,5 238 3
HP8-411
HP8-413 9 9.5 37 38
HP8-513 12 12,5 4,6 49
HP8-653 15,5 15,5 58 59

KomOuHauus 3JeKTpHYECKOro TEIIOBOTO Hacoca ¢ OrHeBOH cHCTe-
MOH OTONJIEHHS], HCKJIIOUHBIIAS AOPOTOCTOAULYIO CHCTEMY OMOJHHTENb-
HOro HarpeBa, jaja cxeMe «Lennoxs npeumyliecTBa H INpellloYTeHHE
norpeburesefi Ha BOCTOYHOM nolbepexbe ATJaHTHYECKOIO OKeaHa
(raba. 5.8).

5.5.3. CHCTEMbl BO3AAYX — BOAA M BOA —BOIA

HexoTopple noMalliHHe TEIIOBblE HACOCHl HCMOJB3YIOT BOAY KaK
HCTOYHHK Telja Miu TtemynoBo#t crok. ®upma Fridrich 8 CHIA shiny-
CKaeT YCTaHOBKH, HCIOJIb3YIOLIHE BOLY U3 CKBaXKHH, 03€D, PyubeB H
Jaxke TOPOJACKHX CeTell KaK HCTOUHHK TelJia, a JIeTOM — 1Js cOpoca
tenna. Ho BHyTpH slaHHs Temso pacrmpelensieTcsi ¢ MOMOLIbIO TOTOKA
BO3/yXa, NOoJ0OHO YCTAaHOBKAM, ONMHCAHHBIM B TIpEABIAYHIEM pasiele.

¢ ‘ g Puc. 5.37. TensioBoit Hacoc THNa BO3AYX —
Boaa $upMBl Metro.

1 — TensoBOfA HACOC; 2 — UHDKYJAAUHOHHBIN Ha-
coc; 3 — npoxoxHot KpaH; 4 — BOZA H3 CCTH;

+ '@ 7 4 5 -—BOAa B CeTh.
3

Bona He MoXKeT CJyXHTb YHHBEpDCAJbHBIM HCTOYHHKOM Temnia, H
npHUMeHeHUe ee orpannueHo. Temnosble Hacoch ¢upmul Fridrich npu-
MEHSIIOT TJiaBHBIM 00pa3oM 1Jisi TOpsiuero BOZOCHAOKEHHs, NpHUeM HC-
NOJb3yeTCs U TeIJoTa NEepPerpeToro XJaloareHTa Mexay KOMIpecco-
POM u xolleHcaTopoM. Peknamupyercss 5KOHOMHSI B 3aTpaTax Ha Ten-
JocHa0xKeHHe 3JaHHS 1O CPAaBHEHHIO C 3aTPAaTAMH IIPH 3JIEKTPHUECKOM
BOJOHArpeBaresie H BO3AYLIHOM KOHAHUMOHHDOBAHHH, COCTABJSIOLAS
okosno 30%. CooTHOoIIeHHe MeXAy OTONJIEHHEM H IOpPsiuHM BOAOCHAL-
KeHHeM cocTaBaser obObluno 8:1. Tlpu pabBore TemjoBoro Hacoca
TOJILKO 1/l OTOILIeHHS C NpAMbIM 3jekTpoHarpeBom Boan KOIT me-
HAeTcsd B mpejenax 2,2—2.5 ¢ yueToM 3aTpaT 2HEPTHH HA HArPeB BOAHI.
Ecau temiopoit Hacoc Bunosusier o6e ¢yHxuuu, to obuwuii KOIT mo-
¥eT yBeJHuuThes fo 2,9. Bosee cyiecTBeHHasi 9KOHOMHS 9HEPTHH J0-
CTHraeTcsl, KOrAa TENJ0BOH HAcoC HCHOJB3YIOT M AJs OXJaX/AeHHs,
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Ta6nuua 59. Xapaxrepucthxu ternoboro ndcoca tina Ho3ayx — Boma «Metros

Hapyxkuas TMotpebGreHue 3AeK- TennonpousBoaH-
TeMmneparypa, °C TpO3Heprud, Br TeJbHOCTh, BT Kon
25 580 1500 2,6
10 430 980 2,3
—5 325 560 1,75

TennoBost nacoc pupmel Metro Hcnosab3yeT BO3AYLIHBIA HCTOUHHK,
TeMIlepaTypa KOTOPOTO BCerfa BHILIC, 4eM HApyXHas, H ero TakKxe
MOXHO TPHMEHSITh [Jis JAOMAllIHero ropsiyero BOAOCHA0XeHHs. ITOT
TEMJIOBOH HAacoC MPpOH3BOAHTCS B [laHHH M yCTaHaBJIUBaeTCA IO CXEMe
puc. 5.37. Ou MoxeT ObITb AONOJHEH GAKOM-aKKyMYJSITOPOM € TEMJo-
06MEHHHKOM HJIH CHCTEMOf NMpSAMOro 3JjexkTpoHarpesa. Pacxon Bosay-
xa cocraBaser okono 300 m3/u, a Boxa HarpeBaercss TpHMepPHO HO
52°C. B xoaopHyo morogy TpelyeTcsi AONONHHTENbHBIH HarpeB. Xa-
pPaKTEpPHCTHKH CHCTEeMBl NPH Pas3HOH OKpyXKalolllefi TemmepaType IpH-
BeJeHH B TabJ. 5.9.

5.6. 9KOHOMMYECKME MCCNENOBAHMA

[TpuBenenHble 5KOHOMHUECKHE OLEHKH NOKA3HIBAJIH NpelesbHO JO-
NYCTHMBle JOTOJHUTENbHblE KANHTaNoBJAOXKeHHS kKak ¢yHkuuio KOII
Ipy CpaBHEHHH TEMJIOHACOCHBIX CHCTeM ¢ OOHYHbIMH. OnHO H3 NOA-

xan \
2
Puc. 5.38. 3aBHCHMOCTb mpefeibHOro 3ka- 50 " @\
uennss KOII or uenst Ha HedTb B mMpoueH- 72
Tax B 1975 r. IpH NpeBHILIEHHH CTOHMO- ’ ____‘__‘%;\ 0%
CTH TemJIOHacocHOR ycranoBkH 250 ¢. cT. 28 %4 i
H [BYX 3HaueHMAX yueTHOM CTaBKH—b5 ’ P x
n 10%. 24 L 2% x
-/00% 7975 100%
Yena wegmu

pOOHBEIX HccMenoBaHUH onyOaukoBano HauuoHanpHBIM HayyHBIM COBe-
toM HMpnanpuu B 1977 r. [34]. HccanenoBanne UMeIo TPH LeaH:

1) Onpepeauts 3¢ ¢heKTHBHOCTh HCNOJB30BAHHS SHEPTHH B TEMJO-
BBIX HacOCaX O CPaBHeHHIO ¢ 3((HeKTHBHOCTBIO APYr¥X CHCTEM OTOI-
JIeHHS;

2) OnpenesuTb M COMNOCTABHTH 3KOHOMHUECKYIO 3(¢hexkTHBHOCTH
TENJOBHIX ‘HACOCOB H JPYIHX CHCTEM;

3) OnpeneauTh KOHOMHUECKHe H TEXHHUECKHe XapaKTepHCTHKH
TEIJIOBBHIX HACOCOB, KOTOPhle NeJaIOT MX KOHKYDPEHTOCIOCOGHBIMH.

31ech COMOCTABJEHHl CHCTEMBI BOIASHOIO LEHTPAJbHOTO OTOIJIEHHS
Ha HedTAHOM TomanBe ¢o cpenHecesoHusiM KI1JM, pasubim 609%, 1 Ten-
JIOBOHl Haco: THNA BO3AYyX — BO3AYX HJH BOAA — BOAA C 3JMEKTPONMpPH-
BofoM. KI1JL npousBoacTBa 3/1eKTPOIHEPTHH HA 3JEKTPOCTAHUMSIX NPH-
HAT MJIA KOTJAOB Ha Hed)TAHOM TOIJIHBE.
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Taéanua 510 Npeneasusie snauenna KOM pas xoukypentrocnocobuoct
TENAOBbHIX HACOCOB

Hbl Ha Ts 1975 r.,
ﬂf,?,?f:,‘fgggﬂf’e'f enn Ha HedTh 1975 . )];fzznxqeuuzidJn 1,169 gasa
FHS B TemJIoHacoc-
HYIO YCTaHOBKY,

b. cr. YC*=5% yC=10% yC=5% YC=10%

0 2,3 2,3 2,2 2,2

100 2,6 2,5 2,3 2,3

200 2,7 2,9 24 2,5

300 3,0 3,3 2,6 29

400 33 3,9 2,8 3,2

* YC — yyeTHast cTaBK4.

B Ta6a. 5.10 u na puc. 5.38 yxasausl 3Hauenus KOII, neo6xonumeie
IJsi KOHKYPEHTOCIOCOOHOCTH TeIJIOBOrO Hacoca ¢ He(TSIHOH cHCTe-
MOH OTOMJIEHHS] IPH ABYX 3HAYEHHsX yuyeTHOH craBkd b u 10% u crou-
MocTd TunHuHOH HedTAHOH cHcTeMbl 750—1000 ¢.cT. Llena na HedTs
npuHEManach Takofl, xak B 1978 r.,,— 0,046 ¢.cr./1, a uena Ha 3HEp-
ruio pas norpedurens — 0,19 ¢.cr./(xBr-u). HcnosabsoBanue GoJee
JlellleBOH BHENMHKOBOH 3JIEKTPOIHEPTHH [eTajJbHO He pPaccMaTpHBasoCh.

Heo6xoaumoe nms xoHKypeHTocnocobHoctu 3HaueHHe KOII B 06-
HieM He NPOTHBODEUHT LudpaM, 3asiBJEHHBIM NPOU3BOAHTENSIMH TeIIO-
BHIX HacocoB. B ordere clenaH BHBOJ, uTo aast Mpaanaun takof cpel-
HecezonHbll KOIT TexHuueckn MOCTHKHM, ofHako B 3To#l pabore He
COTIOCTABJIEHB! KAMHTAJNOBI0XKEHHS PA3JIHUHBIX CHCTEM.

JlonosHUTe/bHBIE 3KOHOMHYECKHe cooOpaxeHust 6YAyT NpHBEIEHBl
B JPYTHX IJlaBax.

FnaBsa 6

TEMJIOBbIE HACOCHI
B OBLLUECTBEHHBIX 3 AHMAX

CucTeMbl A5l UEHTPAJH30BAHHOIO OTOILICHHS HJH
oxJax[eHust OONbLUMX 3AaHHH BBIMYCKAIOTCH MHOTLO JIeT 4 HMeEIOT IIH-
poKoe NpHMeHeHHe. 31ech MHOrO NMHOHEPCKHX paboT OBUIO caenaHo
B EBpone. Mbl pacCMOTPHM JBe TakHe CHCTEMBI: TEILIOBON Hacoc THIA
BOJAA — BO3IYX B AHIVIHH W YCTaHoBKY «Sulzer» pJs naaBaTeabHBIX
faccellHOB M APYrHX CIOpTKOMIJIeKcoB. Kpome TOro, B 3Toft riaBe
ONMHUCHIBAIOTCS ellle HeCKOJbKO KPYIHBIX TENJOBBIX HACOCOB M HX 3IKO-
HOMHY2CKHE XaPAKTEPHCTHKH B NPHMEHEHHH K OOHYHLIM 3JaHHAM,
nraBaTe/bHbBIM 6accefiHaM H BBHIUHCAHTE/BHBIM LEHTpaM.
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6.1. CUCTEMbI KOHAMLUMOHUPOBAHUA BO3AYXA

[Tpexxne uem o0O6CYXAaTh B JeTajsX TENJIOBblE HACOCH, YAEJHM
HEKOTOpOe BHHMMaHHe BO3JYUIHOMY KOHAHLUHOHHDOBAHHIO BoOOMIC.
"KoHIHIIHOHHPOBaHHe BO3LYyXa, WJIH YIpaBleHHe KJIHMaTOM BHYTPH
30aHHsl He 00s13aTeNbHO CBSI3AHO C TEMNJOBHIMH HAcCOCaMM, HO IOYTH
BCEra UCNoJib3yeT OObIYHbBIE XOJOAUJAbHEIE MalluHbl. Hixe npHBeleHo
cpaBHeHHe OOBIYHBIX H TENJOHACOCHBIX CHCTEM BO3AYUIHOTO KOHIHIIHO-
HHPOBaHHA 0OUIECTBEHHBIX 3JaHHIL.

Onucanne jgerasnefl MHOTMX CHCTEM BO3IYIIHOIO KOHAHIHOHHPOBA-
HHUsl BO3AyXa He NpuBeleHH B 3ToH xuure. Heob6xonumo aump oTMe-
THTb, YTO KOHAHLIHOHHDOBAHHe BO3AyXa MNPHUMEHSETCS BO BCEX IpO-
MBILIJIEHHO Pa3BHUTHIX CTpaHax, TAe TeMmiiepaTypa ¥ BJIaXKHOCTb OKpY-
)Kaillero Bo3yxa TpebGYIOT HCKYCCTBeHHOro peryanpoBanusd. Heynu-
BUTEJbHO, UTO BO3AYHIBOe KOHAMIHOHHpoBaHue Bo3HHKJO B CIIA, a B
Anrauu uMm 1o nmocjenHero BpeMeHu npese6peradd. Ho kxonaHuHOHM-
pOBaHHe BO3JyXa HEOOXOAMMO He TOJBKO [Js1 YJAYYlIeHHs cpelsl oOH-
TaHHs veaoBexa. Kak Oyner moxasano B IJ. 7, HEKOTOpHe TPOMBIII-
JIeHHble TIpOLecCH, 0co0eHHO TpelyloniHe CHHKEHHS BBICOKOH BJIaXK-
HOCTH, MHOT'O BBIHIPBIBAIOT OT NpHUMeHeHHs 06e3BoxkHuBalolero obopy-
poanHs. Ciofla ’Ke OTHOCHTCSL M HeOOXOAHMOCTH OTBOAA TemJaa OT
GosblIHX KoMiploTepoB. CieayeT OTMETHTb, YTO 10A0OHbIE TEIJOBHIE
VCTOYHHKH, TpeOyiolllMe OXJaXKAEHHS, MOTYT CaMH [1aBaTh INoJe3HOE
Tenao s oborpeBa 3JaHUs [0 MePHMETPY.

ITonpo6Gubifi 0630p poJH BO3AYIIHOrO KOHAHUHOHHDOBAHHA B CJY-
XKeOHBIX 37aHuaX Obl1 ony6.aukoBan B crathe [1]. OcHoBHble Tpebo-
BAHHSl JUIS CO31aHH KOMGOPTHHIX YyCJaOBHH Ha pabouMx Mecrax Ta-
KOBBI:

1. Ha paGoueM MecTe HOMKHO GBITH NPOXJagHO.

2. JlBuxeHHe BO3LyXa IOJNIKHO OTBeYaTh HOPMe Oe3 3aMeTHBIX
CKBO3HSKOB. [IpH MOBHILIEHH TeMnepaTypsl HIH BJAXKHOCTH CKOPOCTDb
BO31YyXa AOJKHA GBITH YBeJIHUEHA,

3. OrtnocuresbHas BJIAXKHOCTh He JOJXKHAa npeBbmats 70% u
JIOJIKHA GBITH BO3MOKHO HHXKE.

4. Crenbl KOMHATH JOJKHH ObITh TelJiee, yeM BO3LYX B KOMHATe.

5. Bo3nyx Ha ypoBHe TOJIOBH He JAOJIKeH GHITh 3aMeTHO Telee,
YyeM Ha YPOBHe II0JIa, He ROJXKHO OBIThb TakKe M H36BHITOYHON panua-
LIHH HA YPOBHE T'OJIOBHL.

6. Bo3nyx He A0JKeH HMETh 3anaxa.

B Aurnum KOHTOPCKHe PaGOTHHKH, y KOTOpPHX CHAsiuas pabora,
CYMTAlOT npuHeMaemoli Temmepatypy 20—22°C. Pacxon cBexero Bo3-
Ayxa Ha YejoBeKa B 6oJblIMX 3paHusX coctaBasier 0,5 M3/mun. Kpart-
HOCTb BO2AyXooOMeHa B KoMHaTe cocTapaster 1—1,5 B uac. Pacuer
TEIJIOBOro Gajlanca BKJIOYaeT TelJIOBBIACTEHHE YeJ0BEKOM (OKOMO
100 Br), naxonsmnMcs B NOKoe, a TAKXKe TENJIO OT OCBEIEHHs H Ap.

B oronuTenbHbIT ce30H BHYTPEHHH BO3AYX AOTOJHUTEJNBHO YBJIAXK-
HAETCH, a NPH OXJNaxKAeHHH ocylaercsi. CHCcTeMbl KOHIHIHOHHPOBa-
HHS OOBIYHO BKJIOYAlOT pasjiduHble BHAB GHALTPOB. DTO, B YACTHO-
CTH, MOTYT ObITh 3/1€KTPOCTAaTHUECKHe (GHABLTPHI, B KOTOPHIX YACTHIHI
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NBIJIH 3JEKTPHUECKH 3apsKaloTCA, a 3aTeM NPOXOAAT uYepes KaHai,
cojepXali[nii MHOKECTBO MNapajJefbHbIX MJACTHH, JHOO 3a3eMJeH-
HHIX, JHOO MO BHICOKHM IOTEHLHAJOM. 3apsKeHHble YaCTHIBI NPHUTS-
rHBAIOICS K 3a3eMJ/IeHHbBIM IJIACTHHAM M OCaX1aloTCA Ha HHX. 3amax
06bIYHO yeTpaHsieTcss GQHILTPAMH C aKTHUBHPOBAHHBIM YIJIEM HJIH YCH-
JieHHeM BEHTHJISIILHH.

JIAs ynpolLleHHs MOHTaXXa CHCTEM BO3JAYLIHOrO KOHIHIHOHHPOBA-
HHSl B CTapbiX W HOBBIX 3JaHHSX pa3paboTaHbl arperupoBaHHBIE CH-
CTeMbl KOHAHUHONHPOBaHHs. TakHe CHCTEMbl BHIIYCKAIOT B LIHPOKOM
HHTepBaje Pa3MepoB OT HECKOJbKHX THICAY TOHH XOJOLONPOH3BOLU-
TeJBHOCTH AJS LEHTPAJH30BAHHBIX CHCTEM JO aBTOHOMHHBIX CHCTEM Ha
oany xomHary. HesaBucumo or

_F;]/;/5 pasMepoB BCe 3TH  CHCTEMb
gl BKJIOUAIOT BCTPOEHHHI  XOJO-
4~ i JHJbHEE IMKA H 060pyloBaHHe

3 \@‘ / J AT TPOKAauKH BO3jAyXa (pHC.
z 3 b 7 8 6.1). 31ech uCapUTeNb HCIOJb-

7 bg_ 2 a . Puc. 6.1. CHcteMa BO3AYIIHOTO KOHIH-
8 = 7/ \ ILHOHHPOBAHHS.

I — HapyXHBIf BO3AYyX; 2 — ¢uiabTp; 3 — HC-

| | ﬁ napuTeab; 4 — KOMIPECCOP; 5§ — KOHAeHCa-

TOp; 6 — ApoccenbHbfl KJanan; 7 — Harpesa-
TeAb (IPH HeoGXOAUMOCTH); 8 — BEHTHJAATOP;
9 — penUPKYAUPYIOLHA BO3AYX.

3yeTcsl HeNOCpeICTBEHHO [IJI OXJaKAeHHs BO3AyXa nepen nofpavefl
B nomellende. Beutuasrop ofecneyHBaer UHPKYJALHIO BO3NyXa, Npe-
AycMoTpeHa Takxe H ¢uapTpanus Bosayxa. Crenyer, oJHAKO, oTMe-
THTb, YTO B 9TOH CHCTEMe HMeeTcsl CrHenHaJbHHH HCTOUHHK TeIla,
He CBSI3aHHBI C XOJIOAHJBHBIM HHKJOM H BKJOYaeMblHl TOrja, KOraa
Tpebyercs oronnenHe. KoHfeHcaTop XOJOIUABHOIO LHKJAA HMeeT JHOO
BOAsiHOe, HOO BO3NYIIHOE OXJakJAeHHe, H B PacCMAaTPHBAEMOR CHCTe-
Me ero TelJo He HCIOJb3yeTcs.

Takue cHCTeMBl NOJHOCTBIO COOHPAIOT HAa 3aBOAC-H3TOTOBHTEJE;, H
Ha MecTe 0Js HHX TpeOyIOTCS TOJBKO OTIeJbHble KaMephl AJs YCTaHOB-
KH C IOJKJIOYEeHHeM 3JICKTPHUYECTBAa U B cJIyyae HaJOOHOCTH BOIHL.

Hcnonb3oBanue cOpachiBaeMOro Telia NOBLILIAET IHEPTETHUECKYIO
30 exTUBHOCTL CHCTEM KOHAMIHMOHHDOBAHHS, INpeBpamas HX B yCT-
pofcTBa, KOTOpble Mbl B NPEABIAYLINX IJ1aBax PACCMAaTPHBAJH Kak Tell-
JoBble HacocH. Temao, cOpacHiBaeMoe B TPaJHPHAX HJIM ADYTHX YyCT-
poiicTBax, MOXHO MNOJy4aTh OT KoHAeHcaropa (cM. pHc. 6.1) BMecro
OTIeJbHOro HarpeBaTesas. B 3ToM cjydyae BOCCTAHABJHBAETCA TEIMJO
pa3iHUHBIX HCTOYHHMKOB BHYTDH 31aHHS — OCBellleHHs, Jmojelt 1 o6o-
PYAOBaHHSL.

6.2. BOCCTAHOBJIEHME TEMJIA XONOAMAbHLIX YCTAHOBOK

B cay)keGHBIX 34aHHSX TemJoHacoCHAash CHCTeMa pelko paboraer
TOJBKO B pexuMe oxjaaxieHHs. OCHOBHas 3amaya KOMIIPECCOPHOTO
O00OPYNOBAHHA B TAKHUX 3JAHHUAX CJIOXKHJIACh HCTOPHYECKH KaK OXJIaXK-
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neHHe, Heo6XoAHMOEe JHGO N0 KJIHMATHYECKHM YCJIOBHAM, JHOO AN
OTBOAA TeI/a BHYTPEHHHX HCTOUYHHKOB — OCBeLleHHsA, 000pyl0oBaHHUS,
nepcoHasa. 3HaYUTeJbHOH XOJOAHILHOH HArpy3KH TpeOyIOT BHIUYHCJIH-
TeJbHEIE UEHTPH B CJAYyXKeOHBIX 31aHHAX. IIpH 3ToM, KaK NMpaBuio, He
YUUTBIBAJIOCh, YTO NpHMeHseMas XOJNOAHJbHAS YCTaHOBKA MO NpHpOIe
cBOeH siBjisieTcs TeIIOBHM HacocoM. HecMorpda Ha To uTto Temno, OT-
BOJHMOE OT KOHASHCATOpPA XOJOAHMALHOH YCTAaHOBKH, HMeeT OTHOCH-
TeJLHO HH3KYIO TeMIepaTypy, ero noJiesHoe HCIIOJAb30BaHHE OaeT Cy-
L1eCTBEHHYIO 3KOHOMHIO SHEPTHH.

Kax vxe HeOZHOKpAaTHO O0TMeyaJsoCh, COOTHOLUIEHHe MEXJRy TenJo-
Toft, OTBOAMMOH OT KOHJAEHCATOpa, H NOTpebJsieMOfl MOIIHOCTHIO H 1J1A

Nx8r /

49 A

08 / 7
/

Ry,

g6

25 30 35 40 1T

Puc. 6.2. 3aBHCHMOCTb 3JEKTPHYECKOR MOIL- z
HOCTH OT TeMnepaTypsl BoAu T¢, cOpachiBae-
MO CHCTEeMOH OXJaXKAeHHS.

Puc. 6.3. CxeMa HCNOMNBL30OBaHKS H3GBITOYHOrO TeMJa BHYTPEHHUX HacTell 3RaHuf AAA
oforpesa ero mepuMeTpa.

! — B oGbIMHOR CHCTEMe KOHAHLUHOHMDOBAHHS BO3AYXa TENJO, OTBEAEHNOE OT IeHTPAJbHON YacTH
30aHHd, Tepsietcs; 2 — B cHcteMe «Enercon» Tenso, oTBeJleHHOE OT IEHTpPaJbHOR 4acCTH, HCIIOJb-
3yeTcs AJast 060rpeBa NepHMeTpa 3ZaHHA.

XOJNOAUAbHHKA H [JS TEeMJIOBOTO HAacoca CHJIBHO 3aBHCHT OT PasHOCTH
TEeMIEPATYD HCMapeHHs B KOHAEHCAIHH. DTd 3aBUCHMOCTbL onpepesser
B [2] skoHOMHuHYIO TemmepaTypy BOAB NOCJE KOHIEHCATOpa XOJO-
JHILHOH MAIIHHBI B TeX CJyyasdX, Korja ee TemJAo M[O0Je3HO HCNOJb-
ayercs. Ha puc. 6.2 noxkazaHa 3aBHCHMOCTb MOLIHOCTH Ha TOHHY XO0JO-
AOTIPOH3BOAHTENLHOCTH OT TeMIepaTyphi BOABI IIOCJTEe KOHAEHCATopa
npu xaapoarente R22. YkazaHo, 4T0 3KOHOMHYECKH ONpPaBJAHHBIM SIB-
Jsiercss yporenb TeMmnepatyph 41—42°C. B stom cayuae MOILHOCTS,
norpebasiemas KOMIPeCcCOpPOM, NMOBBLILIAETCs He3HAYHTeJNbHO 1O CPAaB-
HEHHIO C YHCTO XOJOAMWILHBIM PEXHMOM H B TO XK€ BpeMs IOSBJASETCS
BO3MOXHOCTb He cOpachBaTh, a MOJE3HO HCIOJb30BATH TEMJIOTY KOH-
JEeHCallHy,

HanGosee usBecTHasi peanusanus 3TOH KOHIENIHY NPOAEMOHCTDH-
poBaHa Ha puc. 6.3. 31ech Temyao OT XOJOAHALHOH MAIUHHBL, OXJaxKAa-
IOUlE BO3AYX B UEHTPaJbHON YacTH 3jaHHus, He BHIOpachiBaercd,  a
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HCIOMb3yeTCs Mg o§orpeBa KOMHAT [0 MePHMETPY 3AaHHS, B KOTOPBIX
H3-3a OCTeKJeHHS OKOH M JBepell HOTepH Tensa IOBBLIIEHEL.
Cxemn! MOoJOGHBIX YCTAaHOBOK NpHUBeJeHbl Ha puc. 6.4. B oboux cay-
yasiX TenJio U3 LEHTPaJbHONH YaCTH 34aHHSA NOCTYHAET C IOMOUIBIO BO-
AAHON CHCTeMBl OXJaXKJeHHS K HCHAapHTeJIOo, a jajee ¢ MOMOMIbIO XJa-

Puc. 6.4. CxeMul nepepacipefiesieHHs TelNa ¢ 3aKPHITON rpaaupHedl (a) H ¢ ABOMHHIM
KoHAeHcaTopoM (6).

I — otonuTenbHEIA NPHGOP; 2 — 3aKpbiTast IPafHpHs; 3 — HAcoC; 4 — KOHZEHCATOP; 5 -— OXJax-
Raoului npuGop; 6 — HCMapHTesb; 7/ — OTKPBITas IpaxHPHA; & — CABOEHHBI KOHZEHCATOD.

JoareHTa ¥ KOMIpeccopa 3Ta 3HEPrHsi nepelpaeTcsl KOHAEHCATOpY.

ITonesnoe Temao ¢ NMOMOILBIO C€TH HATPeTOH BOABl MEpeRaeTcss B BO3-

IYLIHYIO TpafHpHIO, IPHYEM HCHOAb3yeTcs GO CABOEHHBIH KOHAEHCa-
7

T At
[T - 2

Puc. 6.5. Bux ¢ Topua Ha arperHposaHHBi OXJagHTeJb BOAH C JBOHHHIM KOHAEHCA-
. TOPOM.
JleBas napa ¢aaHues — ceTb IPaiHPHH; NpaBaf - CeTb OTOMACHHA.

Puc. 6.6. Bonooxsagureab ¢ OTAENbHHM KOHAEHCATOPOM MJs IepepacrnpefeseHus

Tenna.
1 — xomnpeccop; 2 — KOHAEHCATOP CETH OTOMAeHHSA; J — OGHIYHBIA KOHZeHcaTop; 4 — oXAalHTedb
BOABl; 5 — CTAaHUHA yOpaBJAeHHA,

TOp, MG0 ABa oTAedbHBIX. CIOBOGHHBIH KOHAEHCATOp [OKasaH Ha
puc. 6.5, a cxeMa ¢ OTAENbHHIMH KOHJAEHCATOPaMH [Js OTONJEHHS H
cbpoca Tensa B rpagupHe — Ha puc. 6.6. B 3sumHuii nepuox, Koraa oi-
HOBPEMEHHO TpeCGyloTcs W OXJiaX[eHHe H Harpes, 4acCTh CABOEHHOTO
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KoMmeHcaTopa uiu BTOpolt koHmeHcatop (cM. puc. 6.6) paboraer Ha
oromsienue. [lonesHoe tensao cHuMmaercs JHOO CHelHAJbHEIMH BEHTHJS-
TOpaMHu, AHGO € NMOMOUIBIO TemNIOOOMEHHUKa B BO3AYIIHOM KaHale,
Bosayuias rpafupHs, KOHEYHO, HyKHA M B 3TOM peXHMe AJs OTBOJAA
B arMoctepy H3bnTouHOro temsia. Cxema Ha puc. 6.4,a ¢ BO3AYLIHOH
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Puc. 6.7. CxeMa nepepacnpejesieHus TenJa.

1 — HarpeThi TlepBHYHBIA BO3ZYX; 2 — CBeXHft BO3AYyX; 3 — c¢6poc Bosayxa; 4 — TeldAo oOT CBe-
THABHHKOB H MepcoHala; § -— MOTOP H KOMIpeccop; § —KOHAeHCaTop; 7 — o6paGoTKa NepBHYNOro
BO3AQyXa; 8 — rpagupHA.

rpagupHeii paboraer TakuM o6pasoM, YTO B peKHMe OTOHNJIEHHs BOJA
OT KOHJEHCATOpa MHHYET TPajHDHIO H N0JaeTCs B HarpeBaTeNbHHIH
npubop. Cieayer oTMeTHTb, UTO He 06s3aTenbHO BCe COPOCHOE TEIJIO
noflaBaTh B TPAJHPHIO, ero MOXKHO HCHOJIb30BATH IJIsi Harpesa BOJB
WIH TeXHOJOTHYECKHX Hesael ¢ OOsblIoi SKOHOMHYECKOH BHII'OAOMH.

Ilpumep 1. CnyxkeGHoe 31aHHe B AHIVINM HCIOJNBb3YyeT ABA arper-
POBAaHHHIX OXJAJHTEJNs BOAH C BUHTOBHIM KOMIIDECCODOM H CABOEHHBIM
KOHAEHCATOPOM B TeNJIOHACOCHOM pexkuMe., Kpome Toro, HCMoOJMb3yIOTCS
OObIYHBIH KOTEeN M BO3AYLIHAS IPAjHpHs. 3MaHHe pasjelieHO Ha JBe
cekuun. Kaxpasi 43 HHX HMeeT CBOIO YCTAHOBKY [Jsi KOHAMIHOHHPO-
Bauus Bozayxa [2]. IlpemycmorpeHa BO3MOXKHOCTb HCHOJMb30OBAHHS
KaxKA0ll U3 YCTAaHOBOK JAJs1 OAHOBpPEMeHHOro oOc/y:XHBaHHA 060X
3AaHHH NMpHU DOJOMKe MM DeMOHTe onHo#t u3 Hux. OTIHaNeHHBe KOMHa-
Tbl 000IPEBAIOTCA WJN OXJAXKAAWTCA C IOMOLIBIO JOBOAYHKOB C BEH-
THJAATOpaMIl, pa3MellleHHBIX nojx okHaMH. KaxXaslft MoAy/1L HMeeT Tep-
MocTaT Ha o6paTHoM BO3AYXe H YNpaBJIseMbll KJaanaH, UTO I03BOJSIET
HHAHBHAYyaJbHO® DErYJHPOBaHHE MeCTHOH TeMImepaTypHl.

B stoil ycranoBKke 06paTHBIH BO3AYX H3 OXJaXAEHHOIO LEHTPA 3744-
HHA colupaercss B UEHTPAJbHYIO YCTaHOBKY 0O6pabOTKH BO3jAyxa, a
cOpociblil Bo34yX H3 KOMHAT H TyaJeTOB HPOXOJHUT uepe3 Temnoo6MeH-
HHK, OTAaBas TeIJo cHCTeMe ropsyero BojocHabxeHus. Houwio B 31a-
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HUH nopnepxubaercss temniepatypa 10°C. B nauane paGouero AHA
TeMiepaTypa 6bLICTPO MOBHILIAETCA A0 HOPMAJbHOHA ¢ MOMOILBIO ClelH-
aJIbHOH CHCTeMBI ynpaBjeHHs H OyCTepHBIX Harpepareseil.

Kaxjas u3 ABYX YCTAHOBOK B TEIVIOHACOCHOM pexHMe HMeeT Xo-
JOAUNBHYI0 MowHocTe 805 xBT, oxnaxpamuias Boga ¢ pacxoioMm
34,1 m/c cumxaer temnepatypy ot 11,5 1o 5°C. Bona B KoHAeHCaTOpE
npotexaer ¢ pacxogoM 27,3 a/c u narpesaerca ot 30 po 39°C. Ilpu
MOJIHOH Harpyske noTpebJsieTcss aeKTpHyecKas MolHocTs 240 xBr.

Mpumep 2. Ycranoska, co3gaHHas B AHMHH Ha 000pydOBaHHH
¢upmbl Carrier. 9to 3nanue noctpoitky 1969—1970 rr. (Ynpasaerue
sHeprocucteMoit CeBepHoro Yaabca). 3AeCb BIEPBHIE CO3JaHa IOJHO-

' MaclITa6Hasi CHCTeMa KOHIMIMOHHPOBAHHS ¢ HCIIOJb30BAHHEM Temna
ocBelle;ius. BHyTpu 3pauusi nopnepxusaercs temneparypa 21°C npu
H3MeHeHHH HapyKHOH Temnepatyphl oT 26,6 ro —4°C. Cienyer orMe-
THTb, 4T0 OXJAXKJEHHe HCTOUHHKOB CBeTa MOBHICHIO uX cBeToBoit KIIJ|
npumepHo Ha 13%.

dta cxeMa nokasaHa Ha pHc. 6.7. CBeTHJIBHUKH OXJaXJAaloTCs BO3-
JAYXOM, OTCACHIBAEMbIM H3 KOHIMIHOHHpyeMoro momeuenHusa. Kpome
TOTO, HCMOJAb3YETCs TENJIOBbIAeeHHe 0T 000PYyLOBAHHS | JIOJeH B cie-
Aylolleli NMPONOPLHHU: OT CBETHJbHHKOB 45, oT Apyroro o6opyAOBaHHS
40, ot mwoaeit 15%.
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Puc. 6.8. OcBeruTenbHble OpHOOPH C BOXAHLIM OXJaXKIEHHEM H CHcTeMoft mepepac-
npeneJieHHs Tensa.

1 — BonooxsnaxKZaeMble CBETHAbHHKH; 2 -— HapYXKHHII BO3AyX; J — TeNJ0OGMEHHHK; 4 — CABOEH-
HbIA KOHAeHCATOp; 5 — KOMAODeccop; § — rpafHpHA; 7 — Harperas BOZa JAAA OTOIVIEHHSA; 8§ — OX-
JaxAeHHas BOZa; 9 — HCNApHTeAb; [0 — BHIGPOC BO3AyXa,

Harperntit BO3AyX NMOCTyNaeT IO BEPTHKAJIDbHLIM KaHaJjsaM B HEHTpe
37aHHUSA K LeHTPaJbHOH ycTaHOBKe 06paboTku Bo3ayxa. [IBe xonoauss-
Hble MamnHbl ¢upmel Carrier ¢ 1eHTPOGEeKHBIMH KOMIIpeccopaMu HMe-
10T TemJI0BYyl0 MoiHocTh 790 kBT, Tak uto kaxjaas U3 HHUX MOXeT NO-
KPHITH BCH) TEIJIOBYIO HArpysky 3faHHsA. TeMmnepaTypa BOAB Ha BXOIe
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H BHIXOJ€ H3 KOHJAeHcaTopa 49—54, a TéMueparypa HcrnapeHHs — OKO-
Ja0 15°C, Temsora cbpaceiBaercs B atMochepy ¢ NOMOIILIO BO3AYIIHOH
rpagupau. C LeAbI0o JOKaJbHOTO YNPaBJAeHHS OTONJIeHHeM NPHMeHEeHbI
HHAMBHIYaJbHble HarpeBaTelbHHE NPHOOpH B Kaxpaoil komHarte, OnH
HOACOENHHEHH H K CeTH OXJaXKAeHHOH BOAB, TaK 4To npu pabore B
pexHuMe OXJaXKAeHHA TEIJIO M3 HeHTPaJbHBbIX TOMEMEHH HCIOAb3YeT-
¢ aas oborpesa nepudepuu 3nanusa. KoresbHas B 3TOM 3/aHuM He
HyskHa. Houblo H B KOHIle HeAeJH HCTOUHHKOM Temla CJYXKHUT TelJOBOM
akkymyJasitop. Temjora ot obHuTaTeself H OT OCBEI|EHHS B 3TO BpeMs
He nocrynaert.

Pexe npuMeHnsiercss BO3MOXKHAs CHCTEMAa HCIOJAb30BAHHUA TelJia
CBETHJIBHHKOB C HENOCPEACTBCHHBIM BOISHHIM oxJaxieHneM. Oxa
BNIOJIHE MPUIOAHA AJS PEKOHCTPYKHHM 3haHHA. CxeMa Taxoil CHCTEMBI
C BOASIHBIM OXJlaXK/JeHHEeM CBETHJbHHKOB [I0Ka3aHa Ha pHc. 6.8.

6.3. AELLEHTPANU3OBAHHBIE CUCTEMbBI
KOHAULLMOHMPOBAHMA BO3AYXA

CucremMa HCIOJb30BAHUA TENJaa OT KOHACHCATOPOB LEHTpAJH30BAH-
HOro BO3AYIWIHOIoO KOHAHIMOHHDOBAaHHSA, HCHOJAbB3YIOUWAsd KOMHATHEIC

Puc. 6.9. Cxema [eleHTPaNH30BaHHOTO E] [ﬁ

BO3AYWIHOIO KOHAHIWOHHpOBaHHs «Emner-

cons.

1 — Hacoc 2 — peBEePCHBHME KOHAHOHOHEPH:, 3 —

ROMONHHTENLHBII HarpesaTesn; 4 — c6poc Tenaa. I—.;—j E
7 L I 4

Tena006MeHHUKH C BEHTHJIATOpAMH, IIpeACTaBJAeT JHMWb OJHY U3 BO3-
MOXHOCTEeH COXpaHeHHS 5HepruHu B OOJIbIIHX 3JaHUSIX C BO3LYIUIHBIM
KOHAMLMOENPOBaHHeM. JIpyras BO3MOXHOCTb, palouiasl, ¢ Halled Toy-
KH 3peHHs, DAL MNPEeHMYIIeCTB, — HCI0Ib30BAaHHE HHAHBHAYaJbHBIX
TENJOBHIX HAacOCOB BO BCEM 3JaHHH, II0 KOTOPOMY LUPKYJHPYeT BOAA,
a BO3AyX CHAYXKHT KOHAHIHOHHpyeMoil cpepoit. IlomoGHyro cHcTeMy
MOXHO Ha3BaThb AEUEHTPAJH30BAHHOH CHCTEMOH KOHIHIIMOHHPOBAHHUSA
Bosjyxa.

TunuuHBIMH CcHCTEMAaMH Takoro pojaa sBasworcs «Enercon» u
«Versa Temp». OcHOBHAs cxeMa MaJ/i0 OT/IHYaeTcsl OT LEeHTPaNH30BaH-
HOH, HO BMeCTO OJHOTO ‘GOJBIIOTO XOJOJAHJIBHHKA (TemJIOBOro Hacoca)
HCIIOMb3YyeTCss MHOro HeGOJBbIINX YCTAaHOBOK, Pa3MelleHHBIX HEenocpen-
CTBEHHO B MeCTax KOHAHHHOHHpoBaHHA (puc. 6.9). B cxeme «Enercon»
HMeeTcs PSJ arperHPOBAaHHBIX PEBEPCHBHLIX BO3AYIUHBIX KOHAHIHOHE-
POB THIa BoJa — BO3JAYX, CIOCOOHBIX AAaBaThb HAarpeB HJH OXJaxje-
pue. OHH NOAKAIOYEHB K HEOXJaXKAaeMoil LEeHTpatdbHOH BOASHON CH-
cTeMe, B KOTOPOH C NOMOINBIO AONOJHHTEJNLHOTO BOJOHArpeBartens H
rpaJHpHH TeMmeparypa MHoAAepXKHBaercs B HHTepBajde 15—32°C.
Kaxxpas KOHAHMIMOHMpYIOUIAs YCTAaHOBKA COAEPIKHT MOJHYIO XOJO-
JAHJIBHO-TENJIOHACOCHYIO CXeMy C BeHTHJSITOPOM [JJIsl LHUPKYJSUHA
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KOMHATHOTO BO3AYXA, MOAKJIIOUEHHYIO K BOoAsHOH cucreMe (puc. 6.10).
Boja ClyXUT TeNJIOBHM CTOKOM MPH paGoTe B XOJORUABHOM pexUMe
M HCTOYHHKOM TeN/a B pPeXuMe OTOMEHHs. JOMONHHTENbHBIt HArpes
TpefyeTcsi TOMLKO B Cyyae OueHb XOJOAHOM NMOTOABI, KOTAa GOJbIIHH-
CTBO yCTaHOBOK paGoTraeT B pexkuMe Harpesa. [lofaua Temia B BOASI-
HYIO CHCTEMY NPOM3BOJUTCS OT KOTENbHOMH, 3J€KTPHUECKOTo HapyMKHO-
I'c HarpeBareJad, COJIHeUHOH 3HEPTrHH HJAH HCTOUHHKA C6pOCHOI‘O TenJaa.
[ToTpe6HOCTI B Tenmne yMEHBIIAIOTCS, KOTa OlHa HIH HECKONbKO yCTa-

5

Puc. 6.10. Bosaymnnit koHauunonep «Enercons ¢ BoasiHO# cucTeMOfi nepefauH Temsa
B pexiiMe OXJaMJIeHHs H Harpesa.

1 — oxaaxkpaeMbll KOHAHUHOHHPYeMBil BO34YyX; 2 — HCHApHTEAL BO3AYWHBIH; 3 — KOMIOpeccop;
4 — peBepCHBHbIfi KpaH; § — KaNHAAAD; 6 — KOHLEHCATOp BOXAHON; 7 — Moxa4ya BoAbl, 8 — OTBOA
BOARBl; 9 — HarpeThii KOHAHUHOHHPYEMBIH BO3ZYX; [0 — KOHAEHCATOP BO3AYIUHbIH, [/ — HCTIapH-

TeJb BOXAHOM.

HOBOK AOJAHBI paboTaTh B X0J0AHIbHOM pexuMe. Ilpn cpepHux teM-
neparypax Hapy:XKHOro BO3[yXa YCTAaHOBKH C TeHeBOHl CTODOHH 3ja-
HUsl paboTalOT Ha HAarpeB, C COJHEUHOH CTOPOHBl — Ha OXJaxKJIeHHe.
Ecnn npumepuo 309% ycrarnoBox paboraloT B XOJ0AHJIBHOM peXHMe,
TO OHH J4IOT JOCTATOYHO TemJa B BOASHYIO CHCTEMY, YTO HCKJIOUAST
HeoOXOLUMOCTh /151 3J1aHNs MONYYaTh WM OTAaBaTh TelJlo.

B 3gaHHaX ¢ BHYTPEHHHM TEIJIOBBLAEJEHHEM OT OCBCLIEHHS, KOM-
NbIOTEPOD M T. H. U BBICOKUM YpOBHeM TemnoHusonsiuuu (cM. § 6.2),
MOXeT NoHaAo0UThCA KPYIVIOTOZHYHOE JIOKaJabHoe oxJaxiaeHde. Ilo-
Jy4YeHHOe 3[eChb TeIVIo HepefaeTcs B BOLSHYIO CHCTEMY U jaJjee K yCTa-
HOBKaM 110 nepud2pui 34aHHUs, KOTOpble B 3UMHHe MecsAlb paboTaoT
Ha Harpes.

JlenedTpann30BaHHble CHCTEMBl MOXKHO TaKXKe RCHIOJNB30BATh B 34a-
HUsIX, The TpefyeTcss oXJAa)[AeHHe JHEeM M HarpeBaHHe Houblo. Ecian
IHEM TeMIlepaTypa BOJBl B CETH MOBLINIACTCH A0 MAKCHMaJBHOTO 3HA-
YyeHHs, JONYCTHMOro s paboThl XOJOAHABHBIX ycTpoiicrs, +32°C,
TO TemJo He cOpacblpaeTcsl B TPajipHH U MOXKeT CJAYXKHUTh 1Js oborpe-
Ba B TeUYeHHe YacTd HAI'pPeBaTEJNLHOTO IIHKJIA mMepej BKJIOUEHHEM J0-
noJHHTeIbHOrO oforpeBa B J06oH dopMe, uTo HEOOGXOAMMO, Korjaa
TeMNepaTypa BoAbl najgaeT Huxe 15°C. Bosaywnblii KOHAHIHOHED Ha-
yuHaer paboTy yTpPoM, Korja BojAa XoJioJHa H Aofyckaer 3¢¢dexTus-
HOe OxJaXjeHHe, a 3aKaHYHBaeT B KOHUe AHA, KOrAa BOoJAa Harpera
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1as1  3¢®$EKTHBHOrO HOYHOTO OTOMJMIeHHs. XapaKTEPHCTHKH CHCTEMb
«Enercon» mpUMeHHTENBHO K CEMUITAXKHOMY CaAyxKeGHOMY 3HaHHIO B
CYTOUHOM paspese MoKasaHul Ha puc. 6.11: a-—nmorpebHOCTE B Temle,
BKJIOUAIONasi TeMJoBble NMOTEpH 3RaHUs 32 Bce 24 u, H noTpebHOCTHL
B TelJe 1Jsi Harpesa BEHTHJSANHOHHOTO BO3JAyXa B TeueHHe paboyero
IHS; 6 — BHYTPEHHHE TEHNJIOBBIJIEJEHHS, KOTOPhlE MOXHO HCHNOJMb30BaTh
KaK HCTOUHWK Tensa. llpenmosaraercsi, uto HEKOTODHIE YCTAHOBKH
BHYTpH 37aHus paboralor B TeueHHe 24 u. 31ech CYMeCTBYIOT HCTOY-
HHKHU TeIJia OT OCBelIeHHS U mep-

coHaja B Teuenne 9 u. MoxHO

NpeACTaBHTh MOKA3aTeJH CHCTe- a;fgf R r/} a)
Mbel <«Enercon» Kaxk wu3sMeHeHHe N ?‘ |
KOJIHYeCcTBa 3aMacaeMoro Telja é%
B BOJAsSHOH CHCTEMe, OTAaBaeMo- 500 « > 7
ro KOHAMIHOHUPOBAHHOMY BO3- 'é% §
ayxy (puc. 6.11, 8). Ha rpadu- §§
Ke BHJAHO BJHSHHE TeMOEepaTyphl 0”\2 : 5\3\111 72\2 o 7a>q
BOJbI; OH NPOXOAUT Yepe3 MHHH- ’
MyM B 10 u, Koria Hcuesaer F 3 5157 4 558 9 85553 05
BKJIaJ, OCBEIlleHHs, H IOBBIIIAET- GO T T L) T T T
csl B CepefMHEe MHs, KOTAA BO3-  Wxfr : o 8]
pacraer MOCTyIJieHHe Temja OT C } PR
YCTaHOBOK, OCBelueHMs M mepco- .| 1 & . [/ i
HaJa M BKJIOYaeTcs KOHIHIIHO- e
HHpOBAaHHE. A ]
0 N ' ;

Puc. 6.11. YacoBot rpadux Harpysku N7 45 Iz ¢« 5% NIT,
CHCTEMBL ((EHGI'COI]» pitit:s KOHTOPCKOFO . . . )
31aHHS € HCHOJB30OBAHHEM aKKYMYJH- F 3 3 1527 4 558 9 85 585 3 05

HUf TenJja. _
tll)(i-BraIOTpeﬁHiCTba B TCINe CEMH3TaXHOIo ﬁ,iZZ ]7 ;M-r NG

Sy | 9|
KOHTOPCKOTO 3Janusi; [ — Telio AAf NOA0- S z )
rpeBa BEHTHASUHOHHOTO BO3AyXa; 2 — Ten- | &

JIOBBle NOTEPH Yepe3 OrpaXKAEHHS; T — BpeMs Joq 3, !

CYTOK: 6 — W-TenosblAc/ieHHe B KOHTOPCKOM Y

3naHRu. | — 3JeKTpPoMeXaHHYecKoe 0oGOpYHO- i | Ly
BaHHUe; 2 — IlepcOHaN; 3 — OCBelleHHe 25 Bt/ 7 i ! I ; 7
/Mm% 8 — CoBMelLEeHHe TDadHKOB NMOTPeOHOCTH - +

B TemiC H TEIMIOBbAEJEHHsi B 3DaHuu: [ — M Z 4 6 6 wWizZz 46 8 Wy
HCNONL30BAHHE HAKONAECHHOrO Temiaa; 2 — Ha- .
KONJIeHHe TenJaa OT BHYTPEHHEro TemJOBbBI- 3 3
AeNeHHs.

“w b

152 4 8558 9 4565 3 a5
AR

BiiemHufi BMA THIHYHBIX YCTAHOBOK C KOMIIDECCOPOM, BEHTHJSATO-
pOM, BOISIHBIM KOHTYDOM, YNpaBjeHHeM H KOXYXOM I[IOKazaH Ha
puc. 6.12. Ha puc. 6.12,a nokasaHa yCTaHOBKa, MOHTHpyeMas Ha IO-
TOJIKe, Ha Ilefl BHJIIUI c/IeBa HanpaBo: KOMIpeccop, KopoGKa ynpasJe-
HHs 1 TPYOKHM AJs Harpesa W OXJaxJeHHs Bozlyxa. Bece coennneHus,
B TOM U}Cje H BOAAHOH CHCTEMBI, pa3MelieHbl ¢ OAHOH CTOPOHBI KOXKY-
xa. CucTeMa ynpaB/eHHs BO BPeMs PEMOHTa MJH OOGCIYXKHBAHHS MO-
JKeT OBirh cHATA 6e3 HeoBXOJAMMOCTH pa3GopKH BCEH KOHCTPYKIHH.

Ha puc. 6.12, 6 nokasan paspes ycraHoBkd «Versa Temp» MOHTH-
pyemoit Ha mouay. CHCTeMbl 3/€KTPHYECKOTO H DYUYHOTO YHPABJICHHS
pasMellleHsl BBliLie KoMmrpeccopa, ¢ 1npaBoii CTOPOHH HaxoadTtcs Ten-
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Puc. 6.12. Tlotonounnit konauuHonep «Enercon» (a), paspes yCTaHOBKH
«Versa Temp» (6) 1 ee oGpatHas cropoua (8).



JI006MENHHK XJ1a104aTeHT — BO3AYX, UEHTPOOGEKHBIH BEUTHISATOP H er'd
ABHraresan. llpeaycMorpesHo yjpajieHde CKOHAEHCHUDOBABILEHCA HA Ten-
JooOMeHHHKe BJIAaru ¢ NOMOLIBbIO MOAAOHA, BEAYLIETO K TPYOKe B JieBOK
yactH koxyxa. Ha puec. 6.12,8 — yacTHYHO packpblTasl yCTaHOBKA
«Versa Temp» ¢ BOASHBIM TENJI00OMEHHHKOM.

IIpencrasiaende o pasMepax ycTaHoBkH «Versa Temp» ans kaGH-
HETHOTO pa3MenleHHsa (Ha MmoJy) J[aloT cieAylomue UUGpPH: AJaHHA
956—1280, makcumanbHasi BeicoTa 743 MM; Macca 63—96 kr. Hau-
MeHbIIas yCTAaHOBKA MMEeT XOJOJONPOU3BOAHTEAbHOCTh 1,76 # Temio-
IPOH3BOAHTENbHOCTD 2,42 KBT. B moc/ienneM pexHuMe sJeKTPHUeCKas
momHocTh 0,72 kBt (BentuassiTop u koMmmnpeccop). Hauboarsmas ycra-
HOBKAa WMeeT TeIJIONPOH3BOAUTEIBHOCTh 5,54 M HOJHYIO 3JeKTpHue-
CKy10 MomuocTh 2,02 kBT.

QHUpMBl, BHIIYCKAIOIIHe NEUEHTPAINIOBAHHbIE CHCTEMBI, YTBEPK/1a-
0T, YTO HX TNPOAYKLUHSA HMeeT CYUIeCTBEHHBE MNpeHMYIIecTBa Iepej
LEHTPAJM3IOBAHHBIM XJaLocHalOXeHHeM ¥ HHAHBHAyaJbHBIMH arpera-
tamMd. B taba. 6.1 comocTaBjieHbl OCHOBHBIE CBOHCTBA 3THX CHCTEM.
B paGore [4], orkyna 3auMcTBOBaHa 3ta Tab/aHLa, YKa3aHO, 4TO LIYM
U BJaXHOCTb NDM CONOCTaBJEHHHM He YyuHThIBaiorTcs. [IpenoTBpaTurh
IIyM BHYTPHKOMHATHBIX YCTAaHOBOK TpYyJAHE€e, UeM IeHTPAJH30BaHHBIX;
AJIS 3TOTO NMPHMEHSIIOT apXHTeKTYPHO NMpHeMJeMble orpaxX/JeHust H Apy-
I'yI0 aKycTHYECKYlo u3oasuuio. OTHOCHTENbHAs BJAAXKHOCTb, KAK MOKa-
3BIBAIOT HEKOTOpble MCCAEOBAHHSA, OPH HU3MeHeHHU oT 25 no 75% wHe
OINYIACTCH YEeJOBEKOM, €CIM TeMINeparypa IOAJEpIKHBAETCS B Npeie-
Jax koM@opTHOH.

KomiyecTBeHHbie faHHbIe O KAIHTAJ0BJOXKEHHAM H SKCIJyaTauu-
OHHBIM 34TPaTaM B CHCTEMbl KOHJMIHOHHDOBAHHS BCEX TPEX THIIOB,
ynoMsHyTBIX B TabJ. 6.1, ykazanel B Taba. 6.2 u 6.3. Cienyer orme-
THTb, YTO NOTpeO.JeHHEe IHEPrHH MOXKEeT 3aMeTHO OTJHYaThes B KOHK-

Ta6anua 6.2. KanuranosiaoxeHns A aAMHHHCTPATHBHOrO 3AaHHS
Ha 10¢ m? (1977 r.), ¢. cT.

Saexktpuyeckult | Neunentpannszopan-
3aTpaTbl Ha upoBefeHHE 4-tpy6Hasi cucte- | BO3AYWHLIE KOH- | Hble TenaoHacoc-
pabot 1 obopyaoBanue Ma {cHcTeMa a) LHUHOHED Hble YCTaHOBKH

{cucrema 6) {cucTeMa 8)
YcranoBka BO3AYWHOrO KOHAM- 10460 = 104 M2X526=1| 10% M2X50=
LLHOHHPOBAHHS =600 000 =526 000 =500 000
CucreMa CBeXero Bo3ayxa Beiite yxe 104 M2X3,25=| 10¢ M2X3,25=
BKJIIOUEHA =32 500 =32 500
IJAeKTPoCceTb H BOJONPOBOJ 104 M2X 5= 10% M2X3,25= 104 M2X5=
=50 000 =32 500 =50 000
Crpouteasusie paGoTbi, moMelie- 210 12 000 90 000
HHe IJs YCTaHOBKH, KaHaJbpl AJs
o6cayKUBaHUSA
OrpaxielHe YCTAHOBKH B KOM- 25 000 50 000 50 000
Hate
Mountax u naéaoienne 55 000 12 000 25 000
Hroro 940 000 664 500 747 500
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Taéauna 6.3. Akciviyatauuonuite pacxonsi (fonosxeHné k taba. 6.2), ¢. cr.

Cucrtema a CHcrema 6 CHcreMa 6
DJNeKTpPO3Heprus:
KOMIIPECCOpHI, BEHTHJSATOPHI, 13777 32381 15426
HACOCH, IOAauYa  CBEXKEro
BO3AYXa M 3JeKTpOHarpes
JAJISL CHCTEMH 6
OTtonuenne:
OpHPOAHHA raz ¢ yd4eToM 11186 Hert (anexrpo- 6200
noTepb IPH CrOPaHHH Harpes)
O6cnyxuBanue:
Ha6oaeHHe H PEMOHT 30000 15 000 20 000
peHoBanus MailuH, KOTIOB, [ 250 000/25 ner={ 50 000/12 ner={300000/20 ner=
rpagupes =10000 =417 000 =15000
T'opoBrie SKCI1yaTalHOHHEE 64 963 93 081 56 626
Pacxoau
TonoBnie oTuncaenus npu 10% 940 000 664 500 747 500
npubuiau 3a 50 ser (1/9,91) = (1/9,91) = (1/9.91) =
=94 853 =67 0563 =75429
{Tonubie roaoBHe 3aTpaTH 159 816 160134 132055

PETHHIX YCJOBHAX SKCIJYATALMH KaXKAOH H3 CHCTEM, TaK 4TO NpHBe-
JeHHble 3HAYEHHS CAYKAT TOJABKO JJIsi HX comocrtasierusi. [TogxoGHas
OrOBOPKA OTHOCHTCS M K SKCITyaTallHOHHBIM PacXOaM.
JleuenTpanusoBaHHble TENJOHACOCHBE CHCTEMBI HMEIOT NpeHMylle-
CTBA H 10 KaNHTaJbHBIM, H 10 TeKYIUM 3aTpaTaM. LleHTpanu3oBauHyio
CHCTEMY MOXKHO YCOBEpIIEHCTBOBAThH € MOMOLILI0 BOCCTAHOBJIEHHS TEIl-
Ja € TennooGMeHHHKAaMH M TeIVIOBHMH TpyGKamu [5], uTo CHH3HT
5KCIJIyaTalHOHHBE DPacXoibl, HO MOBBICHT KalHTAJOBIOXKeHHs. [lo-
CJIe[HHe MOXHO CHH3HTb, €CJaM OGOpYZOBaHHE [Jjil BOCCTAHOBJIEHHS
Tesa NpeAycMOTPeHO B NPOEKTe 3AaHHs, TaK YTO pPa3Mephl XOJIOLHIb-
HOH YCTAHOBKM COOTBETCTBEHHO yMeHblLIeHH. [IpeHMyIiecTBo AeueHT-
paJH30BaHHBIX YCTaHOBOK COCTOMT B NMPOCTOTE MOHTaXa M PEMOHTA.
EIMHHYHYIO YCTAaHOBKY MOXKHO 3aMEHHTDb, He 3aTparuBasi BCIO CHCTEMY.

6.4. KOMBMHUPOBAHHDBIE LIEHTPAJIU3OBAHHbBIE U
AELEHTPAJIU3OBAHHBIE CHUCTEMbI

HeneHrpannzoBaHHbEle HAcOCHBle YCTAaHOBKH YAOOHH B Tex cayda-
AX, Korja B OoJbIIUX 3JaHHSAX MHOIO HeDOJBIIHX KOMHAT, Tpebylo-
HWIUX B OJHO ¥ TO K€ BpPeMs HarpeBa WJH oxyaxiaeHusa. Ho B 3manu-
X ¢ 6OJNBUIUMH 3afiaMH YAOOHBl LeHTpa/ibHble CHCTEMB KOHIHIHOHH-
poBaHHs. B 3TOM Ciyuae COBMECTHO HCHOJBL3YIOT pPEeBEepPCHBHHE yCTa-
HOBKH, MOHTHpyeMble Ha Kpblllie ¢ HHAHBHAYaJbHBIMH KOHIHLHOHEpA-
mu «Enercon», onucanueiMu B § 6.3 (puc. 6.13). 3xecy BuaHA BoAsIHASA
CHCTeMa ylpaBJeHHs, MOHTHUPYEMOH Ha KpHIle, CBSI3BIBAIOMIAST KOM-
HaTHble KoHauuuonepol., Ha puc. 6.13 caeayer rakxe oTMeTHTb Gak-
akkymyssitop. [loMHMO HakoIIeHHs Tenja B MEPHOJAbl HHTEHCHBHOIO
OXJIAXKAEHKST A5 NMOCAEAYIOIEro HCNONb30BAaHUS B OTOMHTENLHOM pe-
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KHME OH MOXKET aKKyMyJHPOBATh TEMJNO COJNIHEYHBIX KOJNJIEKTOPOB H
cOpOCHOE TemJI0 XOJOAHIBHHKOB H IPOMHIJIEHHBX Npoueccos. Ilpu
HaJIHYHY AONOJHHTENbHOIO TEeIIOOGMEHHUKA ero MOXKHO HCIOAb30BaTh
JUISL TOPSIYero BOAOCHAGKEHHUS,

Sy

| I
Puc. 6.13. Ycranoka «Enercon» c pesep- [L:, &
CHBHBIM BO3AYUIHBIM KOHAHLHOHEPOM. -
1 —- Hacoc; 2 — peBepCHBHAsl KpPbIMIHAS YCTaHOB-
Ka; 3 — PeBePCHBHBIY XKOHAHOHOHEP; 4 — AONOA-
HHTeALHHA HarpeBaTenAb; 5§ — c6poc rtemna; 6 —
6aK-aKKyMYJASTOP; 7 — COMHGYHBIR  KOAMEKTOD; - 1 E
8 — HarpeBaTe/ib OJA TFOpsiYero BONOCHaGXKeHHA. 1‘#

7 5

Puc. 6.14. Cucrema AAF nns moHTaXa 1o xpsiuef.

Ha puc. 6.14 nokasaH pa3pe3 arperHpoBaHHOll YCTaHOBKH C BO3-
NYUIHBIM TeNI0OOMEHHHKOM B JieBoH uactH. IlocpenHHe BHAHBI HEHT-
pobexXHBIH BEHTUJSITOD H NPHBOAHOH ABHraTesdb, a CIpaBa — KOMIIpecC-
COp 1 BOASIHOH TeNJIOOOMEHHHK.

6.5. TENMNOBbLIE HACOCHI B MJIABATEJIbHbIX BACCEHMHAX

TennoBole HacOCHl XOpPOLUO COXPAHSIOT 3HEPrHIO B IIJIABATEJNbHBIX
6acceflHaX ¥ WIHUPOKO NPHMEHSIIOTCS B NOCTAeNHHE TOJLI, OCOGEHHO B
Auraun u OPI. B GoabmHHCTBe nuaBateJbHBIX 0acceiiHOB ¢ @X I0-
MOIUBIO MOAHO HCIOAb30BATh TEMN0 COPOCHOTO BJAXKHOTO BO3AyXa AJs
oTonJeHnst zana 6acceiina. TemroBoil Hacoc MOXKHO TakyKe HCHOJbB30-
BaTh B COYETAHHH C HCTOUHHKOM I103€MHOI BOAH AJS1 APAMOro Harpe-
Ba 3aKPBITOrO HJUM OTKphiTOro 6accefiHa ¢ MPUMEHEHHEM aKKyMyJsiTo-
pa TenJsa. Jlas 3aKkpHTHX 6accefiHOB MOMHMO HarpeBa 0acceiiHa Tpe-
Oyercsl AONOJHHTENbHOE Topsuee BoAoCHabG:KeHue. Haubosbmas BbI-
roja noJyuvaercs NpH MCNOJAb30BAHHH TEIVIOBOrO Hacoca TaM, TAE
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'0HOBpEMEHHO TPeGYIOTCS Harpes M OXJaxkAeHHe B COJbIIMX MacilTa-
6ax, HanpuMep B CIOPTKOMIIEKCAX C HCKYCCTBEHHBIM KaTKOM M ILIa-
BaTeJbHbIM GacceiiHoM. Hu:Ke paccMOTpeHHl BCe YINOMSHYTHIE TIpH-
Mephl.

6.5.1. TENJIOBOH HACOC ANA UCNONb3OBAHWSA TEMJIA
CBPOCHOIO BO3AYXA

O6biunHo OBIIeCTBEHHBIE 3aKPHITHE MJaBaTeJabHble GaccelHbl sBJA-
IOTCSL KpPYNHBLIMH NOTPeGHTENSAMH JHEPTHH, OCOOEHHO B YCJOBHSAX XO-
JOIHOro kKawmarta, [loTepu Temja MO OTHeNbHBIM 3/7EMEHTAM MOTyT
6bITh NPHEAU3HTENLHO OTpaxeHH rpadukoM (puc. 6.15) kax GyHxuus
TeMnepaTyphl okpyxatouiero Bosayxa. Coranacho [5] romosoe morpe6-
JleHHe 3HEepruy AAA OOLIeCTBEHHBIX 3aKPHITHIX 6accefHOB COCTABJASET
14000 xBt-u/M? BogsHo# moBepxHocTH. Heob6xoaumass TeMmepatypa

Boxsl okosio 30°C, a temmneparypa Bosiyxa

100% HeMHoro Bhiwe. TpeGyemMast KpaTHOCTb BeH-
tuasuyy ot 4 1o 20 o6beMoB B yac.

7 I Jlast Hcmosnb30BaHHA Temia COPOCHOTo

4% BO3/lyXa MOKHO TPHMEHHTb Bpalllaioulnecs

2% reHepaTophbl, M[OAOTpEBAIOUIME BXOAALIHH

0 ” BO3RYX ¢ 3KoHoMHeH sHepruu [6]. HMcmoan-

7 T, 27 30BaHHE TAaKUX TEMJIOOOMEHHHKOB CTaHO-

BHTCS OOIIENpHHATHIM B OaccefiHaX, oAHa-
sakphtoro  maasaremssoro KO OHH BOCCTAHABIHBAIOT JHIIL HACTh Tell-
Gaccelina. . Jla, colepiKailerocss B cOpOCHOM BoO3zyXe.
I — pentaxsmmonnme; ] — wepes GOAEPXKAHHe B HEM BJIATM BECbMa BEJHKO,
orpamaeHus; NI — ucnapese 3 GOJIBIIMHCTBO OOBIUHBIX CHCTEM BOCCTA-

HOBJIEHHSI TEIJIAa HCIOJb3YeT TOJIBKO SIBHOE

Temyno. PekynepaTuBHBIE TemIOOGMEHHHKH
CHOCOOHBI KOHAEHCHPOBATh TONBKO YacCThb BJIArH, W NPUTOM CPABHH-
TeJbHO Majylo. BoccraHOBJIeHHe CKDBITON TEMJAOTHI MOXKHO 3HAYHTEJb-
HO yJyYIUHTb, MPUMEHAS TeIIOBBIE HACOCH, BO MHOTHX CJYYasfX COB-
MECTHO ¢ OOBIYHBIMH CHCTEMAaMH BOCCTAHOBJIEHHS TeIlla.

TunnuHBIE TPHMED TENMIOHACOCHON YCTAHOBKH IJIs KOMTUIEKCa IJia-
BaTesibHbIX GaccefinoB B Uecrepe (AHrams) onucar B pabore [7]. IIBa
IJIaBate’ablblx 6acceftia o6pasyloT yacTh GOJMBIIOTO 3aKDPHTOrO CIOP-
THBHOTI'O LEHTPa H NOTPeGJAI0T GOJNBMIYIO YacTh IHEPrHH, MojpaBaeMoil
B 3/laHHe C pacueTHOH TemnoBoll Harpyskoit 2 MBrt. CBexuii BO3AyX
-MOCTYN&EeT B KOMIIEKC pacxonoM 46 M/c, u3 xoropux 21 M/c monaercs
B 3a1 Gacceiina. BrICOKast KpaTHOCTb BEHTHJSLMH MHHUMH3HpYET
KOHJEHCAIIWIO B 3aJe H NPUJIeraloluXx KOMHATaX, a TaKke YMeHblIaer
3aMax XJopa, NPUMEHAeMOro B leJsX cTepuausaiuu. [losHas Temsio-
Bag Harpyska 2 MBT cknajnpiBaercst H3 HarpeBa BoAH B GacceliHe, ro-
pAYell BOAW A/ AYIIEBHIX H OTOMJIEHHS HPHMBIKAIOWEro CJAYKeGHOro
3nanus. Oxoao %/, mosHoro pacxoma Temja MAeT HA BEHTHISLHUIO, H3
HHX MJIaBatenabHblli 6acceiiH NoTpebsieT NoJOBHHY.

Texunxo-sxoHOMHYeCKHe pacyeThl pasHYHBIX BAPHAHTOB IOKAa3a-
JIH, UTO B AQHHOM cjyyae Haubojlee SKOHOMHYHBLIM SIBJISIETCS NpHMEHe-
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HHe 3aMKHYTOrO KOHTYpa C NPOMEXYTOUHLIM TenJoHOCHTENEeM B BeH-
THASHMOHHBLIX — KallalaX COBMECTHO C TeIVIOHAaCOCHOH cHcTeMoii
(puc. 6.16). C6pocHoO#l BO3AYyX, NPOXOAS MHMO YacCTH 3aMKHYTOrO KOH-

i
] A
L I
+ X + 28°
T zgst T}

32°C

i

a0°t

70°%

Puc. 6.16. Cxema TemJaoBOrO Hacoca H CHCTeMB KDPYIVIOTOJHYHOrO BOCCTAHOBJIEHHS
Terma.

Typa, NPpeABADHTEJNbHO OXJaxKAaercd,
oTAaBas AOJI0 CKpBITOro TeImaa, a 3a-
TeM €elle oXJgaxjaaercda Ha 4°C B uc-
napurese TENJAOBOro Hacoca (pHC.

,0.0139

6.17). CBexxuifi BO3LyX cHayaja Ha-

rpeBaeTcsi BTOPOH NOJOBHHOH 3aMKHY- 0,0031
TOrO KOHTYpa, a 3areM JorpeBaercs — 1 1 1

B KOHJEHCATOpe TeIIOBOTG Hacoca. iz &7 mz %
B o6iieM TensoBoM 6anaHce 3aMKHY- 57 186 0

T KOHTYp  BO3BpaIlaeT  OKOJMO  Pyc. 6.17. IlcHXxpoMeTpHuecKHe
400 kBt, a TemnaoBOH HACOC — HEMHO-  JasHHe s COPOCHOrO M MpH-
ro Gosee 1 MBrt, ocraBasii cpaBhu-  TOUHOrO BO3AyXa B 3NaHMH Hia-
TeJIBHO Manyl0 4dcTb TEIVIOBO)i Ha-  DaTC/BHOrO Gacceiifa.

¢ — OTHOCHTeJibHas BJaXHOCTb
Ipy3KH AJs MOKPBITHS TOCPEACTBOM 100%; d — a6cooTHOE BAAarocoiep-
OOBIYHON KOTeNbHOH. ['a30BLI KOTeJ ~ XAHHS KI/KT CYXoro BOsyxa.
BKJ1I0YEH NOCHEJ0BATeJbHO C TEIJIOBHIM HAacOCOM, NMpHYEM TeMIepary-
pa mocjie TEMJIOBOrO Hacoca AOCTAaTOYHa AJd HarpeBa Bo3Ayxa B IIa-
BaTeJbHOM OacceiiHe, a Oojlee ropsiuasi Boja, AOrpeTas B KOTJE, MAET
Ha papyrde Hyxawol. TemsnoBoil Hacoc Oblnr monoOpaH H3 YCJOBHSI BO3-
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MOXKHO Oosiee OJIH3KOrO COOTBETCTBHSI HOPMAaJbHHIM TeMniepatypam
BO3JyLUIHOTO KOHIHIIHOHHPOBAHHA, UTG MO3BOJIHJIO HPHMEHHTb CTaH-
JapTHble arperaTel IJis OXJaX{AeHus BOJAbl. ¥YCTAaHOBJIEHH ABa arpera-
Ta, KaXKABIf ¢ JByMS HOpIUIHEBBIMH KomnpeccopaMH. (O6a arperara
paboraiorT mapaajiesbHO H PEryJaHpYIOTCS TeMIepaTypoil oxnaXaeHHOH
BOAHL.

MouwHOCTh KOT/IOB ONpelesieHa H3 YCJAO0BHH OTOM/IeHHs: GaccefiHa H
NpUJIeralomix 3Aauuid B XxonoHoe BpeMs. IlepBblft SKCIIyaTanHOHHBIH
onBIT, BKAOuawmuii temnosofi Hacoc ¢ KOII uue 4, mogasaj, 4to
HHTEHCUBHOCTh HCIAPEHHSI C TIOBEPXHOCTH GaccefHa CYLIECTBEHHO
HHXKe, UeM HoJyyeHHas mo pacuery. B pesyjbTaTe 3TOro KOJHYECTBO
Tensa B ¢OPOCHOM BO3[yXe, NOJJeXKailee HCI0JAb30BAHUIO, OCOOECHHO B
TENJIOBOM HacoCe, 0Ka3aNoCh HECKOJIBbKO MeHbllle oxXHaaeMoro. [lomnoJ-
HUTEJbHBIH Harpes, TpeOyeMbld AJA NPUTOYHOrO BEHTHASILHOHHOTO
BO3/AYXa, YBeJIHUMJCS, YTO B 3HAYHTEJbHOH Mepe CKOMIIEHCHPOBAJIOCH
yMeHbUIEHHEM TenJaoBoH MoOLHOCTH, TpeOyeMOoH AJs Harpesa caMoro
bacceiina.

6.5.2. KOMBMHALIMA MCNONB3OBAHMA CBPOCHOIO TEMNJIA BO3AYXA
C APYIMMHU TENNOHACOCHBIMU CUCTEMAMM

IlpuMeHenHe TemsaoBOrO Hacoca B NJAABATEJNbHHX OaccefiHax He
OrpaHHYHBAeTCsl CHCTEMaMH BO3I4yX — Bo3iayx. ®upma Sulzer, nmero-
111ad, BePORTHO, HAHOOJbUIHA ONBIT B MPHMEHEHHH TENJOBLIX HacOCOB
B NJIABATEJBHbIX OacceiflHaX, KOMOMHHpYeT psi TelJIOBBHIX HAaCOCOB,
KaXJblil H3 KOTOPBIX HMeeT CBOe Ha3HaueHHe, THIHUYHLIM OPHMMEpPOM
CIYXKHUT ycraHoBka B JIuHnenOGepre (puc. 6.18). 3akphiThlii Hacceiin ¢
BoJHOMH moBepxHocThi0 315,5 M2 uMeeT TeMmepatypy Bo3ayxa 30—32°C
H TeMIepaTypy BoAbl Ha 2° HHXKe.

Tennosoil Hacoc A ¢ nonyrepMeTHYHBIM MHOPUIHEBBIM KOMIIPECCO-
poM MoinHocTho 228 kBT nemosb3yeT cOpocHOil BO3AYX KaK HCTOYHHK
temaa. CBeXKHi BO31yX NDOXOAHT yepe3 KOHAEHCATOp, a 3aTeM OOHIU-
HBI KaJsiopugep, CHoCcoOHBIH obecneuduTs HOMOJHUTENLHBIH Harpes,
ecau 310 Heobxoaumo. Ecau oronurenbHas Harpyska MeHbllle, YeM BbI-
XOAHash MOLIHOCTL TeMJIOBOTO Hacoca, TO BTOPOH KOHAEHCATOP € BOAS-
HBIM OXJIaXKAeHHeM OTJaeT M3OHITOK Temaa 1Jsi Harpesa Bojabl B Oac-
cefine. Bropoil tensoBoil Hacoc B crangaprHoi Moaenu «Sulzers Ha-
rpeBaeT Boay B OaccefiHe. OH TakiKe HCIOJb3yeT NMOPIIHEBHE KOMIpec-
COpBl H MMeeT TeNJIOBYIO MolHOCTh A0 582 KBT. ¥cTaHOBKAa MOMIHOCTHIO
258 kBr, Bxoadmas B 3Ty cHcTeMy, paboTaer Mo cxeMe KHAKOCTb —
KHAKOCTh, HCIIOJNb3Ys B KayecTBE HCTOUHHKA Temsna cOPOCHYIO BOAY
OJIM3seKalero NpPOMBIIIEHHOTO mpefnpuaTHs. Hapsay ¢ narpesoM
BOAbl AJs OacceliHa yacTh TelJa aKKyMYJHpYyeTCs QA HCMOJAb30BA-
HHSt APVITHMH TeJJIOBBIMM HacOCAMM TOrO JKe THHA TemJOBOH MOUHO-
ctoio 151 kBt. [IBa KOHAeHcaTopa BKJIIOUEHBl NApasesNbHO, OHH Ha-
TPeBaiOT BOAY I/ AYyHIeBHIX W oborpeBa nosoBs. MHTepecHo oTMeTHTD,
YTO JaxKe CJAMBAOULAsiCsi BOKPYI KPOMOK OacceifiHa BOxa HCIOJb3YEr-
¢Sl KaK HCTOYHHK TeIlia AJd TenjoBoro Hacoca C.
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Puc. 6.18. OaHo- M ABYXCTYyNeHYaTasl TEIJIOHACOCHblE YCTaHOBKH 3aKPLITOro IJaBa-

TeJabHOro Gaccedina.

A — TennaoBofi HACOC BO3AYX — BO3AYX: [ — KOMIpeccop; 2 — BO3AYXOOXJAaAHuTeNb (HCIAapHTENb);
3 — KOXKYXOTPYGHBI)l TeNNOOOMEHHHK; 4 — KOHAeHCAaTOp AJist HOXOTPeBa BO3nyXa; 5./ — GycrepHblit
pagHaTop AAsS BO3JAYyXa; 6 — BEHTHJASTOP OPHTOYHOTO BO3AYyXa; 7 -— BEHTHJAATOD YXOAALWIEro BO3-
Ayxa; 8 — UHPKYJARLHOHHLI Hacoc.

C — TenaoBOfi Hacoc AAR AyUIeBBX M oforpeBa mnoda: [ — KOMNpeccop; 2 — OXJafKTeAb BOAbI
(HcmapuTteap); 3.1 — KOXYXOTPYGHRIA KOHAeHcaTop AAA o6orpeBa nosa; 3.2 — KOXKYXOTPYGHBIi
KOHIEHCATOp ANsl AyWleBHX H GaccefHOBOA BOAMI; §.3 — IPOTHBOTOYHMIH TENIOOGMEHHHK,

D — &uabTp BOAM; E — pacnpefeduteab tenJa; U — cGOpHHK pacnpefennrens ropsivel Boaw; H —
IGOPHHK pacOpenesHTes XOJOLHOft BOAM; | — YMsirYHTelbHast ycTaHoBKa; K — docdatHpoBanue;
L — xnopupoBaune; M — cGOpHHK BhiDJlecHyBlllefics Boanl; N — ¢daokyasnus; O — BXoX BO3AyXa
B 3JaHHe OaccefiHa.

B — renaoBoit Hacoc nasm oGorpeBa GacceftHa: | — KOMApeCcop; 2 — OXJafAHTeAb BOAH (HclapH-
Teab); 3 — KOXKYXOTPYGHBII KOHJeHCaTop; 4 — 0GOrpeB XOPOXKKH AAS NOAX0Aa; 5.2 — NPOTHBOTOY-

Hblli TENJA0OGMEHHHK.

W1 — HCTOYHHK Temja: BBRIGPOC BJAXKHOrO BO3Ayxa; W2 — HCTOUHHK Tellna: BOJAa HJAs HarpeBsa
GacceflHa, nona H AyweBhx; W3 — HCTOYHHK TeNJda: aKKYMYJHpPOBaHHOe Tenjao; P — BosBpar
BO3AYyXa H3 3jaHMs; Q — CBeXH# BO3AYX; R — BmGpacbiBaeMbifi B03AyX; S — oforpes nNona;
T — KoppeKIHs BOXOPOXHOTO NOKa3aTens.

6.5.3. OTKPLITHIE NNABATE/IbHbIE BACCEAHDI

ITH GacceiiHbl, €c/IH X PACCMATPHBATDL OTAENBHO OT ZPYTHX peKpe-
ALHOHHHX OODBEKTOB, MPeLCTABASIOTCA HECKOJBKO HHOH cdepoil npH-
JIOJKEHHsI TeIVIOBBIX HacocoB. 3Jechb HeT HCKYCCTBEHHOH BEHTHJISILMH
NpOCTpPaHCTBA BOKPYr (accefiHa, a cJeI0BaTeNbHO, HCTOUHHKOB TEILIa
LISl er0 BOCCTAHOBJAEHHS], U TENJIOBBIX HaCOCOB.

B stom ciyvae 1ennoBoH HacoC NPHMEHSIOT NPH HAJHYWHU NPHPOJ-
HOTO HCTOYHHKA HH3KONOTEHIMAJbHOrO TemJia JJis HarpeBa BOAB B
Gacceiiie (puc. 6.19). 3nech B KayecTBe HCTOYHHKA TENJa HCIOJIb3YeT-
¢ peynas Bojia c¢ TeMmnepatypoii 10°C, xoropas ¢uiabTpyercs mnepea
MOCTYILIEHHEM B HCIapHTEdb H oxaaxjaercs B HeM jgo 7 °C. Iloayyen-
HOe TelJIO BMeCTe C TellJIOM, 3KBHBaJIEHTHHIM pafoTe KOMIpeccopa,
NOBHIIIAET TEeMNepaTypy BOABI, LHPKyJHpylomel B Gaccefine. C mo-
LOGHON 1eJBbI0 B TEMJOHACOCHBIX CHCTEMAaX HCHOJb3YeTcs H -MOpCKas
Boaa. baccefiH Ha Mopckoil Boje OGCTYyXKHMBAeTCs TEIJIOBBIM HACOCOM
tdupMel Sulzer ¢ ueHTpoGeKHBIM KOMIPECCOpOM Ha XxJaajgoareHte R12
TennoBofl MoulHoCTbI0 1620 kBT mpu noBbIIIEHHHW TeMmepaTypbl BOALI

— 157 —



6accetina or 23,6 no 32°C. KoneuHo, npuMeHeHHe MOPCKOH BOAH H
B HCIApHUTENE, ¥ B KOHAeHCaTope NOTpe6GOBa/IO H3MEHEHHs MaTepHala
060uX TenaooOMeHHHKOB.

Kak u Bo Bcex APYTHX cAyyasix, LEHTPAJbHLIMH BONPOCAMH NpHME-
HEHHUS TENJOBOrC HAcCOCa SBASIOTCH €r0 3KOHOMHYHOCTb IO CPaBHEHHIO
C APYrvMH HarpeBaTeJbHBIMH cHcTeMaMH. [/ cpaBHeHHS HeoOXOAH-

Puc. 6.19. Cxema TenJo-
HacOCHOHR YCTaHOBKH IJ4
OTKPBLITOTO nJjaBareb-
Horo GacceftHa.

1 — peyHast Boja; 2 — BOAfA-
HOH Hacoc; 3 — QHALTP; 4 —
HCRapHTeNb; § — KOMHApPeccop;
6 — NPHBOLHON JABHraTtedb;
7 — KoHJleHcaTop; 8 — pery-
JAATOpP MOTOKA XJAaA0areHra;
9 — OGacce#H, 10 — nacoc;
11 — ¢uaprp.

Mo cofpaTh TOYHHE pAaHHBle 00 OCOOEHHOCTSIX YCTAaHOBOK, KaluTa-
JIOBIOXKEHHSX, PECYpCce M 3KCHIyaTAallHOHHHIX pacxoaax. Torga cyM-
MapHHle 3aTpaThl Ha TeNJIOHACOCHYKW YCTaHOBKY, BKJIOUaloOiile
3KCIIyaTallHOHHBIE DACXOIH M aMOPTH3aLHOHHBIE OTYHCJIEHHS, COMO-
CTaBJASAIOTCH C AHAJOTMYHBIMH 3aTpaTaMH Ha TPAAHIHOHHBEIE CHCTEMBI
OTONIEHHst Ha HeTH, rase Y yrie.

B xauecTBe mpyuMepa npuBeieM cpaBHeHHe TEIJIOBOTO HAacoca ¢ Hed-
TSAHBIM ¥ Fa30BBIM HarpeBoM IJsi OTKpHiTOro Gacceitnia B ®PI” nmo nan-
HbIM upmbl Sulzer.

Tenaosofl Hacoc:

Hounast snmekTposHepras . . . 0,05 mapkun/(kBT-u)
C

Temnepatypa HcnmapeHus Ce e 0 °
Temnepatypa KOHAeHcauud . . . . . . 30°C
Kosdduuuent npeobpazoBanus . Coe .5
Croumoets 1 TJIx (109 Hx) Tenna 2,8 mapku
HedTs:
Llena . . ... 0,3 mMapkH/Kr
TennorsopHas cnoco6HOCTb .. 42 000 kJx/kr
KI1A .. ee e e ~0,75

CroumocTts 1 l"D,;x Tenna 9,6 mapku

Tas:
ena . . . 0,3 mapku/m?®
TennoTBOpHAsN CHOCOﬁHOCTb 33 500 kdx/m?
KIAg .. ~0,9
Croumocts 1 F,II)!\ 'reana 10 mapok

CpaBHeHHe MOKa3bIBAET, YTO TEMJOBOH HACOC JaeT CYIECTBEHHYIO
SKOHOMHIO TMPH HAarpeBe OTKPHITHX 0accefHOB 3a CyeT BHEMHKOBOIl
3JIeKTPOIHEPTrHH.
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ITomumo peuHofl 1 MOpPCKOH BOAH AJist OTKPHITHX H 3aKPHITHX bac-
ceHOB MOXKHO HCIIOJNIb30BAaTh M APYrHe HCTOYHHMKH TemJa: oxJaxjaa-
IOILYI0 BOAY XOJOILHJIBHBIX YCTAHOBOK M BOAOCHAGXKeHHe NPOMHIIJIeH-
HBIX npeanpHATHA. MoXHO TaKKe HCNOJb30BATh H OKPYKAIOIIHH BO3-
AyX, 0CcOGelHO JIeTOM, B TEIVIOBBIX Hacocax THna Bo3Ayx — Boja. Hc-
[0JIb3YeTCA TaKkKe BOAA, MOAOTPETAs COJNHIEM, ¢ NOBHILUIEHHEM €€ TEeM-
neparypsl B TemJIOHAacOCHOl ycraHoBKe. Ecau, HampuMep, OTKpHITas
mJoWanKa s KaTaHHus Ha pPOJHKax pasmelneHa BOH3M GacceiiHa, To
ee OeToHHAsi MOBEPXHOCThL MpeAcTaB/seT coboH uaeaJbHbI aKKyMyJs-
TOp TeMJa, NOCKOJAbKY OHA OTKPHITa AJIS COJNHEUHOH PafHalH{H U HMEET
OOJIBIIYIO TEHJOEMKOCTD.

6.5.4. NNABATEJIbHbIE BACCEAHbI B COMETAHMM
C UCKYCCTBEHHBIMM KATKAMM

IIpurMeHeHHe TEMJOBBIX HACOCOB B TeX CYyyasiX, KOrAa HCKYCCTBEH-
HBIE KaTok oOpasyer eAMHBIH KOMIJIEKC ¢ [JaBaTeJbHLIM 6acceiiHOM,
paccMatpupansoch B paborax [8, 9]. HauGosee nompo6GHo omHcaHa
mBefiapckas ycraHoska [9], cxeMa KoTopoii npuBeieHa Ha puc. 6.20.

CucreMa BKJIOUaeT OTKPHITHIH nNJaaBaTedbHbl) Gacceftn 10, 3akphl-
THIH MNJaBaTenbHbH GaccefiH 9 M HCKYCCTBEHHBIH KaTok 2 pasMepoM
6437 m. TlosaHee 6b10 npeinoxkeHO AONOJHHUTL ee NJIOWIAAKONH A5
XOKKesl, a TaKkKe HEeCKOJIbKHMH 3aKDHITBIMH KOJbIEBbIMH JIeASHBIMH
JIOPOKKAMH, UTO He NOKa3aHo Ha puc. 6.20, XsagoareHTOM 31€Ch Cly-
XKHUT aMMHaK. McKyCcCTBEHHBIH KaTOK €O3[aeTCsl TJIaBHHIM HCHApHTEEeM
TENJOBOro Hacoca. AMMHAK Hcrapsercs B TPyGax, YIOXKEHHHX BAOJAb
KaTka ¢ maroMm oxoso 90 mMM. [pyro#i ncnapurenp CayKHT Aas Hc-
NOJL30BAHHS Telja MOA3EMHON BOABI MPH HECKOJNbKO Oojee BBICOKOIN
temnepatype. OH BBIIOJIHSET BAaXKHYIO DOJIb, TaK Kak pafoTa HCKyc-
CTBEHHOTO KaTKa HMeeT Ce30HHHIH Xapakrep, uto He ofecrneyHBaer Io-
CTOSTHHBIH HCTOYHHK TelJsa AJiS NJaBaresdbHOro Gaccefina.

BoccraHoBaeHHOe TENJIO B 9TOM CIOPTKOMIJIEKCE NPHMEHSIETCST B
pasnuiHbX Heasix. OCHOBHOH HCTOURHK 5 HelicTByeT Kak ryaBHHIY Ha-
rpeBaTesb B KOHType ropsivelf Boasl. B rennoobmennuke /8 Temio me-
penaercsl Boje OTKPBITOTO H 3aKpHTOro GacceitHoB. YacTp Temsia oOT
KOHIEHCATOPOB HCIOAb3yeTcsl JJs OTOMIeHH B Kajopudepe 8 u nas
NoJOrpeBa CBEXero BO3AyXa, NojasaeMoro B 6acceiin /4.

TTonnas xosozonpou3BoAuTENbHOCTL cocTaBaser 1380 xBr. Ilpu
OJHOBpPEMEHHOl paGoTe KaTKa M NIJaBaTeNbHHX OacceflHOB NoJHas
TEIJIOBasi MOIIHOCTb TEHJNOBBIX HacocoB cocraBaser 1815 xBr. Ipu mo-
CTOSIHHOH TeMIlepaType B OaccelfiHe TeMmepaTypa WCHapeHHs B KaTKe
HHXKe, 4eM HPH HCHOJIb30BaHHH HOA3eMHOH BOAH, uTo cHuxkaer KOII
cucteMbl. ITosToMy mnokasarenn ee npH KOMOGHHHPOBaHHOM palore
HHXKe, 4eM NP HCNONb30BAHHH TOMbKO NoaszeMHol Boab: KOIT cocras-
asier 4,03 u 4,61. IIpu paboTe TOIBKO HA HarpeBaHHe TEIJIOBOH Hacoc
paet oxkoso 2270 kBT, uto cocrasasier okosc 509% MarkcUMaabHOH Tem-
JIOBOH HArPy3KH KOMIJIEKCA, HMEIOLIEro TAKKe H KOTEJIbHYIO,

CpaBHeHHe XapaKTepHCTHK TeIIOBOTO Hacoca B ABYX pEeXHMax
npuBeneHo p Taba. 6.4, OTKyJla BHAHO CHHXKEHHe TeMIepaTypsl HCHa-
peunst npx pabore Karka.
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Tabauua 6.4. XapakTepHCTHKH KOMIpPeccopoB

P pasors Sopiesanpagena | Hamer Gaceelna
Temneparypa ucnapenus, °C —7 —1
TemnepaTtypa KoHAencauun, °C 47 47
CKOpOCTb BpallleHHs, 06/MHH 960 960
Xo0n080NPOH3BOAUTENIBHOCT, KBT 460 600
Momnocts kKOMOpeccopa, KBt 150 164
TennonpoH3BOAHTENBHOCT, KBT 605 756
HOMPIHaéIbHaﬂ MOIIHOCTh 3JEKTPO/BHraTe- 200 200
ast, KBt

JIpyruM mpHMepOM MOXKET CJYXKHTb Ia3OoMOTOPHHI Tem1oBoji Ha-
coc, IPHMCHSEMBIH TakXe U A4 oOblUHBIX 3naHHH. B ra. 7 rasomorop-
HHH TemnoBOH Hacoc omucaH Gojiee NOAPOGHO BMecTe ¢ APYTHMMH IpO-
MBIIJIEHHBIMHA [PHJIOXKEHHAMHU. 3aMeHa 3JeKTPONPHBOAA Ta30BLIM
JIBHraTeNeM NaeT SHepreTHuYecKHe IPEHMVINEeCTBAa, KOTAA MOXKHO HC-
MOJIb30BATh TENJIO OXJaxKAalouleH ABHrarteshb BOAB M BHIXJOMNHBIX ra-
30B. 3TO MOKA3aHO Ha JHarpaMMe MOTOKOB 3Hepruu (puc. 6.21).
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Puc. 6.20. Kom6unauts HCKYCCTBEHHOTO KaTka I NJaBaTeJbHOro OacceiiHa, B KOTO-
poﬁ HCIIOJIL3YIOTCA XOJ0JHJbHAA H HarpeBaTe/IbHAsl BO3MOXKHOCTH NAapOKOMIIPCCCHOH-
HOroO UHKJIAA.

| — MOTOp H KOMIpeccop; 2 — KaToK ¢ TPYOKaMH HCOHAPHTeAfl, BMOHTHDOBAHHbIMH B GeTOH; 3 —
HCMapHTeaAb OJS HCINOJbL30BAHHA TenJjaa noasemMHo#t Boasl; 4 — Hacoc n0113eMHOi'l BOJIbl, 5 — KoH-
JeHCaToOp AJs HarpeBa BOAbI H BO3XyXa; 6 — KOHACHCATOp IAA Harpesa BOJbl; 7 — NHKOBasl KO-
TeAbHast; 8 — pajHaTOp AASA OTONJMEHHA; 9 — 3akphiThil Gaccefin; /0 — OTKpbiThit Gacceitn, [/ —
GaK-aKKyMyJASTOD AJAS HarpeToft BOALI, [2 — DOTPeGHTeAH HarpeToil BOIbl; /3 — OXJaJuTenb BO3-
Ayxa; [4-— HarpeBaTeabp BO3AyXa; [5 — CAIHB OXJaKJAaowef Boabl; /6 — nojaua oxaaxiawoutel
BOAM; 17 — fipeHaX MNOA3eMHOR BOJBI; 18 — TennoOGMeHHHK 1JA HarpeBa BOAbI B Gacceiine.
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Cuctema, npeanoxxeHnast c¢upmoit [10], ocoGeHHO BHIrOAHA NPH
MHOrouLe/qeBOM HCMO/Nb30BaHHH, KOrJa OJHOBPeMeHHO Tpebyercs H
HH3Kas Temnepatypa /Il KaTKOB H BbicoKasi ajsi 6acceiiHoB. B atoMm

H

TeMJOHACcOCHOH ycTaHoBKH «Sulzer» ¢ raso-
MOTOPHBIM NPHBOAOM.

H - nepeuunan sueprus (raz); M — mexaHuveckan
sHeprHa, E — Tenno W3 okpymawuled cpeaw/ (Bo3-
ayx 5°C); AHe — noTepH Tenaa sa cyeT Tenaonpo-
BOAHOCTH; Afr — noTepH Tenna 3a cyeT BhIXJIONA H
H3INYYEHHA; § — HCMOJAB3OBAHHOE TEMAO OXJAaMJAeHHA
DBHraTens, BBIXJONHBLIX rasoB H NOMHraHwa, Q —
OTAaHHOE NOTpeGHTe 0 Tenao.

-

M
Puc. 6.21. JluarpaMMa NOTOKOB 3HepruH AJs
£
»AHp

q

cayuac 3()@eKTHBHOCTh ra30MOTOPHOTO NMPHBOAA CYLIECTBEHHO Jiyylle,
yeMm y aanektponpusosa. Komnpeccop Moxer pabotaTh npu 6ojiee HH3-
KOM OTHOLIEHHH AaBJEHHH C HCMOJb30BAHHEM TEMJOBOro Hacoca AJis

Puc. 6.22. TasomoTopHH# TenaoBofi Hacoc «Sulzer».

MOJYYeHHs] CPAaBHHTENbHO HH3KHX TeMnepaTyp H JOrpeBoM HeoO6XOoAH-
MO0 KOJIHUECTBA BOABI TOCJe KOHAeHcaTopa COPOCHBIM TErnJoM JBH-
rateasi. Arperat ¢upmbl Sulzer mokasan Ha puc. 6.22, a ero nokasa-
TeJIH AN IeCTH- H BOCHMHIHJIHHAPOBOTO KOMIIPECCOpPOB INpHBEAEHE]
B Taba. 6.5.
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"Tab6auua 6.5 XapaKTepHCTHKH TEIVIOBBX HACOCOB THNA BOAZ — BOAA
€ Fa30MOTOPHBIM NPUBOAOM

Tun KoMnpeccopa 6-110 8-110
Xnagoareni R22 R22
Tennonpon3BOsHTEABHOCTh TEIIOBOrO HA- 279 100 418 680

coca, Bt

X0/1010NPOH3BOAHTENBHOCTD, BT 197 700 300 200
Temneparypa soanl, °C 55 55
['a3oBuIil 1BHraTe Db 800 1200
C6pocHoe Teno Aurartens, Bt 157 700 232 600
Temneparypa ropsaueft soaul, °C 61 o6l
TToaHasd TenoNpoOH3BOAUTENBHOCTb, Bt 436 100 651 280

B »T0il riase paccMaTpHBaJMCh JHIIbL HEMHOTHe NpHMEpPHI MpHMe-
HEeHHS TEIIOBHX HacocoB. Haubosee 3KOHOMHUHBIMH MPEACTABASIOTCS
arperathl /s LEeHTPAJHU30BAHHOTO TEMJOCHAGXEHHs W TeMJIOBbEe Ha-
COCHI J/151 CMOPTHBHBIX KOMIJIEKCOB.

Fnasa 7

NPUMEHEHME TEMNOBBIX HACOCOB
B MPOMbBILIJIEHHOCTH

IlpuMeHenue TeIIOBBIX HAcOCOB B NPOMBIMIJICHHOCTH
peryJasipHO mpejJarajoch yxe B TeueHHe Gojee 30 ner. Hekoroprie
npensoxeHnsl ObIH peasH30BaHbBl HApPSLy € NPYTHMH NIpoOLeccaMH Hc-
NoJIb30BaHHs cOPOCHOrO Telsa H HCHOJb3YIOTC yxKe naBHo. Haubosee
noapo6HO OHM onHcaHbl B KHure [1]. OcraBaBiIHecss COMHEHHSI OTHO-
CHTeNIbHO MacwTaboB NpHMEHEHHs [OCTENeHHO pacceHBaloTcs 6Jaro-
napst 60JbIIOMY YHCJAY TPOMBIULIEHHBIX NPHMEHEHHH cHCTeM C [pHeM-

" JIeMBIM CDPOKOM OKynaemocTH. HexoTopble W3 HHX ONHCAHB HHXKe.
B vactHoctH, B § 7.4 moapob6HO paccMaTpHBaeTcss BLIOOp XJajoareH-
TOB JJisl NPOMBIIIJIEHHbIX TEMJIOBBIX HACOCOB C TEMIlepaTypo#d KOHAeH-

canuu go 120 °C.

7.1. OBNACTH NPUMEHEHMA

Tlon IpHUMEHEHNEM TeNJOBbIX HACOCOB B INPOMBIIIJIEHHOCTH NOApa-
3yMe€BaeTCss U CTAHUHMOHHAA 3HEPreTHKA, U TEXHOJOIHUECKHE NpOoLecchl

MPOU3BOACTBA.
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7.4.1. UCNONL3IOBAHME TENNA CUCTEM OXNAMAEHMS

Umeercss MHOro cdep npuMeHeHHs, Tle IMIaBHOU 3ajayefi TemJaoHa-
COCHOTO LHKJAa siBjsieTcs oxgaxaenune. OueBHIHO, OXHAKO, UTO Jio0bas
cCHCTEMa OXJaXAeHHsl NOJKHa cOpachlBaTbh TENJO KOHIEHcaTopa NpH
TeMmnepartype Bbllie okpyxaiomied. OBbIYHO 3TO TemIo cOpachBaeTcsl B
rpajHpHe HJHM C IIOMOLLbIO BO3AYLIHOrO H BOJASIHOTO OXJaAeHHs. Ero
MOXKHO HCIOJIb30BaTb AJIS1 OTONJIEHHs], NpeiBapUTebHOTO Harpesa BO-
Abl 1 T. I. TlockoJsbKy 3TO Tem/o CpaBHUTENBHO HHU3KOrO NOTEHIHANa,
€ro HCIoJAb30BaHHe OTpaHHYUBaeTcs 00'beKTaMH, HaXOAsIuMucs BOIHU-
31 KOHJAEHCATOpd, TAKHMMH Kak ckaanbl ¥ (habpuyHbie 3naHHsl. 3aMeHA
OOLIYHBIX KOHIEHCATOPOB TAKHMH, KOTODbl€ NPHIOAHBI [AJS BOCCTAHOB-
JIEHHSl TelJa, CPaBHHUTENbHO HEA0pOra, M KaIlHTAaJOBJOKEHHS OBICTPO
okynatorcs. Koaddunnent npeoSpasoBaHust 3/4ech HeNb3ss ONTHMHU3H-
poBaTh IO YCJAOBHAM HarpeBa, MOCKOJbKY OCHOBHOE Ha3Ha4YeHHe YCTa-
HOBKH — oxJaxjaeHue. Ho 310 HecyulecTBeHHO, TaK KaK Harpes MHOJY-
yaeTcst TIPH MaJjblX JIONOJHHTEJbHBIX 3aTparax.

7.1.2. NPOLECCHL] CYLUKM, MCNMAPEHMA M KMNEHUA

B03MOKHOCTH TeNJIOBBIX HAacOCOB B NpOLieccax CyWKH CJlAeAyIollHe.
Hcnapurens norsomlaer Temjo MOTOKA BJIAXKHOTO COPOCHOTO BO3AYXa,
OJHOBpeMeHHO oxJaxjaas ero (puc. 7.1). OxJaxkneHHe BBHI3BIBA€T KOH-
JIeHCALHIO YacTH BJard, 6Jarofaps ueMy BO3AYX OCYHIaeTcd, a 3aTeM
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Puc. 7.1. Cxema Tem1oBOro Hacoca B Puc. 7.2. CxemMa THIHYHOH YCTaHOBKH

CYUIHJIPHOM TIpouecce.

1 — cymiuMbili MaTepuan; 2 — cyxoil BO3AYX;
3 — KOHZeHCATOD; 4 — HCIIApPHTCJb; 55—
cGOPHHK KOHZeHCaTa;, 6 — TeMIoBoil 1acoc;

¢ peKoMIIpeccHel napa.

1 — cripbe; 2 — IPOAYKT; 3 — Hacoc; 4 — BeH-
THAAHOHHBIA BHIGpOC; & — KoHpeucart; 6 —
KOMIIPEeccop ¢ 3JEKTPONPHBOJOM.

7 — BJIaXXHBI{ BO34YX.

HarpeBaercid B KOHJAEHCAaTOpe TelJoBOro Hacoca. CJeiyeT OTMETHTh,
4YTO BO MHOTHX CYIUIHJKaX, OCOGEHHO. AJISi HCHNapeHHs TOJbKO BOIHI,
TEeIJIOBOH HacoC MOXKeT XOpOLIO AOHOJHHTH OOBIYHBIE CHCTEMBl BOCCTa-
HOBJIeHHs] cOPOCHOrO Temsa ra3 — ra3. Kak moka3aHo HHIXKe, 3TC 3KO-
HOMHYECKH ONpPaBAaHO.

B 3THX NPHIOKEHUAX MOMKET GbITh U MHOTO HEOGBIYHBIX THIIOB TEMN-
JIOBBIX HacocoB. sl CYHIHJIOK NpenjolKeH PEeKOMIIPECCHOHHBIH IHUKJ
C HCHNOJIb30BAHHEM II€PErpeToro napa B KayecTBe TENJOHOCHTeJ AJsl
Harpesa. B peasbHON ycTaHOBKe BHIXOASIUMA M3 CYIUIHJAKH BO3AYX pas-
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aeJsiercsl Ha JBa notoka. OfuH NOTOK aAnaGatHO CXKHMAeETCS ¢ NMOBbI-
LIeHHEM JaBJeHus ¥ TeMnepaTypbl. CKpHITasi TEIJIOTA KOHAEHCAUHH MIPH
BHCOKOM [AaBJIEHHH Ilepeiaercss B TelJooOMeHHHKE APYIoMYy MOTOKY.
Harpertsiit u BHCylIeHHBI TakuM 06pa3oM BO3AYX MOXKeT pelUpKyJd-
pOBaTh Yepe3 CYLIHJKY, a MepBHIii MOTOK c6pachiBaeTcss KaK KOHAEHcAT.

ITockoabKy 3a€ech He NMPHMEHSIOTCS CKJIOHHBIE K DAas3JIOXKEHHIO NPH
BHIcOKOH Temmeparype (120°C) xJsagoareHTbl, NOSIBJASETCS BO3MOX-
HOCTb paGOTH NPH OYEHb BHICOKHX TeMmepatypaX. B 1976 r. B Aurinu
coo61anaoch, YTo NpH BbIXOAHOH TeMnepatype 150 °C MoXHO mosyuHTh
KOIT or 3 xo 3,5 npu orHoureHnu AaBaeHnit 4—>5,5 [2]. Oxnako 3zxech
JXe OTMeyaercsi, YTO B HepacyeTHBIX YCJOBHSIX H INIPH YACTHYHOH Ha-
TPY3Ke I0Ka3aTeJH YCTAHOBKH HeyAOBJETBODHTE/bHLL.

B npoueccax ucmapeHHs ¥ IUCTHJJISLHH TPHMeHseTCsl TeNJOBOH
HacoOC TPeTberc THIA, OCHOBAHHBIA Ha MeXaHHYeCKOH peKOMIIpeccHH
napa. B atoMm cayuae Bech MOTOK mapa IPOXOAHT 4Yepes KOMIpeccop, a
3aTeM uepe3 TENMJOOOMEHHHK, HAXOAALIMHACA B COCyAe ¢ Hcmapsroulei-
¢l Kuakoctbio (puc. 7.2). Ero mpuMeHeHHe [ BhINApHHIX MpPOIleccos
o6CcyXKAaeTcsl HECKOJIbKO HHXKe.

7.1.3. BOCCTAHOBNEHME TENJIA CBPOCHbIX MOTOKOB MHAKOCTH

JTo oAHaA W3 TJIaBHBIX obJacrell pacuIMpsIOUIerocss NMpHMeHEHHs
TENJIOBLIX HACOCOB KaK C 3JIEKTPONDHBOAGM KOMIIpeccopa, Tak U € JH-
3e/JbHBIM H Ta30MOTOPHBIM NIPHBOJOM, PAaGOTAIOMIHX IO OOHIYHOMY Tell-
JoHacocHOMY HuKay. O6GJacTH NpHJIOXKeHHA NoKa3aHH Ha TabJ. 7.1,
BOCNMPOHU3BEJEHHOf W3 ONHCAHHS IPOMBILIJIEHHOrO TENJIOBOrO Hacoca
«Templifier» pupmsr Westinghouse. Ilepeuenr nmpousBozacTs, rie ume-
I0TCsl cOpOCHl XKHUIKOCTH ¢ TeMnepatypoi Mexay 10 u 60°C, Beaux.
B ta6a. 7.1 He BkJIIOUEH HATpPeB NMHTATEJLHOHR BOJABI Pa3JHYHBIX KOTJIOB,
IIMPOKO NpUMeHsAeMblil B MpPou3BojAcTBe. BKioueHHoe B TabJaully HpH-
MeHeHHe IJIS CYIUKH, KOHeYHO, TpebyeT MOAH(DHKAHUH KOHJIeHcaTopa H
Hcrmapureds.

B orsMyHe 0T MHOMHMX ra30BHIX BEIOPOCOB, KOTOPblE HMEIOT BEICOKYIO
TEMIEpaTypy, HU3KONOTEHUHAJIbHOE TEIIO HE MOKeT ObITh HCIICJIb30-
BaHO NyTeM IPHMeHeHHs OOBIYHBIX TeNmJI00OMeHHUKOB.

Cpean Tensoo6MEHHHKOB THIIA KHIAKOCTb — XHAKOCTb HauGoJjee
KOMIIaKTHBIMH H 3¢ (}eKTHBHBIMH OKa3aJ/IHCh NJIACTHHYATHIE, ¥ KOTOPHX
Ko3(G@uuuent pereHepauuu pocruraer 909% [3, 4]. Onnako BoccTaHOB-
JIeHHOe B HHX TeIJIO 324acTyl0 HMeeT HEZOCTATOUHO BHICOKYIO TeMIie-
paTypy, Torja Kak BpallaloliHAcs TenJIooOMeHHHK Ha BHICOKOTeMIIe:
paTypHOM CcODOCHOM Tra30BOM IIOTOKe BOCCTaHaBJMBaeT Telno Oes
60JIbIIOrO CHHIKEeHHst TeMmepatyphl. MoxHo HafitH 3¢ dexTHBHBIE 00-
JIACTH COBMECTHOrO IpHMEHEHHS! IVIOCKHX TeNJIOOOMEeHHHKOB H TeIlIo-
BBHIX HAacocoB, rige HX coBMmectHas paGora mnosuuaer KOIT myrem
YMEGHBIUCHHS DA3HOCTH TEMIIEpaTyp HCTOYHHKA M INPHEMHHKA TeIla.
ITpn coBMecTHO#1 paGoTe MOXKHO CHH3HTb pa3Mephl TEIJIOBOTO Hacoca,
HanpasJss 4acTb TellJla Yepe3 TeIJIOOOMEHHHK.

TensioBofi Hacoc THIA KHAKOCTb — KHAKOCTb MOXKHO IPHMEHUTH
st BHICOKOTEMIIepaTypHHIX NPOLEeCCOB, YKa3aHHHX B TabJa. 7.1, aHa-
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JIOTHYHO CHCTeMaM, KpaTko omucalHbiM B 1. 7.1.1. Koraa oasoBpemen-
HO TpeGyIOTCS M OXJaX[eHHe U HarpeBaHHe, CHUXKAeTCsl Harpyska Ha
rpajupHH N0 CPABHEHHIO C Harpy3koH B cxeme, paboTalolllell TOJIbKO Ha
OXJaxJaeHHe, U MOJIe3HO HCNOJB3YIOTCA obe CTOPOHBI TEIJIOBOI'O HACO-
¢a — H KOHACHCATOpHAadA, H UCNIapHTEeJbHaAs.

7.1.4. RPYITUE NPUNTOXKEHHSA

O6aacTi MPUJIOKEHHH CYLIeCTBEHHO 3aBHCAT OT XapakTepa HCTOY-
HHKAa H CTOKa Telja. B NpOMBIJIEHHOCTH — 3TO XOJOAHJBHBIE YCTa-
HOBKH ¢ BOCCTAHOBJIEHHEM TemJa AJs ueJell oronjeHusi, cbGpacbiBae-
MBI BJaXHBH BO3AYX HJH ApyrHe mapel U cOpachiBaeMasi XHIKOCTb.
COpocHble ropsiue rassl XOpoOILO HCNMOJb3YIOTCS ¢ MOMOIUBIO OGHIYHBIX
rennooO6MeHHUKoOB. OfHH NIpuMep Takoro mpuMeHeHus Aaetcst B § 7.5.
Jt1oT ocoOblii cayyall npejcTaBiasieT HHTepec, MOTOMY YTO HCTOYHHK
TelJa H ero NnoTpebHTeJb pasjlefleHbl CYIIECTBEHHHIM pacCTOSHHeEM,
YTO JAeslaeT HCMOJb30BaHHe COPOCHOrO TemJaa 4pe3MepHO JODPOTHM.

Hcrounnku Tenna M3 OKpyxKawolled cpeRsl psla NpOLEccoB
TaKKe MOMKHO HCNOJb30BaTb, OJHAKO, KaK NPaBUJIO, B NPOMBIIIJIEH-
HBIX NpoHeccax MPHMEHsSeTCs TOJbKO TEIJIO IIPH TaKOH TeMmepartype H
B TaKHX KOJHYecTBaxX, YTO pa3MelleHHe HCIapHTeNst B peke, I'PyHTe
HIH [aXKe ¢ HCIOoJb30BaHHEM OKpYIKalolllero BO3lyXa ¢ HHXKeHepHoi
TOYKH 3PDeHHs HeNPaKTHYHO M HesKOHOMHYHO. TpebGyemoe MOBHIILIEHHE
NOTeHLHaJa TellJla CTOJb BEJHKO, YTO IpPH 3TOM JOCTHIKHMO JHLIb
nuskoe 3nayenve KOII. Ilpu ucnonn3oBaHuH XOJOAHJIBLHOH YCTaHOBKH
KakK HCTOYHHMKA Teljla MOXKHO nmpuMuputbcs ¢ HuszkuM KOII, tak kax
OCHOBHHIM Ha3HayeHHeM KOMIIPECCOPDHOro arperata sIBJAseTcsl B 3TOM
caydyae OXJaxJeHHe, H €roc HeJib3sd HENOCPeACTBEHHO CPaBHHBATh C
TENJIOBHIM HacOCOM Ha BO3JyXe WJM NPHPOJHOH BoAe, paboTaOLINM
TOJBKO Ha Harpes.

JBa Apyrux MCTOYHUKA TeIla, KOTODHE paHee ellle He YNOMHHa-
JIUCb, paccMaTpHBAIOTCA Aajee MOAPOOHO: HCIOIb30BAHHE B NMPOMBIII-
JIEHHBIX Tpolleccax reoTepManbHOro Temaa [5] u c6pocHoro TtenJaa
TeILIOBHIX 3JeKTpocTaHuuil [6].

7.2. MICNOJIb3OBAHME TEMNA XONOAMJIIbHbIX YCTAHOBOK

B03MOXKHOCTb HCHOJIL30OBAHHS TENJa OT KOHAEHCATOPOB XOJIOZHJ/b-
HBIX YCTAHOBOK H3BeCTHA YK€ AaBHO ¥ peaju3yercsi BO MHOTHX o6Ja-
ctax. B ra. 5 ynomuHasach cucTeMa ¢ JOMAIIHHM XOJIOAHJbHUKOM HJIS
COXPaHEHHs NHIIEBHIX NpPOJAYKTOB, obecnmeuuBalollas OJHOBPEMEHHO
oromaenue. B ra. 6 paccmatpuBajoch mpuMeHeHHe cGpPOCHOrO TenJa
XOJIOAHALHHKA HCKYCCTBEHHOrO KaTKa AJI Harpesa BOJbl B IJaBa-
TeJbHOM OacceliHe TOro ke CIOPTHBHOrO KoMmiaekca. CosaaBias 3Ty
cucteMy ¢upma Sulzer paspaborajia Takxke OJHH H3 MepBHIX 06pas-
HOB NDOMBIIJIEHHBIX XOJOAHJBHBIX MAalIHH C TOJIE3HBIM HCIOJb30Ba-
HHeM cOpocHoro Temaa. XuMuueckass MPOMBIIJIEHHOCTh YK€ MHOLO
JEeCSTHJICTHI sIBJseTcs KPYIMHOMAacIUTaGHBIM MOTpeOHTesNeM X0J014.
Cospannas B 1977 r. KpynHas XOJIOAHJIbHAS YCTAHOBKA NPOH3BOJHT
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240 T npbga B AeHb H oxsaxnaaet paccoa po —I10°C. Ha ato 3arpaun-
Baetcst 270 kBt u eme 480 kBt nna oxaaxpgenusi Boxsl ¥, OpHOBpE-
MEHHO 3Ta YCTAaHOBKa SBJsSeTCS  TEIVIOBHIM HAcOCOM, JalollHM
2320 kBT tensa a5 HarpeBa Boasl ot 18 1o 72°C [7].

Hpyras o6sacTb NPHMEeHEHHs TeMJIa OT XOJOZHJILHBIX YCTAHOBOK
OTHOCHTCSA K OoXJaxaeHHI0O Momoka. B CIIA B 1952 r. [8] 6sl10 mpo-
H3BeJieHO nepecbopyloBaHHE XOJOIUJIbHON YCTAHOBKH ¢ OOBIYHBIM BO3-
NYIIHHIM OXJaXkKIeHHeM KOHIeHcaTopa [Js ABONHOIO HCIOJb3CBaHHSA:
OXJIaJUTeIsl MOJOKAa M HarpeBares "
BOABI, YTO AaJO 3aMeTHYI 3KOHOMHIO g

MpH 3aMeHe 3J1eKTPHYECKOro Harpena e
0
%
o 8

BOJHI, HCHOJIb3yeMOﬁ B CaHHTApPHBIX

N

nensax. MoaudunupoBaHHas yCTaHOB-
Ka MMeeT KOHJeHCAaTOp BHYTPH TeILIO-
H30JHPOBAaHHOrO BOAsIHOro 6aka, 4YTO
obGecneynBaer Npe/BapHTeNbHEH Ha- , _7}5
rpeB BOAB, MojJaBaeMblii 3aTeM B wl?
oObIYHBIH BOJOHarpeBaresb. TeoperH- s 40 45 57 T,%
HECKH TEINIOBRIE NOTEPH UETHIPEX XO-  pu. 73 3apucumocts  skoHOMHH
JOAHJIBHHKOB Macno6oeH 6 KBT HPH  jpexrposteprnn  or  remmeparypu
CHH2KEHHH TEMIIepaTyphl MOJOKA OT 32 Boaw B Gake c KOHEHCATOPOM Tel-
a0 4,5°C. Ecaun Bce clGpacbiBaeMoe  JIOBOTO Hacoca.

TENJO HCMOJB30BaTh AJS IOJNOrpeBa

BOJBI, TO 32 Kax/Jble CyTKH MOXHO Nmoaorpets npuMepHo 250 s Bogsl
or 16 mo 46 °C ¢ nanpHeHWIHM ee HOrpeBOM 10 HEOOXOAMMBIX 65—
70°C.

YcTaHOBKA — IMPOTOTHI ¢ XJafoareHToM R22 M MOIIHOCTBIO KOMIl-
peccopa 250 BT Bkao4ana BoasiHOH 6Gak BMECTHMOCTbIO 225 J1 ¢ 3Jek-
TPOHarpeBoM H 6ak NOJOBHHHOH BMECTHMOCTH, HarpeBaeMblfi KOHAEH-
CaTOPOM XOJOAWJbHHKA. PesynbTaThl HCOBITAHHH  [IOKa3aHBl Ha
puc. 7.3. B cpexneM 310 nano 3koHOMHIO Gonee ueM 50 % anexkTposHep-
CHH 34 CYET NPEABaPHTEJILHOrO HarpeBa BOJAbl KOHAEGHCATOPOM.

B nuueBoift MpOMBILIEHHOCTH, KaK NPaBHJIO, OJHOBPEMEHHO B O-
Ta6anuma 7.2 Texkylnue 3aTpaThi Ha XOJOAHIbHYIO YCTaHOBKY
npu pasnmnoﬁ TEMNICPATYPE KOHACHCAUHH

Inoromus, %

-
&

CucTeMa ¢ HCIoOJb30OBalineM Tenna

OnbirHas

3aTpaTts, ¢. cT. cnc-roema
35°C 47,5°C 35°C 22,5°C
[ToTpeGnenne 3/eKTPOIHEPTHH 50 000 61 300 46 900 33 300
Hcnoaw3oBanune TenJa 0 —58 400 —55 200 —52 000
Boaa (rpazupun) 5000 500 750 1000
O6cnyxusanue 7500 1300 1300 1300
Hroro (Brox) 62 500 4700 6250 —17 000

* B CCCP B XHMHYeCKOfi NPOMHILVIEHHOCTH DafoTaioT XOJOAH/bHble CTaHIHH,
cojlep¥allye Mo LIecTb TYPGOKOMNPECCOPHBIX arperaToB C 3JEKTPHYECKOH MOLIHOCTBIO
kaxjoro 1500 kBt (Kaauuup U. M., Uupmuu B. JI., Yucrakos ®. M. — «XuMm. u Hed-
temaw», 1975, Ne 9. — ITpum. nep.
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HOM H TOM XKe 3AaHHu TpebyloTcd H HarpeB, H OXJaxIeHHe.
B ta6s. 7.2 npuBeAeHBbl TeKyllue 3aTpaThl Ha OOBLIUHYIO XOJOAHJIBHYIO
YCTAHOBKY C KOXYXOTPYGHBIM KOHAEHCATOPOM H YCTAHOBKY, TAe TemJo
KOHJeHcaTopa I0JIe3HO HCIoJb3yercd. B oOblYHOR ycTaHOBKE OYeHb
CyllecTBEHHBl 3aTpaTthl Ha rpaAupHio. ['pagupru HCOOAB3YIOT AJA
OXJIaXKIeHHs pelUDKYJIUPYIOIlel BOAH, CHHMAWUIeHd cOPOCHOE TEmIo
KOHAeHcaTopa.

Kak BuaHo u3 taba. 7.2, 3atpatsl TeM MeHblle, UeM HHXKe TeMIle-
paTtypa, IIPH KOTODO# HCIOJb3yeTcsi Tel10. JTO aHAJOTHYHO MOBBIlLe-
auio KOIT TensoBoro Hacoca NMpH CHHXXKEHHH Da3HOCTH TeMIepaTtyp
HCapeHHs M KOHAeHcaluH. B nmpHBeleHHOM NpHMepe KamHTaJOBJOXKe-
HHs Ha nepeo6OpyAoOBaHHe YCTAaHOBKH OKYNAlOTCA 3a CPOK MeHee roja.

7.2.1. ®OPMOBAHME NMNACTMACCH

OZHHUM H3 KJacCHYeCKHX IIDHMepPOB HCIOJB30BAHHSA XOJOZHJIBbHOH
YCTAHOBKH SIBJSIETCSI YCTAHOBKa, INpHMeHsieMass npH (ODMOBAHHH
minacr™Maccel Ha ¢abpuke «Link» B Aurauu. TogoBasi 3KOHOMHSI 3Hep-
ruu onexuBaercs B 15000 ¢1. cr. CxemMa yCTaHOBKH IpHBEAeHa Ha
puc. 7.4 [9].

Oxnaxpatoulass Boga OT (OPMOBOYHOM MaIMHBI HENPEPBHIBHO pe-
HHPKYJHPYeT uepe3 TENIOHACOCHYIO YCTaHOBKY, KOTOpasi 3aMeHser
OOBIYHYIO TPaiHpHIO H CHHXKAeT TeMIepaTypy OXJa)KAalolieH BOAH OT
11°C, npu KoTOpHIX OHa MOKMAaeT MaimHy, 10 7,2 °C. Pacxox Boanl
1o 1140 n/mun. IlonyuenHoe Tenso HCMONB3YEeTCS B CHCTEME OTOILIE-
HHsl, cOcTosilel M3 14 ropH3OHTAJBHHIX BO3AYXOHArpeBateled C BeH-
THASATOPaMH. ['IaBHYIO BHIFGAY OT NPUMEHEHUS TEMJIOHACOCHOH CHCTe-
MH gaer 5%-Hoe yMeHblIeHHe BPeMEHH LHKJa U COOTBETCTBYOIEe I10-
BHILIEHHE TPOM3BOJUTENbHOCTH YCTAHOBKH, KOTOpPOe OOYCJIOBJIEHO TeM,
4YTO TENmJIOBOl HACOC NOCTaBJsIET XOJONHYIO BOAY [Jsi MAIIMHBl TIpH
HeoOXoxuMOH HH3KOH TeMmnepaType B TeUeHHe BCEro rojpa, TOTAA Kak
NpU NPHMEHEHHH TPaJHpPHH Heu3bexHHl KoJeGaHHUs TeMOepaTtyphL

Hocruraercs Takxe cyulecTBeHHasi 3KOHOMHS B 3aTpaTax Ha TOI-
JHBO 3a CYeT HCKJIIOUEHHS pacxoja HedTH HJH rasa IJs OTOMJIEHHS
¢abpuxu maomaasio 3160 M2, Korza paboraioT MalluHbI, NOJY4eHHOE
TEIVIO OT ONMHCAHHOIO IpoHecca IJIOC TEeMJ0 KOMIIPECCOPHBIX COCTaB-
aster okoso 325 kBT, uTO 06ecmeunBaeT AOCTaTOYHOE OTOIJIEHHE NPU
caMoii xosnonHoR moroge. HonoJHNTeNbHBIH HarpeB npelycMaTpHBaer-
€A TONBKO JAJS cJydaeB, KOIZa MAUIHHE OTKJAIOYEHBl HJH KOrja OHH

TOJBKO BKJIOYEHHl IOCJTe BHIXOAHBIX AHeHl. B Gak ¢ ropsauedt Bojo#
BMOHTHPOBAHH [Ba 3JieKTpoHarpeBaress mo 1400 kBr, Kotopwe BKka0O-
YalTcs BO BpeMs PeMOHTa MAlIMH ¥ NOAAEPKHBAIOT TEMIIEpaTypy BO-
Jbl, HeOGXOAHMOH AJs1 OTOMJIEHHS.

Jpyroit npuMmep ycTaHOBKM NoaoGHOro THNa — Ha (abpuke maact-
MaccoBbix u3feauit Revell. Drta cucreMa HeCKOJbKO MeHble, ¢ KOM-
npeccopoM MouHocTeio 22 kBT. Ee croumocts 6000 ¢. ct. okynaercs
3a cpok MmeHee rofa. JxkonoMus 1500 ¢. cT. mocturaercs Gaaropaps
npsAMoi peHMpKYJASUHH BOAH, 4TO obecneyuBaeT CHHIXKEHHe ee NOTEPh
W 3aTpaT Ha BONOMOArOTOBKY. Kak M mpeambiiyleM IOpHMepe, OTOIIE-
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HHe fPOM3BOAMTCS Of KOHIeHcaTopa ¢ BOZAYWIHBIM OXJAdXKAEHH-
em [10].

[TpumensieMoe 31ech 060pyROBaHHE — OObLIUHbIE OXJAAHTENH BOAH
I/ POU3BOACTBA NJACTMACC, HO OHH MPHTOAHB JJS HCIIOJB30BaHHA
Tensa BO3AYIUHOrO OXJAaXXIEHHS KOHAeHcaTtopoB. Bosayx mnopaercs
JIBOMHBIMH HEHTPOGEXKHLIMH BEHTHJIATOPAMH, YNpaBJAseMbIMH HE3aBH-
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Puc. 7.4. Biok-cxeMa TemJOBOrO Hacoca AJAS OXJaXAEHHS BOAL H OTONVIEHHS Ha
¢abpuke macTMace.

! — XonoauAbHas YCTaHOBKa, pa6oTaiolllasd KaK TEMIOBOf HacoC; 2 — oXJaxjalouias BoAaa ApH
NOCTORHHOM TeMnepaTtype 75°C; 3 — noaseMHublit 6ak; 4 — GOpPMOBOYHaA MaUIMHA; 5§ — HHAHBHAY-
ajabHOe peryJAHpOBaHHe HarpeBa; 6 — noa ¢aGpHKH; 7 — BEHTHJATOPH; 8 — BHIXOA OXJaaxjaaouieid
BOAB mpH 60 °C.

Puc. 7.5." 3aBHCHMOCTb XOJOJLONPOH3BOAHTENALHOCTH Q OT TeMmepaTyph OXJamjeH-
Hoft Boan T H Bo3ayxa Tz, NOAaBaeMOro Ha KOHAEHCaTOp.

CHMO M pacCYMTaHHBIMH Ha NOJZayy BO3AyXa B KaHaJhbl CHCTEMH BO3-
AyuHoro oromnyeHHsi. OCHOBHBIE XapaKTEPHCTHKH YCTAHOBOK (GHPMBI
Heat — Frig npuBenensl B ta6a. 7.3, a Harpy3oyHble XapaKTepHCTHKH
HauOOJblIeH YCTAHOBKH KakK (YHKIHS TeMIIepaTypsl Ha BXOJAe B KOH-
OEHCATOp H TEMMepaTyphl OXJaXKJAEHHOH BOAbl MOKAa3aHBl Ha pHC. 7.5.

Ta6auma 7.3, XapaKTepHCTHKH OXJaAHuTeNeH BOIH

Mogeanb Xongr)é?lx;g{%g::onﬂ- Tonnas ycraHosae- Macca, Kr
npu 10 °C, kBt Hasi MOW(HOCTH, KBT ’
5HR 21 9 290
6HR 26 11 430
9HR 42 17 520
12HR 52 23 630

3pech caegyeT MOAYEPKHYTb, YTO JIOOOH mpolecc OXJaXKAeHUS HJIH
3aMOpaXKHBAaHHA MOXKHO HCIOJb30BaTh AJs# NOAOTPEBa BOABI HJH BO3-
ayxa. Jis nosydeHuss HEH3MEHHOrO BO BpeMeHH CHabXeHHS TeIIoM
npu NepephiBax B paborTe XOJIOAMJIbHHKA IOJE3HO yCTaHaBJHBaTh Oy-
tbepHBIll 6ak-akKyMYJATOp MeXAY KOHJIEHCaTOPOM H CHCTEeMOH oTon-
Jenns [11].
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Ta6auuma 7.4. Hasnaenue HAcCHIMCHHS Pa3AHyHbiX XJafOAreHTOB NPH HIMEHEHHH
YCAOBHA OT HMU3KOTEMIEPATYPHOIO OXJaXKIAEHHS A0 BHICOKOTEMIEPATYPHOIO TENJOBOrG

Hacoca
TeMmnepaty- -1,
pa, °C Eameﬂ;fﬁalo
N pumenenne E R ’f,’r’é’f{‘;" NMpumeuan e
g Ei( < Hcnape- KOHJEeH-
< = HHsA CallHH
3amopaxkunpanue —40 | 45 R12 0,65 8,6 OGHIYHO  ABYXCTY-
NHLH ( R22 1,07 13,8 MeHYaToe CKATHE
NH,3 0,73 13,8
XpaneHnHe NHIH —20| 3 géi 8’;2 é’g X1ajoareHTH HH3-
R114 0:38 3:0 KOTO JaBJeHHS
R12 1,54 8,6 X
R22 2 50 13.8 Jlag0areHThbl BbICO-
NH, 1,94 13:8 KOro jAaBJjeHHs
—10| 35 R11 0,26 1,5
R21 0,45 2,6
R114 | 0,60 3,0 =
R12 2,24 8,6
R22 3,60 13,8
NH, 2,96 13,8
OxnaxaeHne BOABI 1 35 R11 0,43 1,5
R21 0,75 2,6
R114 0,94 3,0 =
R12 3,26 8,6
R22 5,25 13,8
NH,3 4,56 13,8
1 50 R11 0,43 2,4 Bricokass TeMmnepa-
R21 0,75 4,0 Typa  KOHJeHCa-
R114 0,94 4,6 IHH H3-332 BO3-
RI2 3,26 12,4 JYUIHOTO OXJ/aX-
R22 5,256 20,0 LeHHs KOHJeHca-
NH,; 4,56 20,7 TOpa
TenJsoBoit Hacoc 25 | 70 R11 1,05 42
R21 1,83 6,7 ,
R114 2,18 7.4 —
RI2 6,6 19,4
R22 10,5 30,5
NH, 10,2 35,0
25 | 80 R11 1,05 5,3 —
R21 1,83 8,4
R114 2,18 9,5
RI12 6,6 23,2
25 | 90 R11 1,05 6,7
R21 1,83 11,3
R114 2,18 12,3 -
R12 6,6 29,0
25 | 100 R11 1,05 8,3 CM. Takxe
R21 1,83 14,0 taba. 7.5
RI114 2,18 14,4
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B rta6J. 7.4 npusefeHbl AONOJHUTEJbHBIE NAaHHBE O XJaA0areHrax,
HCIIOJIb3YEMHX B TEMJIOBHIX HAcOCaX H XOJOAHJbHHKAX YIOMSIHYTOIO
npuMeHenus [12].

7.3. NPOUECCHI CYLUKM, BLITAPUBAHMSA M KMNAYEHMSA

B TexHOJOrHYeCKHX IpoueccaXx cyllka H BHMapHBaHHE NPUMEHSIOT-
csl LWIHPOKO, H 34€Ch TEIJIOBOH HAcOC yCHelIHO KOHKYDHDYeT ¢ APYTHMH
cucTeMaMH BoccTaHoBJeHHs Temaa [13]. Huxxe noapo6Ho o6eyxnalior-
csl pasJHYHbBle HHKJIB H IPUMEPHl HX NIPHMEHEHHS.

7.3.1. CYWKA ¥ OBE3BOYXMBAHME

[IpuMeHeHHe TENJIOBHIX HAaCOCOB B IIpOlleCCe CYLIKH 3aMeTHO BO3-
pactaeT, Ha DHIHKe MOABJAITCS MHOIOYHCJIEHHBE YCTaHOBKH, NpejHa-
3HaueHHHe AJA 3TUX Hesaefl. OxHa U3 Jy4YmHXx paGoT MO MPHMeHEHHIO
TeIMJIOBBIX HACOCOB B CYIUHJIBHBIX INpolleccax NpoBegeHa DJeKTpoTex-
HHYeCKHM HCCJIEeIO0BATeJbCKHM HEeHTPOM B AHruuu. OHa nmponoJkaercs
M B Hacrosillee BpeMs. B paGore [14] npoaHanu3HpoBaHO COCTOSIHHE
CYLINJbHOA TOXHOJOTHH M NIOACUHTAHO KOJHYECTBO BOAbI, ylaJsfeMoil B
NPOMBIIJIEHHBIX IIpOLeccaX Ha NMpeANnpHATHAX AHranu. DTH 3HaueHHS
npuBefeHsl B TabJ. 7.5, OHM He BKJIOYAIOT BOLY, YAAJsSEMYI0 B XUMHYe-
CKOH, (apMaleBTHYecKO# H MuUIeBOH NpOMBIILJIeHHOCTH. ['0Z0BOE KO-
JIMYEeCTBO HCIapsieMoil BOAH B Axranu cocrtasasier 20—30 MaHd. T.

s ncnapenus 30 MaH. T TpeGyercs aHeprusa 74-108 T'Ix. C yuerom
obuero KIIJ mpouecca cymku 50% mnoaxoe norpe6/ieHHe 5HEPruy Ha
3TH npoueccH coctaBuT 148-10° I'Ixk.

Ta6anma 7.5. YaajneHue BOAbI NyTeM HCNAPEHHS B MPOMBIHAEHHOCTH

Cpe)lHee JAHIECTBO
Martepuai npl;ﬁl;nggT‘ Bﬁ,‘;’;(”f,‘f;’;f,, I;;a;eHHOﬁ
BO, MJVIH. T D/o BJar#, MJH. T
ByMmara u xocku 4,6 200 9,2
Kupnuun 15,7 15 2,4
Cyxoe MOJIOKO 0,21 500 1,85
CrymeHHOe MOJOKO 0,17 500 0,85
Tunc 3,7 20 0,74
LItyxaTypKa 2,3 45 1,0
TexcTHADb 1,4 30 0.4
Cupbe a5 dapdopa 3,05 10 0,35
MunepabHbe YA06peHHs 4,0 3 0,12
IlpeBecuHa MSIFKHX MOPOA 0,27 45 0,12
JlpeBecuHa TBEPAKX NOPOL 0,24 20 0,05
Kpacurenu 1,0 50 0,05
Qapdoposbie TPYSKH . 0,75 15 0,11
Uepenuua, roHyapHsle H CaHTeXHHYeCKHe
H3Le/MHS 1,0 15 0,15
Hroro 17,4
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Ias 3THX NpOHeccoB aMMHAK HMeeT CJHLUIKOM BBICOKOE NaBJeHHe,
YTO He I03BOJIseT HCNOJb30BATH €ro B TelJoBHIX Hacocax. Ho nasne-
HHe — He eJHHCTBEHHBIH KpHTepHii AJsa Bei6opa pabouero Tteqa. Ko-
JIMYECTBO TelJia, MepeflaBaeMOro XJajo0areHTOM, CHJBHO 3aBHCUT OT
€ro CKpPHITOH TEIJIOTH, 3HaueHHS KOTOPOH IpuBeleHH B Taba. 7.6.

TaG6nauua 7.6. Teoperuueckue XapaKTPHCTHKH XJAaJ0AreHTOB
NPH TEMNEPATYPHBIX YCIOBHAX TEMJIOBHIX HACOCOB

XaanoareHt
X
FpaxTepucThXa i | oar | ons | e | 12 [sine] 1273
Jasaerne ucnapeuus, kH/m2 220 385 103 425 | 1190 | 758 ] 1200

Hapijenne Koupencauun, kH/m2 | 1000 | 1610 560 | 1700 | 3950 | 2920 | 4140
KpHuruyeckast temnepatypa, °C 198 | 178 214 146 | 112 ] 142 | 118
OTHOlLIeHHe AaBAeHHI 4,45 4,2 5,31 3,95/3,35]|3,86| 3,4
yl(Seén:éblﬁ obbeMm, M3fxkr, mnpu|0,0801]0,0619|0,1298]0,0320/0,0146{0,0324/0,0170

Maccosuiit pacxogs, Kr/c 0,088 {0,126 | 0,060 | 0,245 {0,530 {0,242 | 0,450
YucTwit XoJoAHAbEHR sddekT, ; 114,5 [145,5 | 86.4 | 48,5 | 36,6 |118,8 | 65,0

kJIx/xr 27,91 35,0 | 25,61 18,61 18,6 35,0 25,6
Tennora cxarus, xJx/kr 13,91 22,81 6,76 | 13,0 | 28,3 ] 37,6 | 41,7

Koadduruuent npeo6pasosanus | 5,1 6,2 { 43| 3,5 2,9 |4,48] 3,55

Hcnapurens 50 °C
Kosaencatop 110 °C }Teopemqecxuﬂ o6 beMHBIT pacxon KoMmmpeccopa 28,32 m3fa.

XonoaHAbHBIA 3¢ deKT NoayueH BBIYHTAHHEM 3HTAJbAHH XJafoareHTa NPH TeMOepaType XJa-
JoareHTa M3 SHTAJAbIUHK NEPErpeTOTo Napa, BXOAALLEro B KOMNPECCOp ADH TeMnepaType HCHape-
HHA. TenaoTa KOMNPeCCHM — 3TO Pa3HOCTL MeXAY 3HTajAbNuell napa IloC/ie KoMOopeccopa H  J0
HETro B OPEANONOMEHHH H30IHTPONHYECKOTO CXKaTHA.

YneapHblll 06beM ompenensieT pasMephl KoMmmpeccopa. Kpuruueckoe
JlaBJleHHe H TeMIeparypa ONpPeAeNsiOT NpelesbHble YCJIOBHS, BHE KO-
TOPHX pabouee Teso yxe He MoxeT OBITH Hcmoab3oBauo. Kpome Toro,
BaXXHBHIM (AaKTOPOM SIBJISIETCS DAaCTBOPHMOCTb XJAJOareHTa B CMa3ouy-
HOM MacJe.

Hapsiny ¢ ymoMmstHyTsIMH cBoifcTBaMu cleayeT NMpHHMMaTh BO BHH-
MaHHe TaKXKe H CTOMMOCTb, XOTS BHOOp XJIaJ0areHTOB HA PbIHKE A0CTa-
TOYHO BEJIHK H KOHKYDEHUHMS YAep:KHBaeT LeHbl B pPa3yMHBIX Mpeje-
Jax. Kpome Toro, notepu x/agoareHTa LOJXKHB GHITh MHHMUMAJbHHMH,
XOTA AJs1 GOJBUIMX CHCTEM OHU He COCTABJAIOT 3HAUYHTEJNbHOH HOJH
‘KallHTaJbHBIX HJIH TEKYUIHX 3aTpar.

KIIJ o6blyHOil KOHBEKTHBHON CYIIMJKH (pHc. 7.6) 3aBHCHT OT CTe-
NeHH PELHPKYASUKH BO3YyXa H OMHCHBaeTcs GPopMyJIol

n=(Te—T3) [ [(Te—Ts)+(1—W) (Ts—T1)],

rae T} — TeMnepaTypa OKpyxkawoulero Bosayxa; T, — Temmepartypa
BO3/lyXa Ha BXOJe B CYLIHJbHYIO KaMepy; I's — TeMnepatypa c6pocHo-
ro Bosayxa; W — oTHomeHHe pacxoja PeHHPKYJ/SHHOHHOrO BO3lyXa K
TNIOJIHOMY pacxony.



Tunnynas 3asucumocts KI1J cymuaku or W nokasana Ha puc .7.7.
B o6runoil cymnaxe HeBosMoxHa 100%-Hasi pemupkyJsiuusi, Tak Kak
MOBHIIIEHHE BJAXKHOCTH BO3AYXa OBICTPO JHKBHIHDYET €ro CyIIHJb-
Hy10 cnocobHocTh. OfHAKO TENNOBOH HACOC MOXKET OHTh 3¢ (eKTHBHO

4
48
//
0,6 7
L
04
0 0% 58 W

Puc. 7.6. O6nlyHas cyumuaka, He- Puc. 7.7. BaHsnue peuupkyJs-
HOAb3yIollasi YaCTHYHYIO PeiHp- urH W na KIIJ o6eiynHoft cy-
KYJSILHIO. WHJAKH,

1 — BEeHTHJAATOp; 2 — HarpeBarteab;
3 — cymHabHas Kamepa; 4 — BbiGpoc.

IIpHMEHEH B CYUIHJKaX KaK CPeJACTBO yIaJeHHUs BJaru U3 Buﬁpacuaae-
€MOr'c BO34yXa, TaK YTO OH MOXKET HANpaBJATbCSA HA PEUHPKYAALHIO B
3HAUHTEJAbHO OOJIBIIHX KOJHYEeCTBaX. D10 OHAO IOKA3aHO TaKXKe B
rJ1. 5 IIpH ONMHCAHHH AOMAIIHUX CYLIHJIOK.
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Puc. 7.8. TensoHacocHas cymmJKa. Puc. 7.9. Yianeune BJaru ¢ no-
I — BRaXHBIA BO3AYX; 2 — CYXOjft BO3AYyX; MOIUbIQ TEIJIOBOTO Hacoca.
3 ~— KoHeHcaTop; 4 — BeHTHARTOP; 5 — Tk, Tuen — TeMOepaTypsl KOHICHCALHH H
KOMIl‘DeCCOP; 6 — Apoccenp; 7 — HCNIapH- HCNAPEHHUSR,; d — aGcoqotTuas BJ/1a>XKHOCTh,
Tedb; B — KOHACHCAT. KT/KT; @ ~— OTHOCHTCJbHAR BAaXHOCTH.

ITponecc  06Ge3BoXKHMBaHHS € TOMOIIBIO  TEMJIOBOrO  Hacoca
(puc. 7.8) MoXKHO H306pasHTh Ha IICHXPOMETPDHUYECKOR JuarpaMme
puc. 7.9. Yxonsuluii Bo3ayX, KOTODhIH HYXHO OCYIIHThb, IPOXOAHMT He-
pe3 HCHapHTeJb TEMJOBOrO Hacoca M Oxsaxpaaercs (mpouecc /, 2 Ha
puc. 7.9). B pesysapraTe OXJaxKAeHHs YacTb BJArd KOHJAGHCHPYETCH H
BHTEKAeT 4yepe3 APeHaxK. PelHPKYyAHDYIOLIHH BO3AYX MOCTYNAeT 3aTeM
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B 'KOH/JEHCATOp M HarpeBaeTcCsl 3a CHET HCIOMb30BaHHUsS SIBHOM H CKpbI-
TOH TENJIOTH, BOCIPHHSITOH HCIIapHTeJeM, M Telja, 3KBHBaJeHTHOro
pabote cxKartHsl.

KITH cucreMbl noayHHsieTcsl OGHYHBIM 3aKOHAM TENJIOBBIX HACOCOB,
KOII 3aBHcHT OT pa3HOCTH TeMMNEpaTyp HCMApeHHs H KOHAEHCaIHu.
CHixeHHe Da3HOCTH TeMMepaTyp OGBIYHO AOCTHraeTcss B CYIIHJKAX ¢
KaMepoil cMellleHHsl, TAe NPH YCJAOBHSX, COOTBETCTBYIOUIHX TOUKe J
puc. 7.9, oxJa)KAEHHBIH BO3AYX C HACHILIEHHBIM MapOM CMELIHBAETCs C
HeOXJIaXXJeHHbIM TMepel BXOAOM B KOHIEHCATOp.

XapaKTepHCTHKH TeMJOBBIX HAacOCOB B CYLIMJIKAX 3auYacTyl0 H30-

~ 6paXaloT B HX 3aBHCHMOCTH OT CTelleHH yJaJeHHs BJarH, HMeIleH
pasmepHoctb Kr/(gkBt-u). Ha puc. 7.10

o / / [ ) noxasaHo BausHue moBbimeHHA TeMle-
70 71 paTypel H BJAXHOCTH Ha CTeNeHb yaa-
40 /| nennss Braru. OHa Bospacraer mo Mepe

/ / / / | TNOBBILEHHS TeMNEepaTyphl H BJAXKHOCTH.

50 / / Huxe naHbl mpuMmepsbl, rae creneHb yna-

g\‘/ S/ & $ JeHus BJjard cocrasisier 2,5 kr/(kBt-u4).

“ “‘Q/f‘ / / TakKe DOJKHBl BCKOpPe MOSBUTbCA YCTa-
30 HOBKH 11pu 3 Kr/(kBT-u).

g 7 Z 3 Ilpu comocraB/JeHHH pa3JHYHBIX CY-

Cmenens gozatnun La2eu,ar/(F0T4)  y1unok co  cTENMEHbIO YAAJEHHs BAArH
Puc. 7.10. 3aBucHMOCTh cTeneHun 3 KI‘/(KBT'H) oKasaJjochb, YTo AJS NOJy-
YAATCHHR BJAATH B CYWIWAKE OT  yeyyg papHOrQ C TEMJIOHACOCHBIMH CY-
OTHOCHTEJBbHOH BJIAXXHOCTH H
TeMnepaTyphi CcywHibHoro aren- UHIKAaMH TNOTPeGJIEHHs] SHEPLHH B CJay-
Ta. yae naposoro HarpeBanus KIIJI pomxen

ObiTh 58%, a B cayyae OrHeBOro Harpe-
Ba — 75%. ®daxruueckue sHaueHus KI1JI 3THX CylIH/IOK HHXKe, TAK 4TO
TEMJIOBOH HacoC MOXET 1aThb 3KOHOMHIO TOIJIHBA.

Kak ynoMuHaJsoch B § 7.3, B CYIIHJIKaX MOMKHO NPHMEHSTb U OObIY-
Hbl€ CHCTeMBl BOCCTaHOBJeHHs1 Temja. OHH MOTYT HrpaTh H poJib 0be3-
BOXKHBaWOWHX ycTpofictB. Onpesgesenne ONTHMAJNbHOH NOJH TeIJIOHA-
COCHBIX H OOBIYHBIX CHCTEM BOCCTAHOBJICHHSI TellJla MOXHO DEeKOMeH[O-
BaTb B KayecTBe MOJIE3HOTO Y paKHEeHHS.

OnHuM H3 nepBbIX NMpPHMEHEHHH TEMJIOBOro Hacoca A/ 06e3BOXKH-
BaHHMs Oblna paborta ¢upwmbl: Sulzer [7] — ofe3BoxuBaHHe NOA3EM-
HBIX moJsocrefl B [epMannu B 1943 r. Tensiota KoHzeHcauuu BOASHOTO
napa U3 BO3AyXa HCI0Jb30BaJjgach JJs MOLOrPeBa BXOMASILIErO CBEXKETO
Bo3ayxa. JIpyrodi mnpuMep — 3epHoBasi CyLIHJKa, pa3paboTaHHas B
CHIA B 1950 r. [15]. ITpumeneHse TemjoBOro Hacoca NMO3BOJHJIO YII-
PaBJsATb OTHOCHTE/JBbHOH BJIaXKHOCTBIO M TeMIepaTypofl Bo3xyxa, 4TO
BaXHO A/ MHOTHX CYIIHJIBHBIX YCTPO#HCTB. DKCIepHMeHTaJbHAsl 3ep-
HOBas cylIMJKa Oblia uarorosJjeHa (puc. 7.11) u ucnbiTaHa B pasauy-
HBIX YCJIOBHSIX, 4TO IIO3BOJIHJIO NPOBEPHTb TEOPETHYECKHE HCCJIeN0Ba-
Hus, npoBefeHHble B 1949 r. [16]. ITyowane noJa 3epHoBOro 6yHkepa
cocrasasna oxkono 1,3 M2 TenJoBoil Hacoc ¢ 3JeKTPONPHBOAOM MOLIL-
HocTbio 570 BT comepxkan xsaapoarenr RI12. Llupkyasuust Bosgyxa
obecAeynBasach UEHTPOGEKHBIM BEHTHAATOPOM MolHocTbio 380 Br.
Boasinoit oxsaxcaaiomuii KOHTYD CayXKHJ AJIs PEryJHpoOBaHHs TeMIe:
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patypnt cytku. B sccitepoBatinsix nepemenubiMu Gblin TeMmiieparypa
Bosgyxa (43—54°C) u ero pacxon (550—2000 m3/uy). HcnmitaHHs
NpeKpaulaJuch NMpH AOCTHXKEHHH BJaxHocTH 3epHa 129 . OxasaJoch,
4yto morpebseHue sHepruu (KBT-u/kr) Bjard oueHb XOpOIIO COrMaco-
BaJIOCh ¢ TEOPETHYECKHMH 3HAYCHHSIMH, NMOJYYEHHBIMH B HCCJAELOBAHHK-

L IMHAIAL
™

Puc. 7.11. DkcnepumenTanbHas TeNNOHACOCHAS CYWIHJKA 3epHa, HembitanHas B CLIA
B 1950 r.

A — snexTpoapuratens; B — xomnpeccop; € — KoHAeHcarop; D — ucnaputeas; E — BeHTHaSTOD,
F — psuratenb BeHTHaAsATOpa; G — BOASHON TEeMJIOOGMEHHHK; | — TDH TEPMONapLl ¢ OCPeIHEeHHeM
Nokasateself; 2 — deThipe TepMONapH; 3 — BAaXHb§ M CyXofl cmafi TepMonapbi; 4 — H3MEPHTENb
BIaXXHOCTH, 5 — TepMONapHb HaTYHK; 6 — YeThlpe TEPMONApHI C OCpeXHEHHEM, 7 — HU3MEPHTCNL
pacxoza.

six 1949 r. MunuMy™m 3atpar cooTBercTBoBaa pacxony 800—1000 m3/u.
3atpathl snepruu 0,28 kBt-u/kr npu 54 °C, DTy 3HAUCHHS CBHAETEb-
cTBYIOT o BeIcOKOM 3Hauenun KOII remmoBoro macoca mo cpasHenHio
C COBpEMEHHHIMH ycTaHOBKaMH. B pafore oTMeuasoch, 4TO riaBHBI
HEJOCTATOK CHCTEeMBbl — JOMOJNHHUTEJNbHBIE KalluTaJoBJAOKeHHus. [loax-
Hee OBLIO TOKa3aHo, 4YTO 3TH J06aBoY-
Hble KalMTaJIOBJOXKEHHs] OKyMNaloTcs 3a
HECKOJIbKO MECSIHEB. . -— 82
OnHuM H3 NepBBIX NPHUMEHEHUH Tell- - Py
JIOBOI'O Hacoca HJsl CyLIHJbHBIX Uesell B
KOMMEpUYecKoM Maciitabe ¢ TOHKHM pe- \
C N

TyJHpOBaHHEM TeMNepaTyphl H BJAXKHO-
CTH fIBJSETCS CylIKa JpeBecHHbL [THo-
HepoM 3jgech 6blia pHpma Westair, BHI- \
nyckasuiass ob6opyJoBaHHE B TeUeHHe
10 ser. OKoso THICAYH ee yCTAHOBOK pa-
6oTaioT BO BceM MHpe. THIHYHAS yCTA- pyue 712, CxeMa Temaonacoc-
HOBKa MoKasaHa Ha pHc. 7.12. OHa pa- ol cymMAKH AAS XOCOK.
6otaer TaK, KakK 3TO OblJIO OMHUCAHO pﬁ’- 1 — noCKH; 2 — BeHTHASATOP;, 3 —
06e3BOKHBATEN b,

Hee, ¢ TeM OTJHYHEM, 4TO BO3JAyX oOny-
BaeT 3JeKTpoobopyaoBaHHe, 4TO YJyd-
H1aeT HCHOJMb30OBaHHe Temsa U obecrneyHBaeT OXJaxKJeHHe MOTOpa BeH-
THaATOpa. [lepen Bo3BpaleHHeM B CYLIHJIbHYI) Kamepy BO3ZyX Harpe-
Baercs B temnooOMeHHHKe. Ha puc. 7.13 nokasannl oOuiuii Buj ycra-
HOBKH H €¢ OCHOBHbI€ KOMITOHEHTHI.

YcTaHOBKA COZEPKHMT AATYHKH BJAAXKHOCTH H TeMmIlepaTyphl, KOTO-
pbiC YIPaBJSIIOT BKJIOUEHHEM XOJIOAHJbHUKA H HarpeBaTesss B 3aBHCH-
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Pue. 7.13. Arperat «Westair» B cywmnake ana gocok B HoprymGepsenge (a), ero

I — TennooGMeHHHK; 2 — CEKI|HA HCNApHTeNd; J — CEKIHA KOHAeHcaTOpa; 4 — NMOTOK XJAajoareHTa;
HbIt GHALTP; 9 — NMOMMOH ANSA ApPeHaMa.

MOCTH OT CBOWCTB BBHICylIHBaeMoro Marepuana. [lepuoauueckast Hanas-
Ka YIpaBJeHHsi B MPOLecce CYWKH ONpeleseTcss CONepKaHHeM BJIary.
B psize cayyaeB 3Ta HaJagKa OKasbBaeTCs H3JHIUHEH BO BCeM Ipolec-
Cce CYIUKH.

[TapameTpsl CyWIKH MPOBEPSIIOTCS BPAlAIOUMMCS THTPOMETPOM HJIH
3amuchiBaloTcsi Ha Tepmorurporpade. Comepixanue BJarH B ApeBecHHe
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OCHOBHLe KoMnoHeHTH (6) m TensoBoft Hacoc «Westair — D200» (s).
5 — pacwHpHTeAbHoe YcTpoRcTBO; 6§ — KOMOpeccop; 7 — BeHTHAATOP ¢ JABHratefeM; § — CYWHAb-

KOHTPOJMIMPYETCSt B TEYEeHHE BCEro Mpolecca Ha CMelHaJbHO 3aJl0XeH-
HoM oGpasue. [IpH HocTHXKeHHH HEOOXOZMMHIX 3HAYEHHH B TeyeHHe
HEKOTOPOro BPEMEHH Mepell BHIEMKOH ApeBeCHHBl H3 KaMephl ee BhAep-
JKHBAIOT B YCJIOBHSX PaBHOBECHS.

CaMa KaMepa M3roTOBJieHa H3 OGBIYHBIX CTPOMTEJbHBIX MaTepua-
JIOB — JipeBECHHbl, KHpnHua HJH GeToHa. [lasi Hee TaKxkKe MOXKHO HC-
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N6AB30BaTH CyLI€CTBYIOIIHE 3TaHHUS. Hueo6xomumo Jniub, 4To6B OHA
6bl1a BO3MOXKHO JlyYllle H30IMPOBAaHA H YIJOTHEHAa IJs NpeXOoTBpalle-
HHS yTeuek Bo3nyxa. [los u ppyrue BHYTpeHHHe NMOBEPXHOCTH LOJKHBI
6bITh BOLOCTOHKHMH BO H30eXKaHHe HAKOILJIEHUs BJaru. 310 Jerko Jo-
CTHraeTcst GUTYMHBIMH MOKDBITHSIMHM, a AJS CTeH M MOTOJKA — JOCKA-
MH C IJIaCTMACCOBBIM IIOKPBITHEM.

B monoJHeHHe K BEHTHJIATODY, BXOAsAIIeMYy B ycraHoBKY «Westairs,
HeOOXOAHMO YCTAHOBHTb BEHTHJIATOD AJSI LMPKYJISHHH BO3LYyXa BHYTDH
KaMephl.

IIpousBoauTeIbHOCTD CYLIMJBHOH YCTAHOBKH olpejessieTcsl cXeMoi
H KOHCTpyKuue#d kamephl. ITorpeburtenp coobiiaer chaeaywolune QaH-
Hble: 1) copT BhHICylIHBaeMOH ApeBeCHHbI; 2) HayaJbHYI0O U KOHEUHYIO
BJIa3KHOCTb; 3) KOJHUECTBO BHICYIINBAEMOH JpeBECHHBl 3a HEAEJIO
HJIH Mecsil; 4) pasMepHl JOCOK.

OcHoBboIBasich Ha 3T0#l uHbopMauuu, GUpMa-NIPOH3BOAHTENDL COBe-
TYeT, KaK CKOHCTPYHPOBaTb KaMepy, H peKOMeHAyeT MOAXOASILYIO MO-
JleJb H3 CBOHX YCTAHOBOK.

KoreuHo oneHuTb 3arpathl 6e3 AeTasbHOH NpopaGoTKH TPYAHO, TaK
KaK OHH 3aBHCAT OT MHOTHX (axTopoB. [l KOMIJIEKTHOH YCTaHOBKH
BHNycka 1974 r. cpeiHHe KaINHTaJIOBJIOKEHHsI, pacHpefeseHHble Ha
nepsele 5 JeT, oueHeHbl OKOJO 7 ¢. cT./M® BHCYLIEHHOR 1pPeBECHHBI.
Tekyluue 3aTpaThl TakKe 3aBHCAT OT MHOTHX H3MEHSIOIHXCA (pakTo-
poB. IIpu cpenHefi CTOMMOCTH 3JIeKTPO3HEPTHH 3a YNOMSHYTHIH 5-set-
HUIl TepHOX OHH cocTaBHJIH 2,5 . cT./M3.

MoxXHO OXHAaThb CYyLleCTBEHHO GOJIbILIETO pecypca yCTaHOBOK
«Westair». onble Bcero paboraiouiast ycraHoBka B Hopseruu aaBho
npeogonenia 10-netHuit pybex 6e3 KamuTaJbHOTO peMOHTa NMPH OBBIY-
HOM 06CJYKYBaHHH. '

JIpyruM npHMeHeHHeM, peaJIM30BaHHBIM B GoJjiee MO3AHEe BpeMsd,
SIBJIsIeTCA CyLIKa KepaMHKH. B kauecTBe TUIIMYHOTO MpHMEpa MOXKHO
npuBecTH ycraHOBKY Ha (abpuke Portacel B Kente, BHOycKawmymo
KepaMuyeckde (PpUABTPH JJS OUHCTKH BOABL. 3Aech TpefyeTcsl TIIaTeNb-
HBI KOHTPOJIb 32 TEXHOJIOTHUECKHM MPOLECCOM, H TeMJIOHACOCHAs CH-
cTeMa HO3BOJIMJIA MOBBICHTb KAYeCTBO MPOAYKUHH U TPOH3BOAUTENb-
HOCTh.

KepaMuueckne 3JeMeHTH Hape3alOTCsl H3 CIJIOIIHON LHJIHHApDHYE-
cKofi TpyOH, modydyaeMol 3KCTpy3uell, Npu [JHHe OTpe3koB 125
250 MM. DTH 3JIeMeHTH TOACYIUHBAIOT Nepen OGKHUIOM B CTPOTO Ofpe-
HeJleHHBIX ycioBusx. [locie mosnHo#t c6opKH M HCIBITAHHSI B BOZE Tpe-
“6yercst MOBTOpHAA CywmKa. YcTaHOBKY «Westairs mpumensiior ajs cyu-
KH QHILTPOB Nepes 06KUIOM M TOCJe HCIBITaHUH,

Panbpuie cymia nepei oOKHrOM MpPOBOJHJIACH B KaMepe AJHHON
15, mupuHo# 6 u Boicoroit 2,5 M. [opsiunit Bo3ayx mocTymnaJg oT ra3oBoro
HarpeBarteJsi TemjaoBoft MomHoctblo 545 MJIxk/4u, Cyumka QgHeBHOH
npoayknuu — 2000 geraseli o6biuHO 3aHMMaJsa 72 4 W MpeAcTaBJsisa
y3Koe MecTo B npousBoactBe. HoBas cymnnbHasi KaMepa HMeeT pas-
MepH 9X4X2,5 M. ¥ Hee GeTOHHBIH 1IOJ B CTE€HBl H3 JErKux GJOKOB.
H3HyTpH CTeHBl MOKPLITHl TEIJIOH30JSUHEHd H3 CTEKJOBOJOKHA TOJIIA-
HO#l 75 MM. Orpaxzenue, cTofixoe K BO3LeHCTBHIQ Mapa, BHIIOJHEHO H3
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cynoBoii ¢aHephl, KpalleHHOH aJlOMHHHeBOH Kpackoil. B kamepe nox-
nepxuBaetrcsi temneparypa 49 °C, u gHesHo# BhImyck — 2000 geraneit
npoxogut cywky 3a 24 4. Ilpu cymke Oosee AJHHHBIX (HILTPOB
(250 MM) 3a cywuapHHIA HUKA yAaasgeTcs okoqo 900 kr soxnl. Mcenbi-
TaHUsl NOKa3aJju, 4YTO NPH HeOOXOZHUMOCTH BpeMsl CYUIKH MOXKHO CHH-
34TH 0 15 4.

Pasmepn kaMepbl HeCKOJBKO NpeBHIIAIOT HEOGXOJAHMEBIE, YacTh ee
oTaeseHa mutoM. OHa obopyroBaHa JByMs ycraHoBkaMu «Westair» ¢
MOIIHOCTBIO KoMmpeccopa 8,5 kBT u asJsekTponarpesatesieM Ha 9 kBT
[JIsl MOBHILIEHHs TEMIEpaTyphl cpa3y Tnocje BKIouYeHUus. KpoMe ymoMsi-
HYTHIX TMoTpe6HTes el SHEPTHH HMEETCSl TONBKO 3JEKTPOMOTOP IOTOJOY-
HOTO BEHTHJIsITOpa, 00ecneyuBaIOIero penupKy IALHI0 BO3AyXa.

Has Boimycka 3000 gerasiefi B geHp duUpMa IJaHUDYeT YAAJHUTh
BDeMeHHBIl LT B KaMepe H CMOHTHPOBATb TPeThIO ycTaHOBKY. [lo-
MHMO CHHXKe€HHUS BTpoe — ¢ 72 10 24 u BpeMeHM CYIIKH HOBasl cXeMa
zaet 6oJiee paBHOMepPHOe colepiKaHue BJiard. [Ipu crapoii cucreMe teM-
nepatypa CYLIeCTBEHHO H3MeHsJach, OT 4ero BJara pacrpegensjach
HepaBHOMEpHO M dacTb AeTaJsell mpu obxure paspyuwianacs, HoBas cu-
cTeMa HCKJIOUMJa BapHallud TeMIeparyphl ¥ CHHU3HJA MOTEePH OT
6paka.

[Tocne ucnbiTanus B BOJE KepaMHUecKde Heranu cyiiaTt npu 6ogee
HU3KOH TeMnepatype — 32 °C, uTo6H He HapyllaTh aAre3nio MOKPHITHSA.
Panblle 3T0T mpouecc mpoBOAHJCS B KaMepe, HarpeBaeMo#l rasoBBIM
nogorpenateseM Ha 29 kBT mioc TpeThsi HacThb MOIMHOCTH He(TSIHOrO
nogorpesatesss Ha 73 kBT, KOTOpHIN BKJWOYAJH NpH NOBHILIEHHH BHI-
nycka NpoaykKuuy. Temepp CylLIKY NMpoU3BOASIT B HOBOH KaMepe, o60py-
JoBaHHOH TaKo# e ycraHOBKOH «Westair».

CroumocTb 3Hepruy, morpebaseMoil 060MMH CYLIMJBHBIMH IpoLec-
CaMH npy ra3oBoM H HedTAHOM moporpese, okoJo 6500 ¢. cr./ rox. dtu
3aTpaTH CHHXKaWTCH nmpuMepHo A0 3000 ¢. cr1./rox npu npHMeHEeHHH
HOBOH 3JIeKTpHYecKOH TensoHacocHofl cywky. IIpy cTOHMOCTH yCTaHOB-
k1 oxoJo 10000 ¢. cr./ roa, rogosast skoHoMmust 3500 ¢. ct. o6ecneyn-
BaeT CPOK okKynmaeMocTH MeHee 3 JeT. [Ans ¢upMH He MeHee BaXKHBI
yJyyllleHH#e TeXHOJOTHYECKOTO PHTMa H IPOCTOTa yBeJHYEHHsS MOULHO-
CTH CYUIHJKH Npd MJAHHPYEMOM YBeJHYEHHH BHINYCKa NPOLYKUHH.
CHHKeHHe BpeMeHH CYLUIKH YCTPaHHJIO Y3Koe MecTO B IPOHU3BOACTBE.
[ToBHlllIeHHe PABHOMEPHOCTH paclpelfeseHHsl BJaru MOBBLICHJIO KayecT-
BO MPOAYKUHUH U cHU3uJN0 6pak. Kpome Toro, takoft Merosn o6e3BOXKH-
BaHHUsI aBTOMAaTHYeCKM CHalXaeT [JUCTHJJIHDOBAHHOA BOIOH JApyrue
TeXHOJIOTHYeCKHe TPOLEeCcCH NPOU3BOACTBA, 4TO AaeT (pHpMe 3KOHOMHIO
100—500 ¢. cr./rox.

Pemenne ¢upMB NMpPUMEHHUTb ONHCAHHYIO 3JIEKTPHYECKYIO CYLIKY
NpUBEJO K MOBHIIEHHI 3(P(PEKTUBHOCTH HCHOJB30BAHHA NPOU3BOICT-
BEHHBIX NOMellleHufi, pabouefl CHJIB, 3HeprHH M MaTepHaJOB, HHAUe
roBOpS, BCEX PECYPCOB, HCMOJb3YEMBIX B TEXHOJOTHH.

Brille npuBeneHBl TONBKO ABa NpUMepa NMPHMEHEHHs TeNJIOBHIX Ha-
COCOB AJIS1 00€3BOXKHBAHUSA ¥ CYWIKH. YucJIO MpUMEepOB MOXKHO MPOXOJ-
JKUTh: CIOAa OTHOCSTCH MHlleBasi u (apMaleBTHIECKAs] MPOMBILIIEH-
HOCTb, @ TaKKe MPOH3BOACTBO KePaMHKH H Kupnnya. TensioBHe HacocHl
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C UeJbI0 OCYIIeHHsI HauyasJd NMPHUMeHTb M Ha 3JekTpocraHuusax. as
noaaepxauusi 0OMOTKH T'€HEDAaTOPOB B CYXOM COCTOSIHHH, KOTZa reHe-
patop He paloTaer, paHee NpPHMEHSJAach UUPKYJSLHA OKDYKaKOUIETO
BO34yXa, Harperoro B aJjekrpokaiaoputdepe. Temepr aas 3tofl ueau
HCITOJb3YIOT HeGOJBIION TEMJOBOH HacoC C CyUlecTBEHHOH 3KOHOMHeEH
sHepruu. IIpuMeHnenue TemyaoBoro Hacoca AJs CYWIKH 6YMa>KHOH JIEHTH
Ha ycTaHoBKe ctouMocteio 1500 ¢. cr./rox naer okosio 4500 ¢. cr1. ro-
I0BOH 3KOHOMHH. HccienyeTcss BO3MOXHOCTb OJHOBPEMEHHOTO HCHOJIb-
30BAHHUS BO3AYIIHBIX KOMIIPECCOPOB M AJS OXJaXJIeHUsl, U AJS CYILIKH.
Paspaéan)ma}o'rcs{ METOAL MOBBIILIEHHA TEeMNEpPaTyphl KOHJEHCAIHH

Brire 100°C, uto pacmupsaer cdepy NpHJO-

7 JKEeHHSI TeIJIOBBIX HAaCOCOB.

Has cymky noMHMo oOGBIYHBIX XJajoareH-

¥ TOB, XapaKTepPHBIX M5 XOJOZHJIBHBIX YCTaHO-

? BOK, NIPHMEHSIOT W HeoOBIYHbIC; HeAABHO BO
J ®panunn [17] npeasnoxkeH MapoKOMIpPeCCHOH-

——-‘ HBIfl LHUKJ Ha BOZE, €ro CxeMa MOKa3aHa Ha
] , #Y puc. 7.14. BoasiHoii nap npu atrmochepHOM
g Sl JdaBJeHHH OTCachiBaeTcss HaA BJAXKHBIM IPO-
Puc. 7.14. Cymxa napoy AYKTOM I CXIMaeTcsl B KOMIpeccope. OH KOH-
BHCOKOTO LaBJeHHA. nencupyercst npu 0,5 MIla (150°C) B remio-
/ — xommpeccop; 2 —cxarut OOMEHHHKe, MOJOTpeBalOLleM BO3AYX, MojaBa-
o 3 A Sl amMochep-  eMblii B cywusky. Ecanm map wepocraTouHo

YHCT, PEKOMEHIYyeTcs NPHMEHATh 3aMKHYTHIHA

KOHTYp Ha BOJSIHOM Ilape C JOMOJHHTE/JbHBIM
TeMJI00OMEeHHUKOM yTBep}KllaeTCﬂ uyTo 3¢ PeKTHBHOCTL Mpollecca CO-
crasaser 1000 xJIx/xr ucnapsiemoit Biaru [3,6 kr/(kBt-u)]. B apyro#
cxeme (pHcC. 7.15) KOHTYp ¢ MeperperhiM MapoM AOMOJHAETCS 0ObIYHBIM
TeIVIOBBEIM HacocoM Ha ¢peoHe, NpH 3TOM 3(PPEKTUBHOCTL AOCTHTAET
750 kIxk/kr [4,8 kr/(kBt-u)]. 3Ta cxema npumMeHeHa AJsl HENMpepbIB-
HOTO Mpolecca B TYHHEJBbHOH CYUIHJKe, TOTAA KAaK APYTHe ONMHCaHHbIe
BhILIle CXEMEI OTHOCSITCSI K KAMEPHBIM CYLIHJIKaM.

Henasuo B HoBoit 3estanaun nposefena pabora, HanpaBJeHHas Ha
CHHXKEHHE KalHTaJIOBJOMKEHHA B ONMHCAHHBIE BhILIE CYIIHJIKH 60JBIIOH
MOLIHOCTH ¢ y4eTOM OIpPaHHYeHHs TeMIepaTyphl, HajaraemMoro Ipume-
HeHHeM CYLLeCTBYIOIMX xJanoarentos [18]. B kauectBe pemenus mnpo-
6JeMBl pEKOMEHZOBaHa PeKOMIIpeccHsl mapa. 34ech cJelyeT OTMETHTb,
YTO MakcHMMaJbHas TeMIepatypa XJafoareHta B pacyeTax HOBO3e-
JIaHACKHX aBTopoB — 0KoJ10 50 °C. OAHaKo MpH HCNOJIb30BAHHH TaKHX
‘XJlajloareHToB, Kak R144, momycTima teMnepaTypa KOHAEHCAUMH OKO-
Jo 120°C (§ 7.4). Orpanuuennem cayxut cuuxkenne KOII Tensosoro
Hacoca INpH HarpeBe OKpYyXKalollero Bo3jyXa AO BBICOKHX TeMIepatyp,
NpHBOAsiLlee K HEOKOHOMHUYHOCTH ycraHoBKH. CylKa HEKOTOPHIX COD-
TOB Jieca TpebyeT TeMIepaTyp, NpeBHIMIAIONINX BO3MOXKHOCTH CYIHeCT-
BYIOIIUX CYLIHJIOK, H 3/leCb MOXKHO IIPHMEHHTb PEKOMIIpecCHIo mapa —
CXKaTHe TNapoB, yAajsieMblX U3 BBHICYIIMBAaE€MOTO MaTepuaja, H HX Hc-
TIONb30BaHUE AJisl MOJOrpeBa.

- BeicokoTeMIrepaTypHas cylika npH atMocdepHOM [AaBJjeHUH jAaeT
napH ¢ Temuepatypoil konaencanuu 100°C, Ho ecu TpebGyeT nporpam-
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Ma, TeMIepaTypa nmapa MoxeT ObTb ¥ BhILIe, [IpH ckaTHH 3TOro napa
noBHIIaeTCS U TeMmepartypa <yliku. IIpu gocraTouHo 60JbIIOH cTelle-
HY CXKaTHsl TeMIlepaTypa KOHJAEHCAIHH MpeBHILIaeT TeMIepaTypy CyXo-
ro TepMOMETpa, H TOrJla YCTaHaBJHBaeTcs Heo6Xoxumas AJd TemJao-
o6MeHa ¥ MOJayy Telja B CYLUIMJIKY Pa3HOCTb TEMIepaTyp.

[Ipu Hcrno/b30BaHHM 3TOr0o MeToZa AJSI CHHXKeHHsi notpelJeHus
3HepTHH B CyIIHJKaxX AJA Jeca HeoOXOJHMB HEKOTODble H3MEHEHHs IO
cpaBHeHHIO ¢ cylIkoii kepaMuru. [IpucyTcTBre Bo3ayxa B mape npH na-
POBOM TOJOTpeBe CHUKaeT 3(P(PeKTHBHOCTL TemyooOMeHa M MOBBIIAET
3aTpaThl 3HepruH Ha cxarue. [lo3ToMy BaxHO, 3TO6H arMmocdepa

55
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Puc. 7.15. KoHBeKTHBHAf CYIUHJKA C KOHTYPOM Ieperperoro napa #H OOBLIYHLIM Tell-
JIOBBHIM HaCOCOM.

! — npoayKuus; 2 — XonoAHasA BoJa; 3 — NMOTOK Bo3Ayxa, 4-— BOAsiHO! map aTMocdepHoro aasJe-
HHAA; 5 — MaHOMeETD; 6 — KOMNpeccop BOAAHOTO mapa; 7 — (PEoHOBHIf} KOMIpeccop; 8 —— KoHgeHca-
HHs mapa npe 0,5 MIla, 148 °C; 9 — sona nmpu 108 °C, 0,5 MIla.

BHYTPH CYLIHJKH COZepiKaJja TOJbKO Hap, T. €. 4ToObl cyliuaka pabo-
Taja Ha neperperoM nape. s moajepakaHus mapa NeperperbiM NpH
atMocepHOM [ aBJEHHH KOMIIpeccop AOJIKEH 3acachlBaTh TOJIBKO Na-
DH, YAaJsieMble H3 BBHICYLIHBAeMOro Jeca, H NoJaBaTbh HX B NapoBok
HarpeBaTeJb. YIpaBJieHHe KOMIIPECCOPOM CTPOHTCSl C Y4eTOM mapa-
METpPOB Napa Ha BBIXOAE M3 CYLIHJKH ¥ RaBJeHHH BHYTPH Hee C PeTy-
JHPOBaHHEM MOTOKA HcnapsieMoil Biard uepe3 Kommpeccop. He nyx-
HO cOpachiBaTh H36HITOUHYIO BJary B atMocdepy, Tak Kak BCsl Hcna-
puBlIasics BJiara yAaJisieTcsi KOMIPeCCOPOM H KOHAeHCHpyeTcsd B Mapo-
BOM HarpeBatese. [ToGouHBIM MPOAYKTOM IIpouecca PeKOMIIPecCHH
nmapa sBJsieTcsl 60JIbIIOE KOJNHYECTBO ropsuyefl BOABI NPH TeMmeparype
xo 100°C, KOTOpPYIO MOXKHO HCIOJNB30BATh, B YACTHOCTH, KaK IMHTATE/]b-
HYIO BOAY AJIs1 KOTJa.

O6mas cxeMa CyLIMJKH JJs Jeca ¢ PeKOMIpeccHedl NMapa npHBe-
1eHa Ha pHC. 7.16; OHa COCTOHT TOJbKC H3 YIJIOTHEHHOH KaMephl C
BEHTHJIATOPOM JJISl HHPKYJMSUHH Ta30B H NapoOBOrO MOAOTPeBaTels.
Ba)kHOCTb YNJIOTHEHHsI KaMepbl TPYIAHO mnepeoueHuTb. Ilpu cyumixe
neperpeThiM MapoM HMeeTcsl TeHAEHIHs] K HEKOTOPOMY IIOBBIILEHHIO
ZaBJIeHHS] Napa BHYTPH KaMephl, 4TC cnocoOcTByeT yTedke Tnapa B
atMocgepy. Jli06ast noTepss napa cHHXKaeT SHEPrHio, BoCCTaHaBJHBae-
MYIO TIDH DEKOMIPECCHH, NO3TOMY YCTDAHEHHIO TAKHX yTEUeK CJeAYeT
yaeasitb ocoGoe BHuMaHue. C/lefyeT y¢TpaHATb TakxKe H Jo6yi0 KOH-
JEHCAlMIO BHYTPH CYIIMJKH, TAK KaK H OHAa YMEHbUIdeT KOJHYECTBO
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napa, MocTynawollero Ha pekoMnpeccuio. Cymn/aka AoJKHA HMETh JO-
CTATOUHYIO TEIIOU3OJALHIO, TAK KaK TeMIepatypa BHYTDEHHEH CTeHKH
npesniaet 100 °C.

OTtcoc mapa KOMIIPeCCOPOM TPOM3BOAUTCS H3 HHXKHeH 4acTH KaMe-
pBI, YTO MO3BOJISIET CKHMaTh MeHee IeperpeTHil map ¥ NMOHHXKaeT pac-
XO[ 3HEePTHH Ha cxKaTue. JlOMOJHUTENbHBIM IPEUMYLIECTBOM TaKOro
pa3MelleHus ABJISETCS TakXkKe CHHXKEHHe pacxoja BO3AyXa yepe3 KOM-
npeccop. Bosayx HakansiuBaeTcsi B BepXHell 4aCTH KaMephl H BHIGpa-
CHIBAaeTCsl yepe3 creluasbHble KaHaubl. laBjeHHe cxKaToro mapa npH-
6auKaercsl K JaBJEHHIO OOBIUHBIX MapocHa6XKalomUX yCTAHOBOK.

JLnst peKoMNpeccHH HYXKHO TIIATEJbHO N0oZ06paTh KOMIpPeccop.
B otsnune ot GOJABIIMHCTBA NPYTHX CJIydYaeB OXJaXKAeHHE KOMIpPecco-

pa 3ecb He Ttpebyercsi. Ha Bhixo-

Jile U3 KOoMIlpeccopa JOCTHIaercsi BHI-

cokass Temneparypa (mo 415°C),
4 YTO TIpeibsIBAfE€T K KOHCTPYKIHH
KOMIpeccopa ocobble TpeboBaHHA.
Caenyer mpelycMOTPETb PeETyJHpO-

Puc. 7.16. CxeMa pekoMmpeccHH mapa B CY-
Zi HIHJIKe OJ11 AepeBa.

! — Tpy6KH ¢ NapoBHM NOAOIPeBOM; 2 — BO3AYX;
3 —- yaaBauBaTeab; 4 — BOASIHOA map; 5 — BeHTHAA-
TOp; 6 — NpenoXpaHHTenbHBI KaaNaH; 7 — KOMApec-
g cop; § — BXOA B KOMHpeccop; 9 — KOHAEHCAT.

BaHHe KoMmmpeccopa, YToOBl NpH CHHXXEHHUM HArpysKH yMeHbIuajcs H
pacxon napa, Ho AaBJieHHe Ha BbIXoJ4e MOAAEP:KHBAJOCh TOCTOSHHBIM.
Has jecocylInAbHBIX YCTAHOBOK OKa3aJMCh NMOAXOAAIIUMH KOMIIpec-
COpHI, CO3JaHHHE JJIf BHIIAPHBIX allapaToOB XHMHYECKOH TEeXHOJOTHH,
rge PeKOMIIDEeccHsl NMPAKTHYECKH HCIOJIb3YeTCsl AJs1 TelJlocHabxXkeHHs
HenpepeBHO paboralpomux annaparoB. MHorna AJst cxkKaTusi nmapa He-
TI0JIb3YIOT CTPYHHbIE 3}KEKTOPH Ha mape BbicOKoro nabjenus. Ilpeumy-
HIECTBOM TaKOf PEKOMIIpECCHH Iapa fBJAETCA CHHXKeHHe 3KCIJyaTa-
HHOHHBIX 3aTPaT M HCKJIIOUEHHe HCMOJb30BaHHS JOPOTOH 3JICKTPOIHep-
rui. HenocraTtok takoit cucteMsl B HU3kOM MexaHuueckoMm KIIJI mapo-
BOTO 3XKEKTOpa M TPYHAHOCTH PeryJHpPOBaHHS CHCTEMBl [IPH M3MEHEHHH
pexkuMa paboTH *.

HMeloTcst mpuMephl ycHelIHOTO NPHMEHEHHs Neperpetoro napa Ajs
cywku Jeca npu temnepartype 130 °C, Tak 4TO NpU pEeKOMIIpeCCHH cJe-
AyeT NpeAycMOTPeTh MoJyyeHHe NeperpeToro napa.

HoBozenanackoe HccnefoBaHHe NOKAa3aJo, YTO IKOHOMHS HEpPrHH
IpH CylIKe Jeca A0XoAuT Jo 659% pacxogyemoil B OOBIYHON CYIIHJIKE.
JTo OTHOCHTCSI K yCTaHOBKe ¢ KoMIlpeccopoM okojo 500 kBT, snauu-
TeMbHO 6oJice MOLIHBIM, YeM COBPeMeHHble KOMIIPecCOpHl CYLIMJIBHBIX

* Buyrtpennuit KI1J sxekropa (oxoao 0,2) cymecrBenHo Huxe KITJ mexanuue-
cKoro komrpeccopa (oxoio 0,7), No3TOMy 3KEKTOPHAR KOMIPeCCH HE NOMAYYHAQ
UIHPOKOTO pacrnpocTpanenns. — [1pum. nep.
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TeMIOBbIX HacOCOB 3aMKHYTOrO iiukna Ha ¢peéonax. Ipeanosaraércs,
YTO 3KOHOMHIO SHEPTHH MOJKHO €lU€ MOBHICHTb B TaKHX CYIIHJIbHBIX
poLeccax, rie cTeleHb OCYIIKH He OUeHb BeJIHKA.

AnasoruyHble TPEUMYLIECTBA HMeET NapoBasi KOMIIPECCHs MPH Mpo-
H3BoACTBe OyMaru.

7.3.2. NPOLIECCH! BLINAPMBAHMSA M KMNAYEHMS

Kak ynoMuHa/ioch B Mpeabliymux pasgenax, paboudM TeJoM IpH
pexoMnpeccHu cJyxKHT Boga. Kpome Toro, B BHMapHHIX ammapaTax
pekoMmnpeccusi mapa NnpeicTaBJ/sieT cOG0H TEeNMJOBOH HAcOC OTKPBITOTO
LMKJa, KOTAa M KOHAEHcaT (BOAa), H YNMapeHHBIH KOHLEHTPAT Helpe-
PBIBHO YAQJSIIOTCS H3 YCTaHOB-
KH M 3aMEUIAlOTCs [0JaBaeMbIM
chippeM. Kak MmokKasaHo Ha pHC.
7.2, WcnapHureJb H KOHAEHCATOP
thaKTHYECKH MpeACTaBJAIOT 0JHO
IeJO€ H BblJeJeHHe CKPHITOH
TEMJIOTHl KOHJeHcaluuu obecle-
YHBaeT HCNapeHHe XKHAKOCTH. | 7

JHepreTHyecKHe INpeuMylle-

CTBAa DEKOMIIPECCHH IIpH BHIA- _
HBaHHH TaKHe 3Ke, Kak M TpH )
Eymxe. TTOCKOMIbKY CKpbITasi Tell- I;:; 7.17. Jlsyxcrtynensgaroe ucnape-
JoTa chape}”“l BO3BpamaETCﬂ 1 — BOXsAHON mnap; 2 — NepBasy CTYNeHb BhI-
NpH KOHJEHCANHH Mapa 3aTPAThl  Mapku; 3-—map;’ 4— TOMMHBO; 5 — Bropas
CTyneHb BbINapkH; 6 —c6poc mnapa; 7 —
dHepruu Tpeéy}OTCﬂ TOJBKO HAa  cGopuuk Komgencata; 8 — OTBOZ KOHIcHCATa;
npuBoA Komnpeccopa. Ecan pas- 9 nosyuka.
HOCTb TEMIEpaTyp HCMapeHHs H
KOHJeHcallUd ToAepxKuBaetcss B npeaenax 7°C, 3atpatsl 5Hep-
run ¢ yueroM KIIJL komnpeccopa cocraBasior okoao 70 kJIx/kr.
B o6blyHOM oOfHOCTYMeH4YaTOM BBINAPHOM annapaTte 3aTpauydBaeTcs
okoJ10 2790 kIX/Kr, a B LIECTHCTYNEHYATOH YCTAHOBKE C BBICOKOH 3-
¢dexTHBHOCTBIO TpebyeTtcst 465 kJk/Kr.

OnyiuieM KpaTKo Npouecc MHOTOCTYNeHYaTtoro BhuiMapHBaHufA. OH
nso6peren Puity B 1843 r. Ana mpousBoacTBa caxapa M COCTOHMT B IO-
BTOPHOM HCIIOJB30BaHHH CKPHITOTO Temja AJjs HclapeHus 6e3 peKoM-
npeccud. B ogHOcTyneHuaToM ammnapaTe MoJyueHHBIH nmap BHGpachiBa-
etcsi B atMocdepy, HO NpU BBEJEHWM BTODPOH CTYNeEHH MCHapPeHHsl map
NepBOil CTYMEHH MOXKHO HCMOJb30BaTh B 3aMKHYTOM KOHTYDe HJS HC-
napenus BTOpoH crymenu. Eciu BTOopo# cocyn nopdep:kuBaeTcst HpH
aTMocepHOM JaBJIeHHH, TO JAaBJeHHe B KOHType MNepBOH CTyNeHHd
JOJTXKHO OBITh MOBBILIEHHBIM.

[IpeanonoxkuM, 4T0 BTOPOH COCYyA, Kak INoOKasaHo Ha puc. 7.17,
coobumaertcs ¢ arMmoceepoil. Koraga map mocrynaer njis HarpeBa nepsoro
COCyda, B HEM HayHHaeTCAd KHIIEHHE, HO BO BTOPOM COCYAe KHIIeHHS
eute Bet. ITo Mepe Bo3pacTaHusl ZaBJieHHs BHYTPH NEPBOro cocyjna pas-
HOCTb TeMIlepaTyp MeXAy TPEIOIIHM H NOJIYYeHHBIM NMapoM CHHIKaeTcd,
4yTO yMeHbLIaeT Temsoob6MeH. B To xe camoe Bpems nosblllaeTcs pas-
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HOCTh TeMIepartyp H ddBieHHE MeXKAy MOJAYYEHHBIM HaPOM H JKHAKO-
CTBIO BO BTOPOM COCYZe, YTO BHayaJjie BBI3bIBaeT KOHJAEHCAIHIO TMapa
H3 nepsoro cocyfa. CKphlTasi TENJOTa ero KOHJAEHCAIHMU JaeT HOCTa-
TOYHO 3HEepruM IJIsi HCIapeHHs BO BTOPOM cocyne, obecneuuBast 3¢-
(dekTHBHOe BHMapuBaHue. KooM4ecTBO TakHX CTyneHedl MOXeT JOCTH-
raTtb wecTH. B MOJIOUHON NMPOMBILJIEHHOCTH NPH PEKOHCTPYKUUH YCTa-
HOBOK HHCJIO CTyNeHel INOCTENEeHHO YBEJHYHBAJIOCh OT JABYX J0 NATH
[19]. TTocne 3Toro JIOrHYHO NMPHMEHUTH PEKOMIPECCHIO Mapa, 0coGeH-
HO Ha KPYMHBIX YCTaHOBKaX. Dd¢eKT IKOHOMHH SHEPTHH NPH ymapH-
BaHHH 450 000 J/u cHATOrO MOJIOKa 0O COZEpXKaHUS TBepAOH (a3l
. 48% npusenen B Taba. 7.7, OTKyAa BHAHO, YTO MOJHOE MOTpebJeHHE
3HEPTruH CHHXKeHo mouTtH Ha 80% M Raxe ¢ yUeTOM NOTEPb IPH NOJY-
YEeHHH 3JIEKTPOHEPIHH DEeKOMIIpeccHsl TNapa JaeT 3KOHOMHIO GoJgee
40% rtonJuBa.

Ta6auuna 7.7. DHeprusa, 3aTpauHBaeMas Ha HCHAPEHHE

Sueprus, MIx/a
3 - P
TIponece rﬁgtﬂr?gﬁxe/g nap::xg}/n 1o Tenay no pacxoay
TONANBA

YeTblpexcTyneHyaTas BHI- 0,0027 0,16 0,49 0,58
‘TlapKa

PekoMmnpeccus mapa 0,0230 0,01 0,11 0,39
p

Mexannueckass pekoMnpeccHs nmapa NpHMeHsIeTCs AJIsI TPeX OCHOB-
HBIX HpoueccoB: 1) moJyueHue Gosiee KOHIEHTPHPOBAHHOTO MPOAYKTA;
2) yMeHbiieHHe 00beMa KHUAKHX CTOKOB; 3) BOCCTAHOBJIEHHE BOABL IJIsI
NOBTOPHOIO HCIOJb30BAHHUS.

Haubosee ycnemso pekoMIpeccus NpHMeHSeTCS AJIsl KOHHEHTPaLuH
O4YeHb Pa36aBJIEHHOTO CHIPbS, NMOCKOJBKY TpeOyeTcsi BO3MOXKHO MeEHb-
as pa3sHOCTb TeMIlepaTyp KOHJAeHCalUMH NMapa M KHNeHus BreKkalouleH
KuIKocTH. [To Mepe NMOBHILIEHHST KOHIEHTPALMH MOBBIIAETCA H TeMIIe-
patypa kHmeHHs pactBopa. OHa MOXeT cTaThb Upe3MepHOH MJs Napo-
KOMIIDECCHOHHBIX cHcTeM. Jlpyroe orpaHuuyeHne — HEBO3MOXKHOCTb pa-
60THl Ha KHAKOCTAX C BBICOKOH BSI3KOCTBIO. B MHOrocrymeHuaThix BHI-
NapHBIX anfapaTax MOXHO HCIOJb30BATb PEKOMIIPECCHIO Napa TOJbKO
Ha MepBoH CTyNeHH, e PacTBOp elie CPaBHUTEJBbHO pa30aBJeHHBIA.

BricokoBsiakie XHIKOCTH 0OBIYHO 006pabaThiBalOTCsl B CIEHHAJb-
HBIX HCHApuTeJax ¢ TOHKOH mJueHkofl. OHH paboraloT IpH GOJbIIOH
pasHocTH TeMneparyp, okoJo 80 °C, npH BBICOKOH MJIOTHOCTH TEMJIOBO-
ro MOTOKa M MAaKCHMaJbHOM HCMOJb30BAHMM ITIOBEPXHOCTEH Harpeaa
[20]. TToBbimeHue TeMmepaTypbl A0 TaKOTO YPOBHSL H HCHOJb3OBaHHe
C2KAaToro napa B TOM ke annapare TpeGylOT CTeNMeHH cxkKaTHs okoJjo 10,
OZHAKO MAaKCHMaJbHO JOCTHXKHMAas CTeNeHb CXKATHS B OLHOH CTyMeHH
KOMIIpeccopa He mpeBblliaet 1,8.

PeasnnzoBaHHBE CHCTEMBl ¢ DPEeKOMIIpeccHed Iapa BKJIOYAlOT KOH-
UEeHTPALHIO MyJbNBl d OTX0A0B OyMa»KHOH MPOMBILIJIEHHOCTH, MPOU3-
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BOACTBO CIIHPTAa H MHOTOYHCJEHHBlE YCTAHOBKH XHMHYeCKOH MpPOMBIII-
JeHHocTH. THNHYHAA yCTAHOBKAa ¢ peKoMmpecchell mapa (MJH TepMo-
KOMIpPeCCOPOM) Ha NepBOi CTymeHH nokasaHa Ha puc. 7.18. Tepmun
<T€PMOKOMIIPECCOP» BBEIEH MOTOMY, 4TO PEKOMIIPECCHSl Napa MOKeT
ObITb He TOJbKO MeXaHHYeCKOH. 3a4acTyio IPHUMEHsSIeTCs 1apOIIKEKTOP-
Hasi peKOMIIpeccHs AJs MOBBIIEHHsI MOTeHUHasa Msitoro nmapa. Ilap
HH3KOTO JaBJEHHsI MOXeT OBITb CXKAaT A0 HECKOJbKO 6oJjiee BLICOKOTO
JaBJIeHHs] ¢ NMOMOINBIO OCTPOTO Napa B COOTBETCTBYIOLIEM 3KeEKTOpe.
PesyabprHpyloLiyji MOTOK Napa NOBBILIEHHOTO AaBJeHus yAaercs MoJes-
HO HCIOJb30BaTh. Takas cucteMa paGoTaeT TOJbKO B cJjydae, ecJH
Tpe6yeMoe MoBhILIIEHHe JaBJeHHs HeBeJMKo. HepocraTok Takoi cHcre-
MBI COCTOHMT B TOM, 4TO TpeGyeMoe HaBJieHHE OCTPOro Hapa CPaBHH-
TesqbHO BesHKO (okojo | MIIa) [21].

Puc. 7.18. Cxema Tpex-
CTleeHl{aTOﬁ CYUWHJKH ¢O
cTexalouie NJIEHKOH "
pekoMIpeccHeil nmapa.

1—8 — CTyneHH BbINapKH; 4 —
TepMOKOMIIpeccop; 5 — Boas-
HOR nmap; 6 — BakyyM; 7 —
nogorpeBaTeAb H KOHAeHCa-
TOp; 8 — chipbe; 9 — K Ga-
poMeTpy; [0 — KOHUEHTDHPO-
BaHHbIE MPOXYKT.

Hpyras GoJbluasi o6JacTb TNPHMEHEHHs TEMJIOBBIX HACOCOB — JAH-
crunasnus. Kak npaBuso, B AHCTH//SALHOHHHX KOJIOHHAX MOJy4aeTcs
He BOASIHON Map, MOITOMY 3Jech TPeGYIOTCs KOMIIPeCCOpPHl, CocoOHHE
pabotaTb Ha NMPOAYKTaX JAHCTHJJISIUMH HJH B 3aMKHYTOM LHKJE Ha
OOBIYHBIX XJafoareHTax. ’

O6blyHas AMCTH/JISIHMOHHAsT KosoHHa (puc. 7.19) cHabGxena pu-
GofisiepoM H KoHAeHcatopoMm [22]. PuGofinep moporpeBaercs BOASHBIM
MmapoM, a KOHAEHCATOP OXJaXKAaeTcsl clenHaJbHOH CHCTEMOH, MOoAAep-
XUBalomel Heo6X0AUMYyI0 TeMIlepaTypy KOHAeHcauuH. [IpambiM nmyreMm
NpUMeHEeHHEe TeMJOBOro Hacoca JUIA COKPALleHHs IHEPruH AHCTHJLISA-
IHH ABJISETCS HCMOJNb30BaHHE TEIJIOTH KOHJEHCAIMH AJs 3aMelleHHs
naposoro mogorpea puGoitnepa (puc. 7.20). CienoBatesbho, puboit-
J€p CTaHOBHTCS KOHIEHCATOPOM TelJoBOro Hacoca. [las CHHXKeHHS
MOLIHOCTH KOoMIpeccopa TpebyeTcs MOALEPXKHBAaTb BO3MOXKHO MeHb-
Y0 pasHUIy TeMMepaTyp MeXAy PHOOHJIEPOM H KOHJEHCATOPOM, HO
NpH 3TOM BO3PACTAIOT MOBEPXHOCTb H CTOHMOCTb TeNJOQGMEHHHKOB,
TaK YTO HIIETCH KOMIIPOMHCCHOE pelleHHe.

IpyruM myTeM NpHMeHEHHs TeMJIOBOTO Hacoca SIBJSETCS HCNOJb-
30BaHHE NMPOAYKTOB KOJIOHHBI B KayeCTBe XJaJ0areHTa, €4 HX CBOH-
CTBA TOMY He NpENATCTBYIOT. DTO HCKJIOYaeT mepernaj teMneparyp B
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KoHAeHcaTope unu puboiisepa, T. e. mopbimaer KOIT. CxeMbl Takux
KOJIOHH MOKa3aHbl Ha pHc. 7.21.

[Ipu 5KOHOMHUYECKHX OLEHKax ycraHoaeHo [22], uTto TeNJIoHacoc-
HBle CXeMbl HEKOHKYPEHTOCIOCOGHH MO CPaBHEHHIO C OOBIYHOA CXeMOH,

Puc. 7.19. Cxema oObluHoii AH-

” M J
> CTHIAUHOHHOR KOJIOHHBI.
5

-

! — cpippe; 2 — KOJIOHHA; 3§ — nap;

4 — KoHpeHcaTop; § — OXJa¥paio-
mwas cpefa; 6 — MHAKOCTH, 7 —
BepXHHU#t HNPOAYKT; § — puGoiinep:
9 — BoasHo#l nap: /0 — KOHJAeHCaT;

11 — HHXKHHHE NPOAYKT.
7l ot [FO
-

I (s
b
7 <
Puc. 7.20. JTHCTHANSIHOHHAS KO-
J
8
b

{\n

1),

JIOHHA ¢ TEIVIOBHIM  HacoCoM b
3aMKHYTOrO UHKJa (Ha CTelH-

¥ anshoM pabouem Tene).

] —chippe; 2 — KOJMOHHA; 3 — nap; 8

4 — HcnapHTeab; § — Apocceab; 6 — J
MHAKOCTb; 7 — BepxHHU#t NPOAYKT, 8§—

70 puboiinep-KoHeHCcaTOp; 9 — KoMNpec- /0‘
11 cop; 10 — HUXKHHE TPOLYKT.

MoJNy4awIlell TemIo OT TEIVIOIEKTPOLUEHTpa M, ecJaH TeMiepartypa
KOHAeHcalunu Haxoautcsa B npepenax 35—110 °C. OcHoBHo#t 06acThio
NPUMEHEHUs] SIBJASIOTCA AHCTHIJSLHOHHbBIE KOJOHHBl € XOJOAMJIbHBIMH
HUKJIaMH, a TaKXKe MHOIME APyrHe HOBble NPOLECcCH.

Ds J 4 Z

1
o, - v,

1 _
2| 5% ] (4 v
9
8
pgr—__ v M7

Puc. 7.21. CxeMH TemIoBOro Hacoca Ha BepXHEM TPOAYKTe (@), HHKHEM IPOAYKTE
(6) ¥ OTKpBHITOrO LHKJA ¢ NAapoTYpOHHHBIM NpHBOAOM (8).

4 — GaKk; ]/ — TypOuHa; I2 — PeryAHPOBOYHBII XONOAHMAbHHK. OcTajibHble 06O3HAYEHHS CM. B
MOANHCH K pHc. 7.20.

CxeMa KOJIOHHBI, TPOAYKT KOTOPOH HCIOJb3yeTcs B KauecTBE XJia-
noarenta [23] ¢ OGBIYHBIM Ta30BLIM KOMIIPECCOPOM, BBINOJIHSIOUHM
®YHKUHH TENJI0BOTO Hacoca, puBedeHa Ha puc. 7.21. IlepBoHauasbHble
OLEHKH TIOKAa3aJH, 4TO TEMJOBOH HACOC MOBHILUIAET CTOMMOCTb KOJIOH-
HBl npuMmepHo Ha 10%, Ho maer 3koHoMHI0O 259% asuepruu. IIpu atom
He TpebyeTcsi HUKAKHX H3MEHEHHH CyLUlecTBYIOIeH TeXHONOTUH JHCTH/I-
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JSILAH, HYYKHO Jiuith IOBBICHTD fdBJieHHe B KofOHHe, YTOOB YMEHbIIHTD
pa3Mepsl KoMnpeccopa. Heofxoauma rtiaTtesnbHass npopaboTKa KOH-
CTPYKLHH TeNJIOOOMEHHHKA, TAK KaK TeNJOBOH Hacoc MOBHIIAET TeMIie-
patypy He Gosiee ueM Ha 20°C u Tpebyercs o4eHb MaJjasi PasHOCTb
TEMIepaTyp NpH TenaoobMeHe.

TexHuueckue npobaeMbl YAaa0Ch MPEOLOJNeTh CPABHHTEJIbHO JIETKO,
H CPOK OKYMAaeMOCTH KAalHTAaJ/OBJOXKeHHH OblJ KOPOTKHM. DKOHOMHUS
3HEePIrUH MO3BOJIAET MOJYYHTb B NPOMBIIIJIEHHBIX MpPOHECCaX CPOK OKY-
naeMocTH He GoJsee 2 Jer.

Bosee nmoapoOGHble OIEHKH TPEHMYIECTB TEIVIOBBIX HAacOCOB IO
cxeMe puc. 23, 6 B IHCTH/JISLHOHHBIX YCTaHOBKax [24] mpuBeaeHH B
taba. 7.8. CHayaJjia IHCTH/JNALMOHHAS CHCTeMa NpeAcTaBfsja coboi
OOGLIYHYIO KOJIOHHY ¢ BOASIHBIM OXJIaXKAeHHEM KOHJAEHCAaTOpa U NMPAMBIM
noxorpeBoM puboiiiepa, a 3aTeM ee MOZHGHUHPOBAJH C BKJIOUYEHHEM
TEemJIOBOrO HAcoCa, YTO CHU3HJIO Pa3Mephl KOJOHHB H HCKJIOYHJIO KOH-
npercaTop. CHJABHO CHHU3WJIHCh M KaNMTaJbHble, H JKCNJAyaTalHOHHbBIE
3aTparthl. 34ech Xe NpPHBEJEHO CpPaBHeHHE C CHCTeMOM IOAOrpeBa KO-
JIOHHBI ¢ TIOMOILBIO COPOCHOTO TenJa, MOJYyYaeMOro OT APYroif ycTaHOB-
kd. PaccMaTpuBaloTcs TakXkKe CHCTeMBI € MCHOJb30BaHHEM HarpeTo
TeXHUYeCKOH BOIBI, NPHMeHEHHe KOTOPOH HCKJKYaeT MOTPeGHOCTb B
TPagupHAX U APYTHX TelJooOMeHHHKaX. BrosHe Bo3MOXHO, UTO AaJib-
Hefillasi NpopaGoTKa BBLIABHT ONTHMYM B COBMECTHOM HCNOJIb30BaHHH
KaK cOpOCHOro TelJa, TaK H TeILIOBOTO Hacoca C KOMIIpeccopoM
YMeHbIlIeHHOH MOUIHOCTH.

Ta6auna 7.8. CpaBHeHHe XapaKTePHCTHK TEMAOBBIX HAcOCOB
H APYTHX CHCTEM B AHCTHANAUHOHHBIX KOJOHHAX

Harpes
I},Z?g:g_ﬁ Tennonacoc- cOpocihi
XapakTepHCTHKa BOARHOE Hasi cHCTeMa TEMIOM,
oxnaxeHne BoAntoe
oXJaxXaeHne
Temmepartypa kosonuu, °C 37 4,5 37
OnTuManbHoe pedJIOKCHOE OTHOLIEHHE 6,9 56 7.2
ITpouent npeimenns pedJorca 5 7 13
JlnaMeTp KOJOHHBI, M 4,7 44 48
BblcoTa KOJIOHHH, M 66 46 56
TodauuHa CTEHKH, MM 36 14 35
TenoBast MoLIHOCTL KOHAeHcaTopa, MBT 37 - 39
IoBepxHocTh KoHaeHcaTopa, M2 5260 — 5680
Tensosas MowmrocTs puboiiiepa, MBT 37 36,7 40
IosepxHocTs puboitnepa, M2 310 10 600 2760
MoutnocTh KoMnpeccopa, KBt — 4200 —
IMonnbie KanHTAJOBJOXKEHHS, MJH. JOJJI. 4,2 4,9 4,3
OxJaaxjamomas cpeaa Boaa — Boaa
CTOHMOCTb BOJB, UeHT/N 0,27 — 0,27
TMonnast cToMMOCTh CHCTEMBl OXJAXKACHHS, 1,9 — 2
MJIH. 0L
Ipetouiuit arent ap uusxo- — lopsiuasn
rO AAaBJEHHH Boja
CrouMocTb HarpeBaiouiefi YCTaHOBKH, MJH. 1,6 —_ 0,7
O
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7.4. UCNONB3OBAHME TENSIA MPOMBILLNIEHHbIX CTOKOB

Hexkoropble AaHHBIE, MOKAa3bIBAlOUIHE BO3MOXHOCTb INPHMeHeHHs
TENJIOBLIX HACOCOB B HCIOJb30BaHUI Tensa cOpachlBaeMBIX KHULKOCTel,
yKe Oblaiu npuBefeHbl B TabJ. 7.1; B OCHOBHOM [Js1 NHINEBOH NPOMBILI-
JIEHHOCTH, TIPOH3BOACTBA $€3aJKOroJNbHBIX HAaNHTKOB, MOJIOKAa W INHBA.
B nuuieBoil NpoMBILJICHHOCTH MMEIOTCS EBa cnocoGa NMpUMEHENHHs Ten-
JOBHIX HacocoB. Hapsigy ¢ mpocrtofi pekynepauuef Temjia BO MHOTHX
TIPOU3BOACTBAX TpeOyeTcsi He TOJbKO TEXHOJIOTHUECKOe TeIJOo, HO H
TEXHOJIOTHUeCKHH XoJio[. 34ech TEAJ0BOH HAcOC HCMOJb3yeTcs TakK XKe,
KaK H B CHCTEMaX OXJaxK[IeHHs, ONMHcaHHbX B § 7.2, Ho npH GoJjee
BBICOKUX (mpuMepHo Ha 20 °C) TeMIepaTypax HCHapeHusi U KoHJAeHca-
IUH. B TekCTH/BHON MPOMBIIIEHHOCTH 4Yallle BCEro NMpHMeHseTcs Ipo-
cTas peKynepanus TelJsa, NpUYEM IIOCAE UCTOIb30BaHHS B KauecTBe
HCTOYHHKA TelJia XKHAKOCTh cOpachiBaeTcs.

7.4.1. NULLLEBAS NPOMBILLJIEHHOCTD

HsroroBjenne n ynakoBKa IHILEBBIX NPOAYKTOB BKJIOYAIOT MHOTO
Pa3jHYHBIX APOLECCOB, CPeAH KOTOPHIX GOJBLIYIO AOJI0 3aHUMAIOT Ha-
rpeB H oxJaxJaeHue. B GOJbIIMHCTBe cJaydyaeB H3rOTOBJEHHE Hemocpen-
CTBEHHO CBSI3aHO € YNaKOBKOH, MO3TOMY OHH 3[leCh PaccMaTpHBAIOTCSA
COBMECTHO.

KonunuectBeHHble KaHHBIE MO 3HepronoTpeCJieHHIO MUIUEBOH INPO-
MBIIIIEHHOCTH MOJYYHTb TPYAHO H3-3a MHOTOOGPa3Hs IPOLECCOB U mpe-
HeOpeXKeHUsT K IHEPreTHUECKHM 3aTpaTaM, CYLIeCTBOBABILEro A0 IIO-
cnentero Bpemend. B CIIA moanoe norpe6Jenne sHeprud B MUILEBOH
NPOMBILIIEHHOCTH oueHuBaetcs B 0,9-1018 IIx B+#971 r. * BoJee Tina-
TeJbHHH aHaJH3 npoBeled B [oanannuu, rae nulleBas NPOMBIULJIEH-
HOCTb HaXOAMTCS Ha YETBEPTOM MeCTe B CNHCKE OCHOBHBIX moTpebure-
Jeit 3Hepruu ¢ notpebaenuem B 1972 r. 69-10'5 Ik, uyrto cocraBiaser
9% sHeprun. CratucTHKa B AHIJIMH BKJIOYaeT MHIIEBYIO NMPOMBILIIEH-
HOCTb B pasjeJs KJacCHOUKAUHH «Mullla, HAMUTKH H Tabak» ¢ motpeb-
jgenneM B 1972 r. okoso 265-10'5 [k, T. e. BuerBepo Goablle, 4eM B
Tonnaugun.

B nuuieBo#i MPOMBILIJIEHHOCTH 0C060€ 3HAYEHHE MMeeT NMPOM3BOACT-
BO KOHCEDBOB H MOJIOYHBIX NPOAYKTOB. IIpH KOHCepBUpPOBaHUM NPOH3-
BOAAITCA HarpeB M CTepHJIM3alUsi TPU DOBBIUIEHHOH TeMmepaType.
B MoJioyHO# TMpOMBIIJIEHHOCTH 3HAaYHTENbHAst SHEPTHs PaCXOAYyeTCs
Ha 06paboTKy KakK MOJIOKAa, TaK M €MKOCTel AJsi ero npueMa. 31ecChb
HIHPOKO MPUMEHAIOTCS ropsivas Boga W BOASHON map H uMeercs: 60Jb-
II0e KOJIHYECTBO CTOKOB C Pa3jIMYHOH CTENeHbiO 3arps3HeHus. B nulie-
BO#l NMPOMBILJIEHHOCTH, a OCOOEHHO B NPOU3BOACTBE MNHBa, Ge3aJiKo-
FOJIbHBIX HANMHTKOB H MOJOYHBIX IIPOXYKTOB, BaXKHO COXPaHATb BOAY,
TaK KaK €e CTOMMOCTb PacTeT ¥ OHa CTAHOBHTCS CTOJb XKe Je(HUHTHOH,
KaK H 3HePrus. B cTOMMOCTb BOZB! BKJIOYAIOTCA TaK¥XKe M 3aTpaThl Ha
OUYHCTKY CTOKOB.

* Okosio 30 MaH. T yenoBHoro Tomnusa. — ITpun. nep.
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KosantuecTBo KHIKHX CTOKOB B J060H YCTaHOBKE MOXKHO MHHHMH-
aupoatb. OGBIYHBIM MEpPONPHATHEM SBJSIETCS NMepeXold K 0B60pOTHOMY
BOZOCHAGKEHHIO C LHPKYJAlLHell BOLBI, HCIIOJNB30BAHHOH IJs Harpe.a,
OXJIaXJEeHUs] U/ MBITbS, AJ5 Y€ro BOAA MPOXOAHT JOMOJIHHTENbHYIO
NOATOTOBKY H OYHCTKY.

Koncepsuposanue nuuju. DHepromorpebasioliye Ipouecchl IMpH
KOHCEPBUPOBaHUHM (PYKTOB W OBollleii ykasausl Ha puc. 7.22 [25]. Ilpu
GO/BILIOM YHCJEe TEMJOBBIX NPOLECCOB CYLIECTBEHHO peryJHpOBaHHe
TEeMIEepaTyphl AJs NpejoTBPalleHus
meperpeBa H mepepacxojfa TOMJHBA. /o780 epyrst, 0000t

Bonee paunoHaJbHbIMH sBAsitoTcst YA

mpolecchl HeNnpephIBHOTO Harpesa TqacmAd,

B NMOTOYHOH JIMHHH, a He Harpes B roseemelne
OT/IeJbHBIX KaMepaX. KoHeuyno, ume- o85u
ercsi MHOro crnoco6oB yJaydiieHus 747 Tmbemubante
HCTIO/Ib30BAHHST SHEPTHH H 6e3 Ka- ,,a[:—-—r_—_l”””ﬂ,,
MHTAJOBJIOKEHHH, CBA3AHHHIX C Tel-

JIOHACOCHOM TexHoJorde#t. Caenyer _”j'/’____.,{ Hazped l
OTMETHTb TpHMeHeHHe OOBIYHBIX

oueHb 3PPeKTHBHO, 0COOGEHHO TNpH noTHE
BBICOKOH  CTeleHH peKylepauuH.
Huxke npuBeneHb YeThpe PEKOMEH-
JanHu:

1. Hcnosb3oBaHHe MHHHMAaJb-
Ho#l Jo6aBKM BOABl B Ipolecce.
Bona mosxHa ObITh HcnapeHa Ha
AOCJAEAYIOUHX CTaJHAX TNPOLECCOB,
H 3TO YyBeJHYHBaeT TEIVIOBYIO Ha-

KUAKOCTHBIX TeMaI00OMEHHHKOB, YTO i f
3anoneRuE

Beriava, ]

f
YRAOMHERUE GUHOK

Lmepuny3ayuen

I'PY3KYy. Oxnawienue
2. CaenyeT mnpoBepHTb 3JHepre-

THYeCKYIo 3((EeKTHBHOCTH cnocoba Bpyxmsl « 080K

Harpesa. TeopeTHyeckH HarpeB H 7 suwnax

MPUTrOTOBJEHHE MHIH TPH MOBbl-  pye 722, JlnarpaMma IOTOKa SHEPIHH
IIEHHOM JaBJeHHH Oojiee 3p®eK- npu HIrOTOBJEHHH NHIIEBHX KOHCep-

THBHBI, UeM NpPH arMocepHOM HJH  BOB.
NIOHUKEHHOM.

3. HempephiBHble MpoleccH NMPEACTaBAAIOT GoJblile BO3MOXKHOCTEH
Ui BOCCTaHOBJeHHs Telia. OxjaaXKIeHue NPOAYKTa B pslie C/ay4aecs
03BOJISIET HCNOJB30BAaTh TEIVIO OXJaXeHus B APyrom mpouecce. Ecan
NPOAYKT He Tpebyercsl OXJaXAaTb OBICTPO, NMPUMEHSETCS €CTECTBEH-
Hasi KOHBEKLHS, H 3TO TEIIO HCIOJb3yeTCsl AJs OTOIJICHHUA.

4, Ecin Hen3BexkHbl KaMepHble TNIPOUECCH, TO CAelyeT HCIOJb30-
BaTb pasHble COCyAbl IJsl HAarpeBa H OXJaxAeHHsL.

B npoH3BOACTBE KOHCEPBOB YacTo IipeHeGperaloT NoAAepXKaHHEM
TEeMIIepaTyPHOro PeKHMa, OTYEro 3aTPaThl Tel/Ja Ha MPOLECC yBEJHUH-
Batorcsi. IIpH cTepuau3aluH u3OLITOYHHIH HarpeB MPUMEHSIOT MpH OT-
CYTCTBHH HH(ODMalUH O XapaKTepPHCTHKaX Temaoo6MeHa H COLEPKH-
Moe NeperpeBaloT AJs rapaHTUpOBaHHs KauecTBa NPOAYKUHH.
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Heobxonumuit Harpes ompenedsiercs TeNoBOM HCTOpHEH NPOAYK-
Ta, NOCKOJbKY YHUUTOXKeHHe GakTepHH — QYHKUHS KaK TEMIEepaTyphl,
Tak u Bpemeud. Tak, Hanpumep, Bbigepxkka mnpu 120°C B TeueHne
1 MHH maeT npuMepHO TOT ke 3dekTt, kak 100 mun npu 100 °C. Ilo-
CKOJIbKY 3TOT 3¢ deKT pe3ko HeqHHEHHBIH, TOYHOCTb H3MEPeHHS TeMIle-
paTypHl CTaHOBHTCS Bce GoJsiee BaXKHOM N0 Mepe ee PocTa.

B sTuX mpomeccax ucmoJibdyeTcs BOASHOH NMap AJAs HarpeBa M CTe-
PHJIM3aLUH C TMOCJELYIOLMM OXJaKaeHneM npoaykra. [Tosromy tenJo-

- flepelanoy § fude
Inexmposnepeud 0,27 Nlodawo

Nepluynan [:> nompesumeny
IHEPSUR 4,81
144 \ /
a)

Nomeprro Nonyvene a3 cmoxalb 0,54
npu SEREpaYUU (cOpockoe menng)
anexmposnepeat 0,73
CEpockoE mennooxnanGenue f NOMRPELCUORRSIT LUNS
buzamenn & sixnon 0,66, ,! ¢ Ju3enshsiM npuboion 407
Nepbuswarn — -~ N Joccmanoldnennoe
nepedr | Nomepu MEXIH Y- cbpocnoe menta
.0 O — flodang
b9z T Mexasuscan D a0 ’”’,’%’” A
—\)\ wowroems 0,26 1/
Nomepu
npu Bocmadre f r
7) #epmy 0,08

Nonyyese us cmonol 0,52
(xon=3)

Puc. 7.23. TloTokH 3HeprHH B TEMJIOBOM Hacoce ¢ 3JEKTPONPHBOAOM (a) H ¢ IPHBOAOM
OT JBHraTessl BHYTpeHHero cropauus (6).

Hudpbl yKasbBalOT AOMIO NePBHYHON IHEPrHH.

BOl HacoC JoJ/KeH OHTh paccUHTaH Ha MoJavy Mapa HH3KOrO JaBJeHHns
M HCHOJIb30BaHKe Tel1a OXJaXKAaloluX Kugkocteli. TeMnepatypa KoH-
JAeHCaUuuH JOJXKHa cyllecTBeHHO npeBocxoxutb 100°C, uto TpebyeT
TIlaTeJbHOro BbI6Opa XJajoareHta — paboyero Tena TenaoBOrO Haco-
ca, a TaKXe ONTHMH3alUHH CHCTEMBl MPHBOZA Kommnpeccopa. Ha npak-
THKE INIPUMEHSEeTCA M 3JeKTPHYeCKHH, M Ta3OMOTODHBIH NpHUBOA: mep-
BB HMeeT 6oJiee HH3KYIO CTOMMOCTb, a BTOpO# ofecneunBaer GoJee
3t deKTUBHOE HCMONb30BaHHe NePBUHYHONA 3Hepruu (puc. 7.23).

PaccmarpuBaetcss BO3MOXKHOCTb TDHMEHEHHS TEMJIOBBIX HAacOCOB,
CPAaBHHTE/bHO HeGOJBIUIHX N0 MOILIHOCTH, C TeMIlepaTypoil KOHAeHca-
uuu 120 °C u MCTOYHHMKOM Temjia — ropsiveir Bomoit npu 70—80 °C.
IpuBogom cayxuT rasoBblii  ABUraTesp MoliHocTbio 75 kBT, Hiuxe
NPHBOXATCS pPE3YJbTaThl HCCAENOBAHHS, NPOBEJEHHOTO MO NOPYUYEHHIO
EBponefickoii 3xoHOMHYecKo# koMHccHu [26].
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Ta6aunuwa 7.9. JaBreHue XAag0areHTOB

XnapoareaTsl Oasneuue, MIla
- Omomexge

WMudp Ha3spanuue u:(a&)s)ggz)m Ha(lggxg(g)ue AaBaeHH
717 Ammuax 2,8 6,6* 2,4
40 MeTHaxa0opun 1,36 45 3.3
764 JIByoKuco cepsl 1,0 4,0 4,0
630 MeTuaaMun 1,02 3,85 38
600a H3zobyran 0,86 2,9 34
600 Byran 0,64 2,2 3.4
114 Inxaoprerpadropstan 0,57 2,05 3,6
21 Huxnopdropmeran 0,52 1,93 3,7
160 StunaMud 0,49 1,90 3,9
631 DTHAaMHH 0,44 1,85 4,3
11 TpuxaopdropMeran 0,32 1,22 38
611 Metundopmar 0,26 1,19 4,5
30 Metuaxsaopun 0,20 1,05* 5,3
610 Sruaoseifl 3bup 0,23 0,99 43
1130 JuxnopsTuien 0,15 0,69 46
113 TpuxJopdropMeran 0,15 0,60 4,6
1120 Tpux/op3THACH 0,04 0,33* 8,3
718 Boaa 0,02 0,2 110

* JKCTPanoJHpoBaHHblE 3HAYEHHS.

Buibop xaadoacenta. Tpounblil onbIT He XaBaj OCHOBBL AJs BBHIGO-
pa XJaj0areHTa, MNOCKOJbKY PaboT, MOCBALIEHHBIX YCTaHOBKaM C TaKH-
MH BBICOKHMH TeMIliepaTypaMH, OblTIO OueHb Mano. ExpuHcTBeHHOe
HCKMoYeHHe — TemmoBol  Hacoc «Westinghouse Templifier», o koro-
pOM 1moiizeT peub B 0. 7.4.2.

Bolau paccMOTpeHBl BCe XJafOareHThl, MPUrOAHbe AJd paboThl Ipy
BHICOKHX TeMnepartypax. IIpu 3agaHHOH TeMmmepaType KOHIeHCAalHH
120 °C nepBuiii KpuTepHit 0T60pa COCTOUT B TOM, UYTO KPUTHYECKAs TeM-
nepaTypa XJajoareita AoJxkHa GbiTh Bhiule 120 °C*,

Bricokasi TeMmepaTypa KOHAEHCALMH HCKJAIOYaeT HCIOAb30BaHHe
o6bluHbIX XsagoareHToB R12 u R22. O6s13arenbHble KpUTepUU BHIOOPA,
yKe o6CcyKaaBllHecss B IV. 3, BKJIOYAIOT BBICOKYIO TEPMHYECKYIO CTa-
OHJIBLHOCTb, YMEpPEeHHOe [aBJeHHe KOHAEHCAlUH, BBICOKYIO CKPBITYIO
TeNJIOTYy KHIEeHHS W HHU3KYI0 BA3KocTb. OKOHYaTeJabHBIH BHIOOD XJal0-
areHTOB INpeACTAaBJseT KOMIpoMHuccHoe pewenne. Hapsaay ¢ temnepa-
Typo#t KoHzeHcaunu 120 °C 3anaercsa u teMnepaTtypa ucmnapenus 60 °C,
H IO HHUM BBIYHCJAIOTCA OTHOLIeAHe AaBJeHUH B KOMIpeccope H AaBJie-
HUe KOHAeHcauuu (Tabsa, 7.9).

* Croan KaTeropHieCckoe BBICKA3biBAHHe MNPEACTABAAETCH HeoBGOCHOBAHHBIM, n6o
nofofHO NpAMbLIM (JHepreTHUecKHM) LHKAam PeHkHHa npH CBepXKPHTHUECKHX Iapa-
MeTpax BIO/IHE BO3MOMKHE 3((eKTHBHbIe OOpaTHble UHK/IH NPH CBEPXKPHTHUECKOM
Aasaedun, — Ilpunm. nep.

= (9] -



Ilpu nyqmem xJaagoareHte JAaBJeHHe KOHZEHCAUMH TMOJy4aercs
yMepeHHHM. B npoTHBHOM caydae TpeGyeTcss NOBHILIEHHe NMPOYHOCTH
KOMIIpeccopa, YTO BHI3bIBaeT ero yxzopoxanue. ITocae KoHCyabTaunuu c
H3TOTOBHTENSIMH KOMIIDeCCOPOB OBl NPHHAT BEpPXHUH Ipemes AaBJje-
Hus 2,1 MIla. Otor KpuTepuil HCKJIIOUaeT TakKHE XJaf0areHThl, Kak
aMMHaK, ABYOKHCb CepH H METHAXJODPHA, KOTOPHE MIHPOKO NPHMEHs-
I0TC B NPOMBILIJIEHHBIX XOJIOAMJbHHX YCTaHOBKaX, HO HMEIOT JAaBJie-
HHe KOHAZCHCAUHY IPH paccMaTpHBaeMbIX ycJOBHAX Bbille 5 MIla.

OcTanbHble XJagoareHTHl — OPraHHYecKUe COeRHHEeHHs, TNoJayyae-
Mble u3 yraeBogoponoB. Cpenn HHX BOZa HpeICTaBJseT BeCcbMa HHTe-
pecHoe HckJoueHne. Hu opMH H3 HUX He MMeeT IIMPOKOro NpHMEHeHHs

2 [T ke A"
- -~
’ I /‘/7/27// Puc. 7.24. 3aBHCHMOCTL AaBJCHHS OT
12 > e TeMNIepaTypsl XJajoareHToB, I[PHIOA-
I / /ﬁy HBIX JAJI1 BBICOKOTEMIIEDATYPHBIX  Tell-
48 = JIOBBIX HAcOCOB: IYHKTHD — TeMiepa-
74 —y ﬂ_"_’.—--———' Typa BCachIBAHHA.
17 80 00 1z 1%

B TakoM Macumtabe, kak R12, R22 nau amMMuag, mnostomy AaHHble of
HX CBOHCTBaX KaK XJaJ0areHTOB OTPaHHYEHH, a B psAfe CIyyaeB HX
IIPOCTO He cylllecTByeT, ocobenHo aas 120 °C.

BaxHbpiM KputepueM 1Js1 BHIOOpPA M3 OCTABIIMXCHA XJajJCareHTOB
ABJsIETCA B3pBIBOOE30MacHOCTb. B HEKOTOPBIX cJayuasX NPOMBIIJIEH-
HOTO NMPHMEHEHHSI BaXKHOCTh 3TOTO KPHTEPHs CHHXKAeTCH, HalpHMep
KOTZla Ha TPOMBIIIJIEHHOM IIPeANDHATHH NPUCYTCTBYIOT OrHeONacHHIEe
JKHAKOCTH M Tasbl U yTeUka XJaJoareHTa He MOBHILIAET PHCKA NOXKapa.
YTeukH XJagoarenta B aTMochepy, a c/ef0oBaTeNbHO, H BEPOSITHOCTD
B3DblBa YMEHbIIAKOT MyTeM YJy4YLIeHHs YIJIOTHEHUH, XOTS ITO H BBI3HI-
BaeT 3aTpaThl. DTUJAXJIODPH, IPOU3BOAHbIE METH/IA H AHXJODITHJIEH H3-
3a B3PLIBOOMACHOCTH H3 PAacCMOTPEHHA HCKJIOUAITCA.

Hnast panpHefilero paccMOTPeHHs OCTalOTC TOJBLKO TaJioOreHHPO-
BaHHBIe YIVIEBOLOPOAB W BOZa. B cBsA3W ¢ orcyTcTBHeM HH)OpPMaUHH
JJIT MHOTHX COeZMHEHHMH HHUXKe MOAPOGHO pPaccCMaTPHBAIOTCA TOJBKO
R11, R2l, R113, R114 u Boga.

3aBHCHMOCTb ZaBJEHHSI OT TEMIIePATyphbl AJS YIOMSHYTHIX YeThIpeX
XJaJoareHTOB 1loKa3aHa Ha pHc. 7.24. K kaxkaoMy H3 XJaZoareHTos

. MOXKHO JaTb CJACAYIOIHHA KOMMeHTapHIL.

XnagoareuT RiIl. OCHOBHOH HELOCTATOK — BHICOKAS TEMIeEpa-
Typa nocJje komnpeccopa (141°C), uro Moxer BbI3BaTb TepMHUecKoe
HJAH XHMHYecKoe paspylueHue coenudenns. 3uayenne KOIT (3,9) xo-
BOJIBHO BHICOKO, a 00'BeMHBIH pacxol AONyCKaeT MPUMCHEHHE KaK NOp-
HIHeBHIX, TAK H LeHTpPoOexkHbIX KomnpeccopoB. CTeneHb cxKaTusi H LaB-
JeHHe KOHAEeHCALUHH He NMPeACTaBASIOT NpobJeM.

Xnanoareur R2l. Hmeer paxe 6oJee BBICOKYIO TeMIepatypy
Aocse komnpeccopa (154 °C), u nmo3ToMy ero craGHABHOCTL MpPeACTaB-
A8eT 0osbyo npobieMy, uyeM y RI11l. Pacxoanble XxapakTepHUCTHKH
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XOpolIHe, TOITOMY TPeOYyIOTCS CpaBHUTENbHO HeGoJbIIMEe KOMIpec-
copsl, KOIT — oanH u3 JAyuumiux, CTeleHb CXKaTHA He NpeJicTaBasieT
npobseM,

Xnagoarent RI113. O6bemunit pacxon Benuk (0,216 m3/c), uto
BTpOe BHIE, yeM y R21 u R114. [Toatomy ero ucrnoan3oBaHue B MOp-
IIHEBBIX KOMIIPeccopax BBHI3bIBaeT TPYAHOCTH. B0O3MOKHO NMpuMeHeHHe
B HEHTPOOEXKHBIX KoMIpeccopax Goabliofi MoliHocTH. Ero mpeuMylie-
CTBOM siBJseTcst Bbicokoe 3HaueHue KOIT, Huskue gaBseHue u Temne-
paTypa Toc/Je KOMIpPEeCcopa, YTC CHHIKAET OHACHOCTb PasjokKeHHs
XJlajoareHTa.

Xnangoarenrt R114. HauMmenbuias teMnepaTypa mocje KoMmpec-
copa H, CJeZOBAaTE/]bHO, HauMeHblIass ONMAaCHOCTb pas3JyiokeHHs. TakoH
XKe 00beMHBI pacxoX, Kak y R21, d, ciaenoBaTtesbHO, Takue Xe Mpo-
6aeMbl ¢ pa3amepaMu Komnpeccopa. HanGoablilee gaBienne Ha BXOZe B
rkomnpeccop (0,57 MIla), uto BBI3bHIBaeT MNOBHILNEHHYIO HAaTPy3Ky Ha
YNOPHBIA MOAUIHIIHHK BaJja KoMmpeccopa. JlaBieHHe nocje KoMIpec-
copa (2,05 MITa) takxe HanGosee BbICOKOe, MpHO/MIKAIOILeecs K Tpe-
geny Aasi OOJIbIIMHCTBA KOMIIPECCOPOB, a B HEKOTOPBIX CcJayyasix H
nNpeBOCXoAsllee 3TOT npepgey. CTenmeHb cXXaTHs caMmast HH3Kas M ca-
muift Huskuit KOIT (3,19).

Bona (R18). Mmeer nauboavmuit KOI1 (4,1) 6aaromapst 60.b-
oK CKPHITOH TemsoTe. Jlpyroe 3HauMTeqbHOE MPEUMYILECTBO — BBICO-
Kasi TepMuyYeckKas CTabHAbHOCTb B CPaBHEHHH C [aJOreHOBOAOPOAAMH.
Onnaxo temnepatypa nocsae komnpeccopa (412°C) n0BoNbHO BeJMKa,
4TO BHI3bIBaeT NpolOjeMbl Bblfopa MartepuasoB Kommnpeccopa. O6beM-
HBIH pacxoi oueHb Beauk, B 4 pa3a Bbile, yeMm y R113, uto tpebyer
ApHMeHEHHs OO0JbLINX HEHTPOGEKHBIX KOMIPECcCOpPOB, a BLICOKOE OT-
HomeHHe AaBaeHuil (10) — MHoroctyneHuyaThX KoMnpeccopoB. Huskoe
JaBJleHHe BO BcachiBalollefi TpyOe BBI3BIBaeT ONACHOCTb MPHTOKOB H3
at™Mochepsl.

OcCHOBHOH pe3yJbTaT aHa/AH3a LUUKJIOB COCTOMT B TOM, YTO HH OIHH
H3 MATH PACCMOTPEHHBIX XJaf0areHTOB He SIBJSETCS MAeasbHO MOAXO-
AALIMM [Jis TIOCTaBJeHHOH 3afgauu. Kaxabplfi xJafoareHT co3naer mpo-
6nembl. Bona mnpencraBasier uHTepec AAsi MPHMEHEHHs B OYeHb MOLI-
HBIX TENMJIOBHIX Hacocax ¢ GOJbUIHMH LEHTPOGEKHBIMH KOMIIPECCOPAMH.
Hsyuenne mpo6neM, BHI3BAHHBIX BBICOKOM TEMMepaTypoll cxkKaTHs H
GoNbIIMM OTHOLIEHHeM AaBJjeHHH, morpe6oBano 6bl GoJbliie BPeMeEHH,
yeM OBIIC OTBEAEGHO Ha NMPOEKT, MO3TOMY BOZa Obl1a HCKJOYEHA H3
PacCMOTpEHHUA.

Jast BLI6OPa M3 OCTABLIMXCS BELNECTB OblJ MPHMEHEH AONOJHHTENb-
HBII KPHTepHHl — TepMuueckKasd W XHMHYECKas CcTaGHABHOCTH NpPH BbI-
cokoil Temnepatype. [Ipu temnepartype konmencauuu 120 °C pasaoxe-
HHMe KaKOH-TO ZOJM BellecTBa Heu30eXKHO, H ero NPOAYKTH MOTYT BHI-
3BaTb KOPPO3HIO MJIM yMeHbIUHTb 3¢ddekTUBHOCTh LHKJIa. Kpome ToOTO,
BO3HHKAIOT NpPO6JeMbl H3-332 MOBLILIEHHST PAaCTBOPDUMOCTH XJajfoaref-
Ta B MacJe H NOBBIIEHHA CKOPOCTH THAPOJH3a, YTO OCOOEHHO CYIlecT-
BEHHO IIPH BHICOKOH TeMImepaType CxKaTHs.

_ PactBopuMocTh XJafoareHTa B KOMIIPECCODHOM MacJ/e 3aBHCHT
OT TeMnepaTypel. Uem GoJbllle PacTBOPEHO XJAafoareHTa, TeM CHJbHee
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H3MeHSI0TC CBOHCcTBA MacJja, B 0COGEHHOCTH CYLLEeCTBCHHO MafeHHe
BA3KOCTH. Ecau BsizkocTs cHuxkaercss go 1072 Ila-c H HHXKe, 3aTPYAHSA-
eTcsl CMa3Ka MOAIIMMHHKOB. [ CHHXKEHHS KOJHYeCTBAa PAaCTBOPEHHO-
ro xJiajoareHta 3ayacTyl0 BHYTPH KOpIyca KoMIpeccopa YCTaHaBJIH-
BAlOTCA cleuuanbHble HarpeaTead. [IpH BrICOKHX TeMNepaTypax XJa-
JOareHT B3aHMOZeHCTBYeT ¢ MaciaoM ¢ o0pa3oBaHHEM YriepoAcoiep-
KalllMX 3arps3HeHHH, a B HEKOTOPHIX CJAY4asiXx H KHCJOT. 3arpsi3HeHHs
YXYIIUIAI0T CMa3bIBAIOIYI CHOCOGHOCTb, a KHCJOTHl BBI3BIBAIOT KOP-
pO3HIO.

OTHOCHTENBHO COAEPXKaHHS BOAbl CJeLyeT OTMeTHTb, YTO BOJa B

 IpHHLIUNE He JOJKHA NPUCYTCTBOBATh B CHCTeMe, OAHAKO HeboJblloe
ee KoJH4ecTBO HeM30eXKHO MPHCYTCTBYET M IIPH BHICOKHX TeMIlepaTypax
BCTYNaeT B PeaklHio THAPOJH3a C XJagoareHToM ¢ o6pa3oBaHHeM KOp-
PO3HOHHO-aKTHBHBIX KHCJOT. DTta mnpobieMa cBoiicTBeHHa BCeM XJa-
LoareHTaM, 4TO He jgaerT OCHOBaHHH Ajs BbiGopa. Pellenue npobeMhl
COCTOHT B YCTAHOBKe OCYIIAIOIIUX YCTPOHACTB B KUAKOM XJiaJoareHTe,
YCTPaHSIIOIHX BOAY W KHUCJAOTH. st 3TOro HCmoab3ylOTcs aKTHBHPO-
BaHHbIE OKHCJbI aJIOMHHUS H CHJIHKArenb.

CorslacHO MOJNyYeHHBIM JaHHHIM, aJOreHOBOJLOPOAHBIE XJadOareH-
Thl BHI3BIBAIOT CYIIECTBEHHOE pa3pylleHdHe IJIacTHKOB H 3JacTOMEpOB,
N03TOMY AJSl KaXKHZOH KOHKPETHOH JXHIKOCTH HeoO6xoAuMo NoAGupaTh
CBOH KOHCTPYKIHOHHBIE MaTepHaJbI.

XaafoareHT TakkKe pearHDYeT W C METasJiaMH, HO NIPH MaJblX TeM-
nepaTtypax CKOpPOCTb peakKuuu mnpeHeGpexkumo maja. OZHAKO KOHIeH-
cauus npu 120 °C npHBOAMT K NMOBBILIEHHIO CKOPOCTH PEaKIHH H BO3-
HUKHOBEHHIO Np0GJeM, CBS3aHHHX ¢ spo3uell. [IpuMeHeHHe LHHKa,
MaTHHST H aJlOMHHHS, cogepxKalllero 6osee 29 MarHus, B KOHTaKTe
C raJIOreHocoJep:KallluMH XJIafoareHTaMH He peKOMeHAyeTcsl NP JHOo-
6LIX TeMnepaTypax.

Tepmnueckas crabuibHOCTL — HauGosiee BaxKHBIH (aKTOp B OKOH-
YyaTteJbHOM BhIGOpe XJagoareHTa. Kak caMHu XJgajoareHTsl, Tak H IO-
CJeACTBHS HX Da3JIOKEHHS BecbMa JOpOrH. JTta mnpobsiemMa MHOTO-
IJ1aHOBA, TIOCKOJbKY XJaf0oareHThl paspyllaloTcss He TOJbKO IOX BO3-
HXeHCTBHEM BBICOKOH TeMMepaTyphl H H3-3a DeaKHHH C Da3JHYHBIMH
MeTdJJIaMH H MacaoM. CKOPOCTh peaKuuil ¢ pas3jHYHBIMH MeTajjiaMH
pa3juyHa, ¥ MO3TOMY B CPaBHEHUSX YYHUTHIBaeTCi HEKOTOpas ycpel-
HeHHasl CKOPOCTb peaklHH. M3-3a orpaHu4yeHHOCTH BHLICOKOTEMIEpATyp-
HBIX NMpUMeHeHHH KaHHHIX o pasaoxeHunu R11, R21, R113 n R114 npu
BBICOKHX TeMIlepaTypax HeMHoro. TeM He MeHee 3akJiloueHue 00 OTHO-
CHTeJbHOH CTabMABHOCTH XJaJoareHToB ciejatbh MoxkHo. PHpMa
Du Pont PeKOMeHyeT paboune TeMINlepaTyphl, yKa3aHHbIe
B Taba. 7.10.

ITH AaHHble OBUIH MOJYYeHbl M3 CEDHH HCNBITaHHE ¢ o6pasuaMHd B
repMeTHYHbBIX Tpy6kax. IlogoGuble uccaeqoBaHus npoBefeHnl ITapme-
Ju. B HHX XJazoareHT UCNOBITHIBAJCS MpPH Pa3HHIX TeMIepaTypax B NpH-
CYTCTBHH He(TAHOTO MacJ/a, aJIlOMHHHS, MeIH U XKeJe3a.

Ony6/HKOBaHHBIE JaHHble O CTaGHJBHOCTH XJaJ0areHTOB HaloT
pasHble 3HaYeHHs A/ CKODOCTH PasJjioXKeHHs B 3aBHCHMOCTH OT MeETO-
Ja UCNIHITAHHMH, PHCYTCTBYIOUIMX MaTepHAJIOB U BpeMeHH HabJ0neHu,
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OnHAKO KAYECTBEHHBlE 3AKNIOUEHHA OO0 OTHOCHTENbHOH CcTaGHJIBLHOCTH
OHH BC€ JKe INO3BOJAIOT cllenath. Haubosee cTOfKMM NpeicTaB/AeTCH
R114, yro, BeposiTHO, 00biAcHseTCcsE 6oabLIoN gonel dropa B MoJexy.e.
ITockonbKy ¢ TOD — 3JEKTPOOTPHUATENbHBII 3JeMeHT, B MOJeKyJe
06pa3yioTcsl CHJbHBIE NMOJASPHBlE CBSI3H, 4YTO AejaeT ee GoJjiee cra-
6UJbHOH.
Caenyolmnm no crabuapHoctu cunrtaercss R113, 3a wum — RI1I,

HanMeHee cTaOUAbHBIA U3 HHX R21. CBsi3b MeXAYy CTaOUJ/BHOCTBHIO Mo-
JeKyJibl H cofepxaHueM ¢propa moKazaHa HHXKe:

Xnajpoarentsl B nopsinke crabusawdoctn . . . . 114(4) 113(3)
KoanuecTBo aTOMOB (TOpa B MOJeKkyJe . . . 1y 211

Bce pacuerbl moxasaJid, YTO TeMIepaTtypa CXKaTus JJst Pa3JHUHBIX
XJ1a/l0aTeHTOB BbllI€ MAaKCHMAaJbHBIX TEMIEpPaTyp, PeKOMEHAOBAHHBIX
IJs HenpepoiBHON paborbl. DakTuyecKH TeMIepaTypa CKaTHS XOTs
H ABJASETCAd MaKCHMaJbHOH B LHKJe, IeHCTBYeT B TeueHHe MaJof N0JH
BpeMeHH paboThl Bcell cucteMbl. TeM He MeHee, IOCKOJBKY Pa3foxeHHUE
XJajoareHra sBJsieTCsl TJIaBHOH Npo6JeMOHd TemJOHAaCOCHOH YCTaHOB-
KH, peKoMeHIAyeTcs BbIOUpAThb XJagoareHTH, HaubGonee cTabuJabHbIC
fIDH ZaHHBIX ycaoBHsX paborhl. B taba. 7.11 ykazaHa pa3HoOCTb MeXAY
pacyeTHOH TeMNepaTypoH CXKaTHs H MaKCHMaJbHOH PeKOMEeHAOBAaHHOH
TeMIlepaTy pos.

Ta6nuna 7.10. Tepmuueckasn Ta6nuua 7.11. CoorHomenne
CTOMKOCTh XJaA0aFeHTa MeXJy TeMnepaTtypoit cxxartus
H PEKOMEHAOBAHHON TeMNepaTypoil
MaxcuManibHas ggg?:}{c:: 33:‘ Temriepatypa, °C
Xaapoarenr ;::;:g:gzg; 200 °C Xnapo- Pasnoctn
paboTH, °C €O CTabIo, aresr peKoMen- |TeMIepaTyp
% B rog CXKaTHf AopanHast

113 107 6 114 125 121 4

11 107 2 113 133 107 26

114 121 1 11 141 107 34

21 121 HeussecTHo 21 154 121 33

R114 pa6oraer npu TeMnepatype Ha 4 °C Bblllle peKOMeHJOBaHHOI,
TOTAA KaK Apyrue XJajgoareHThl — He MeHee uyeM Ha 26 °C. C Touku®
3peHHus cTabUJBHOCTH XJaJoareHTa OYeBHAHBI npenMyulecTBa R114,
0JHAKO y Hero HauxyjallHe TepMOIMHaMHYeCKHe CBOACTBA M OH Tpebyer
BbICOKHX maBaeHufi. Caenyoliee mo ctabuibHOCTH BelllectBo RI113 —
0JHO M3 JYYUIHX B TEPMOZMHAMHYECKOM OTHOLIeHHH, TpeOyeT HH3KHX
JdaBJleHHH H XOpOILIO COrJacyercsi ¢ IpHMeHeHHeM LeHTPOOEeXHBIX KOM-
npeccopoB B TEIVIOBHIX Hacocax 60JbLIOH MOLIHOCTH.

OxoHuatesbHBII BBIGOp XJafoareHTta nposoaurcs Mexay RI113 n
R114. IlepBoift 6ymeT nmpuUMeHSATbCA B LeHTPOOEKHBIX KOMIpeccopax, a
BTOPOH — B MOPIIHEBOM KOMIIpeccope ¢ Ta30MOTOPHBIM TIPHBOLOM Ha
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Tabauua 7.12. XapakTepHeTHKM XA2L0ATEHTOR

XapaKTepHCTHKA R114 Ri13

[Tpeumymectsa | [Topnulennass TepMHyeckast cTa-|Huskoe naBieHHe CXKATHS
GHAbHOCTD Bricokuit KOI1

Hepocratku 1. Beicokoe paBnenue rtpeGyet|l. Bricokas cremesb CxKaTHS

: yTsxKeneHus TpyGomposofoB H| Tpebyer GoJjee MODOTHX MHO-

KopIyca KoMmpeccopa FOCTYNEHYATHIX LEHTPOGEKHBIX

KOMIIPECCOpoB

2. Buicokoe pmaBsenue Ha BxoAe}2. Huakasa TtepMmuuyeckasa cTa-
HOBBILIIAET HATPY3KY Ha YHOP-] OGHJABHOCTb MOXeT BH3BaTb
HbIl NORIUMIHHUK TOPIIHEBOro| KOPPO3HIO B CHCTEMeE
KoMIpeccopa

3. Bonpwas pasnocte Rasienuii3. OGbeMHBI PacXof CJHIIKOM
BHI3LIBAET IOBHILUEHHHE HAmMpsi-| BeJMK AAs TNOpUIHEBHX KOM-
JKeHHS H yTeukH B KOMIpecco-| npeccopoB

pe

75 xB1. OTHOCHTE/NbHBIE NPEUMYLIECTBA U HENOCTATKH XJaL0areHTOB
CyMMHpOBaHH B tabJ. 7.12.

Boibop komnpeccopa. B ra. 3 yxke paccMaTpPHBAJUCh THIB KOM-
NPeCcCOPOB H HX XapaKTepHCTUKH. JJIsi KOHKPETHOTO TEXHHYECKOro NpH-
MeHEHHS] OKOHYATEJbHBIM KPHTEPHEM BbIGOPAa CJAYXKHT CTOHMOCTb.
B paccmarpuBaeMoM NpoeKTe AJisi MOLIHOCTH 75 KBT, ecTeCcTBEHHO, BHI-
6paH nOpUIHEBOH KOMIIpeccop ¢ BJAaXKHBIM pexuMoM pabotsl. LleHTpo-
6exxHBIH KOMIIpeccop NPH TaKOfl MOUIHOCTH Ype3MepHO JOpOr, OH CTa-
HOBUTCS KOHKYDEHTOCNOCOGHBIM NpPH GOJBIINX MOUIHOCTSAX.

TexHnueckne npo6JjeMbl, CBI3aHHBIE C BJAXKHBIM DeKUMOM paboThl
KOMIIpeccopa, peiaioTcs OOGBIYHBIMH TeXHHYeCKHMH cnocobamu. IIpo-
6.1eMa BBIXJONMHBIX KJanaHOB, paboTalolHX NPH MaKCHMaJabHOH TeMIe-
patype uukiaa 125 °C, He 6osee cj10:XKHa, YeM NPH HCHOAb30BAHHH OObIY-
HHIX XJaJ0areHToB ¢ TeMnepaTtypoit KouaeHcauuu 60—70 °C, wo npu-
MEpHO TAKOH kKe MaKCUMaJbHOH TeMIepaTypoH HHUKJA.

Ilpennaraercsi npuMeHsTH BHICOKOBA3KOE MAacjo, NOALEp:KHBAEMOE
npu temneparype 90—100°C, Bo u3bexaHue UYPE3MEPHOro pa3XKH-
JKEHHS,

. T'azosouii dsucareas. Beibop aBuratenss obeyxnancs B 11 3. JKo-
HOMHYHOCTb Ta30MOTODHOTO TIIPHBOJA  TNOJHOCTHIO  ONpelessercs
HCIOJb30BaHHeM cGpocHoro Temsa pABuratets. Ecan 3HaYHTeNbHYIO
YacTb 3TOTC TemJa He Hcnmoab3oBath, To KIID Oyzer cauimkoMm
HHU3KHM.

IlepBeiM n HauboJiee BaXKHBIM NOKAa3aTeJe€M KOHCTDYKLHH SBJISET-
cs repmudeckuil KITJ nBurarens. OH pasnuyeH AJs pa3HBIX ABHrare-
Jeit (ra3oBnix TypOHH, Au3enel, ra30BHIX NOPIIHEBBIX), 4 TaKXKe 3aBH-
CHT OT CKODOCTH H Harpy3KH.

B paccMarpuBaeMoM cJyvae BeIGDAaH YeTBIPEXTAKTHHIH MOPIIHEBOH
JBHratesnp 6e3 HajgayBa ¢ oxuaaeMblM Tepmuueckum KII 31%.
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Tlpu yactuunodt Harpyske KIT[ usMmeusiercst B 3aBHCHMOCTH OT BO3-
MOXKHOCTH PEryJHpOBAaHHS CKOPOCTH. EciiM OHO HEBO3MOXKHO, TO MOII-
HOCTh CHHXKAETCSl NYTeM JPOCCENHPOBAHHUS IPH NOCTOSHHOH CKOPOCTH.
IIpu nocTosTHHON CKOPOCTH YAedbHBIH pacXoj TOIJIHBA BO3pacTaeT MpH
CHHIKEHHS HArpy3ku. Eciau ke CKOpOCTb CHHIXKAETCH, TO M YAENbHHH
pPacxol MOXET HECKOJbKO YMeHbLIHTbCA. [/ paccMaTpHBaeMoil ycra-
HOBKH NpHHAT TepMuyeckuit KI1J(=319% npu Bcex pexxumax.

OcraBinecs 69% 3atrpayeHHO#t 3HePruH cOpacHBAIOTCS B BHIE Tel-
Jla BHIXJIONMHBIX T430B, OXJaXJalouied BOAB!, OXJaXKAEHHS Macja |
H3JIY4eHHs], COCTABJSIOMNX Caelyolue npoueHTHeie xoau 28, 30, 3 u
8% coOoTBETCTBEHHO.

| boda % 2

Puc. 7.25. TennooGMeHHUK aJs HCNOABL30BaHHS cGpocHoro
TeNsa B TeNJIOBOM HAcocCe C ra30MOTOPHEIM NPHBOLOM.

Brxsonuse rasu ¢ pacxogoM 0,1 xr/c uMeior temnepatypy 650 °C.
[Honesnoe tenao (oxono 47 kBT) MOXKHO HCNOJB30BaTh IPH HX OXJaXK-
aenu# 1o 180 °C. 910 3HayeHHe TeMIepaTyphl BeIGpaHO MO ABYM COOG-
PaxKeHHAM: JJIS HCK/IIOUEHHS KOHJEHCAIlMH M YMEHbIUIEHHS pa3MepoB
Tenyoo6MeHHHKAa. KOHAeHcanusl BBIXJONHBIX Ta30B ONpeNeJeHHO IIpo-
ucxoaut npu 100 °C, a MoxeT GHITh H BHILIE B 3aBHCHMOCTH OT BJaX-
HOCTH TI'a30B.

®opMa TenyaooO6MeHHHKA 3aBHCHT OT €r0 Ha3HauYeHHsS: HarpeB BOIH
HJH FeHepauHs napa. B cayuae BriCOKOTeMIepaTypHOrO TeNJIOBOTO Ha-
coca Tpebyercss MPOH3BOJACTBO Napa HH3KOrO JAaBJeHUS H, CJael0Ba-
TeJNbHO, TeMJOOOMEHHHK KOHCTPyHpyeTcsl Kak kores. Hambosee pac-
NPOCTPaHEHHOH KOHCTPYKIHEH SBJseTCS KOXYXOTpyOHas ¢ yBendHde-
HHEeM NOBEPXHOCTH TPyO CO CTOPOHBI BHIXOAA ra3oB. Kak H B KOHAEH-
catope, HeOGXOAUMO peryJHpoBaTb ypOBeHb BOJAB H AaBJIeHHE Nlapa.
[THTatenbHON BOLOH CJYXKHUT BO3BpailaeMsiii KonzgeHncat (puc. 7.25).

Okono 80 kBT TenJa noJyuaioT B BOASHON pyballlke OXJaKAeHHA
IBHraTe s ¥ NMPH OXJa’KIeHHH CMa304YHOr0 Macjaa. To TeIJIo AOJKHO
6blTb OTBeAEHO BO H36exaHHe meperpeBa ABurarens. Ecau orsox rem-
Ja npoucxoguT npu rteMneparype 110—120°C, 1o ero MoxHo A00a-
BHTb K TeIJly OT KOHIeHcaropa. Ho eciu aBuraresib, Kak 3TO yallue
6niBaet, oxJaaxaaercsa Bogod a0 80—90 °C, To 3TO TelI0 3HAYHTENbHO
MeHee UeHHO. TeMmmepatypa OmpejeJseTcs MO COMJIaCOBAHMIO C H3ro-
TOBHTEJISIMH ABHTATENS.
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UtoroBoe pacfipereseHne 3HEPruH B YCTAHOBKE ClaeAyolee: fo-
Je3Hasi pa6ora — 31, noJe3Hoe HCHOJAb3yeMoe cOpocHOe Tenyao — 49 H
HeHcmogab3yeMoe Temno — 20%. Boabluoe KOAUYECTBO NOJE3HOI'O TEMJia
MOJKHO NOJIYYHTb NIPH HCApPUTEIbHOM OXJaxKIeHHH, HeoOXOAHMOM A
9KOHOMHYHOCTH YCTaHOBKH. Ho HcmapuTesbHoe oxJa)caeHue tpebyer
6oJiee 1OPOrHX ABUTraTesell, yeM obBYHOe.

Pexomendyeman cxema ycranosxu. TepMoLHHAMHUECKHH pacyer
aas xnapoaredra R114 npu teMnepatype kuneHuss 60 u KOHJeHCalUH
120 °C paer caepyioliliie NOTOKH TeNJa: Ha BbIXOJe H3 KOHAeHcaTopa —
239, Ha BXoZe B HcHaputeab — 164, NPOMEXKYTOUHBIH TEHI0O0OMEH-
HUK — 31, MouiHocTh KoMupeccopa — 75 kBr, KOI1=3,19.

Kounmencarop Bbizaer map npu 110, a ucmaputenp HarpeBaercs
cOPOCHBIM NOTOKOM ¢ TeMnepatypoit Boast 80 °C. PaxTHyeckas TeMmime-
patypa NMpOH3BOJHMOIO Napa 3aBH-
cutr ot KIIH remaoo6MeHHHKOB.

Ecan 6yner HalieHO BO3MOKHEIM
nepegatrs 239 xBr npu pasHocTH
teMmnepatyp 5°C, To Temmeparypa
napa nosnicutcst 10 115°C. Ho ecau

Puc. 7.26. Cxema ra3oMOTOpPHOrG TeMJo-
BOro HacoCa C HCNApHTEJIbHHM oOXJaXje-
HHEM JABHTaTENd, |

1 — ucnapuTeAbHOE OXJaXKIEHHE ABUraTens; 2 —
BO3BpAT KOHAEHCAaTa; J — BOASIHOK map; 4 — Bbi-
XnOTM; 5 — JBUraTeNb; 6 — KOMAPECCOp; 7 — KOH-
AeHCaTOp; 8 — OTBOA Temsna oT Macaa; 9 — npo-
MeXYTOYHBbIt TenNIOOGMeHHHK; [0 — HUCapHTEND,

pasHoctb Temneparyp Oyaer 15°C, To TeMmepatypa mnapa — TOJbBKO
105°C. B mo6oM cayuae xsnafgoareHT KoHmeHcupyercst npu 120 °C, uto
B HACTOslllee BPEeMs CUMTAETCS BEPXHUM IIpelesoM, OrPaHHUHBAEMBIM
MaKCHMaJbHBIM JaBJeHHEM KOMIIpeccopa.

Cxema pexomenayeMoro Hacoca nokasasa Ha puc. 7.26. Temmepa-
TypPa HCNAPEHHsl PEryJHPYeTCs PACUIHPHTENbHBIM KJIaNaHOM H 3aBH-
cut ot KIII nmpomexxytoysHoro Temnoo6MeHHHKAa. DTa 3aBHCHMOCTD
00yCJIOBJIEHa TeM, YTO TeMIepaTypa Ha BXOIe B KOMIIPECCOP COCTABJISA-
et okoso 73°C, 1. e. 60°C B ucnapurese mmoc 13°C — neperpes B
NPOMEKYTOYHOM TelooOMennuke. Ecan addeKkTuBHOCTL 3TOrO TEMJIO-
06MeHHHMKA GoJlee BbICOKA, TO HCIAPEHHE MOMKHO NPOH3BOIMTH, HATIPH-
Mep, npu 55 °C u nasaenun 0,5 MIla c neperpesom Ha 18 °C.

IIpomexxyTounblil TenooGMeHHHK (Ha3bIBaeMbiii TaKXKe neperpesa-
TeJeM) TPUMEHSIOT B TEMJOHACOCHOM LHKJe AJs obecrneueHuss HeoG-
xoauMmoro neperpeBa xHa 13°C 3a cueT oxJiaxAeHHs CKOHIEHCHPOBAB-
IIEroCs NPH BBHICOKOM [aBJEHHH XJajoareHta. TakuMm myrem obJierya-
ercsi paboTa MCHapHTessl H YMEHbIAOTCS ero pasMepul. Ileperpes
napa B CaMOM HCHapHTese NPHBesa OBl K €ro CYLECTBEHHOMY yBeJuue-
Huo. Ho NpOMexXyTOUHHIH TENI0O6MEHHHK He SIBJSETCS HeOGXOMHMOIl
4acTbio cxeMbl. Ecan okaxkercs, 4To HCnapuTeab paboTaer Jayylle, yeM

OXHJAJOCh, HJIH YTO TNMOTEPH YPe3MEPHO BEJHKH, TO MeperpeBaTeb
MOXKHO YI1aJHTh.
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Huxke npuBejeH sHepretuueckdii OGanaHc 3toit cucreMbi (oTcuer
sHepruM HarpeBa BefeTcsi oOT 60°C — HauHH3Iei TeMmmepaTyphl
IUKJIA):

Bxox Molll(xggcm. Bhixox Mox;\ggcrb.

Tasosoe TonawBo . . . . . . 242 ITap:

Oxnaxpaomas soga 0,5 xrfc 0,163 xr/c mpu 110 °C . . 370
uau croku npu 80°C ot ox- 20 r/c oT KOTJa Ha BHXJON-
NaxjieRHs wmacna . . . . 42 HBHIX rasax .

C6pocHoe TemsIo TOTOKA BORH 33 r/c oT oxAamAeHHs ABH-
1,99 xr/c npu 80°C . . 167 rateas . . Y

ITorok xougeucata 0,163 KI‘/C 110 r/c ot Kouneﬂca'ropa .. 249
npu 80°C . . . . . . . 14 Hencnonpsyemoe c6pocioe Tenao 24

TMorepu na usayyerwe . . . . I8
C%psogéon notok 2490 r/c npn

KII3 B 3TOM ciyyae npH HCNA PUTENBHOM OXMaXKLEHHH COCTABASET
356/242=1,47.

®daxTuueckas BBHIXOAHAST MOIIHOCTL (356) — 3TO Pa3HOCTH TEMJOTH
napa (370) u Bo3Bpaiiaemoro Koujgencarta (14 xBr).

Jxonomurxa. B NpHUBeleHHBIX HUXKE pacyeTax NpPeANOJaranoch, YTo
ra3oBBEIl [IBHraTes]b HMeeT HCHAPHTEJbHOE OXJaxKJIeHue, 4YTo HeolGxo-
JHMO [IJiIS NOJIyueHHS B TENJIOBOM Hacoce BBICOKOH TeMIepatyphl #
CHHJKEHHSI CPOKA OKyINaeMOCTH.

Cnauajia onpenesuM 3KOHOMHIO 3HepruH. ITOCKO/BbKY TeIlIoBOH Ha-
COC TPOH3BOJAHUT Map, €ro yMeCcTHO CpaBHHBATb C MapOBHIM KOTJIOM,
umeromium KIIJ 759%. IlorpebaeHne TonauBa Ha NPHBOJ TEMJIOBOTO
Hacoca — 242, nonyyeHHas TemJoBasi MOIIHOCTL B nape — 356, norpeb-
JieHHe TOMJHNBa B COMOCTaBJISEMOM MapoBOM KoTie — 475 kBT, caexo-
BaTeJbHO, 3KOHOMHSA cocTaBaser 475—242—=233 kBr.

Tlosaras, uto TensoBO# Hacoc paGoTaeT B HENPEPHIBHOM Ipolecce
8000 u B roj, noJyuaeM roJ0ByI0O 3KOHOMHIO

E=233-8000 kBr-u==6,71-10"2 Ik.

O603nauum croumocth TtomiuBa uepes A (. cr./Ox). Ony6uau-
KOBAaHHBiE [JaHHbe IO NPOMBILLIEHHHM TapupaM Ha ras B AHIIHU
TaKOBHI:

A(19751.) =1,39-10-%; A(1977.)=1,61-10-".

Heob6xonuMsle kanurasoBioxeHus: [ onpefessioTcss HeHAMH Ha OcC-
HOBHOe 000pyIOBaHHE, KOTOPHIE CYIECTBEHHO MEHSIOTCS B 3aBHCHMO-
cTH oT KauectBa. [as AHrauu B 1977 r. meHsl cCJaefylOIiHe: ra3oBhle
asuraread — 3000—10 000, kommnpeccopsl — 3000—4000, Tenyoo6MeH-
HHKH — 5000—10 000 ¢. cr.

ITonnele KkamutanoBJOXKeHuS B leHax 1977 r. oueHuBalOTCH B
25000 ¢.ct. Qs cpaBHeHHs yKaxeM, 4TO B UeHax 1975 r. oHH GHJH
66t 18 000 . ct.

Cpok oxynaemoctd B (roa) ompejgensercs TPOCTBIM ypaBHeHHEM

B=I/EA.
B wenax 1977r. B=2,31; 1975r. — B=1,93.
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31ech caenyeT OTMETHTh, YTO B YNOMSIHyThle TOAbI B AHIVIHH TpO-
H30LLJIO He6JaronpHsATHOE MOBHILIEHHE HeH Ha 0060pyAoBaHHe MO CPaB-
HEHHIO C LleHaMH Ha TOMJHBO. B A/HTe/NbHOH NHepCleKTHBE OXHIAeTcs
o6paTHas TeHAeHUHUs! (LeHB HA TONJAWUBO OYyAYT pacTH ObicTpee, 4eM Ha
obopynoBaHue).

Ilpumenenune B Gosabuiom Macutabe cxeM, NOLOOHBIX PHBEAEHHOMY
npumepy, ¢ BupaGOTKOH mMapa HH3KOrO AaBJeHH NPH TeMIepaTtype
pabouero Ttena o 150 °C uMeer XopollHe NEpCHEKTHBH, OCOGEHHO B
MHLIEBO NPOMBILIJIEHHOCTH.

Moanounas npomoiwsennocts. To UTO pEeKOMEHAYETCS B 3TOM pas-
Jene, MOXKeT HaliTH NMpUMeHeHHe TaKKe B NPOH3BOJCTBE MHBA H Ge3-
aJKOTOJIbHBIX HANHTKOB. Cpein LIHPOKOTO acCOPTHMEHTA IPOAYKTOB

7 v v v v v v v v v v vv yv v Vv
—‘OUAAA A A A A A A A{A AA_A A_A I\A——.
4 5 5 5 5 4 4
() | (o)
U5 [el 141l

Puc. 7.27. Ceyenne cTpyiiHOH MOEYHOH MaUIHHB AJA GYTHUIOK.

I — Bxox 6yTHIIOK; 2 — MolomHe conda; 3 — c6poc BOAbi; 4 — BOAa IJiA NMOJOCKAaHHA; § — MolomHl
pacTBop; 6, — NapoBOji NOJOrpeBaTe/b.

MOJIOYHON TPOMBIIIJIEHHOCTH HauGosee BaxKeH BBINYCK MoJoKa B 6Y-
ThIKaX. C TOUYKH 3DEHHS 3KOHOMHH 3HEPTHH CJEAYeT COCPeJOTOUHTH
BHHMaHUe Ha MpPOHECCe MBIThS OYTHIIOK B MoeuHHX MaumpHax. [lomo6-
HEIE€ MAUIHHB TPUMEHSIOT H B APYTHX OTPACIAX.

B 3TOoM npouecce BaxkHYIO POJb OLHOBPEMEHHO UTPAaeT U COXpaHe-
HUe DHEepPTrHH, H COXpaHeHHe BOJABI, YTO INpelCTaBJsieT OOJbIIOH HHTe-
pec H HUXKe ONMHCHBaeTcs NMoApo6HO.

Pa6ora Moeunofi MamuHb. MoeuHas MamHHa 06paGaTHBAET HECKOJb-
KO JECATKOB THICHY GYTHJIOK B Yac, TPAHCNOPTHPYA GYTHJIKH uyepe3 pAA YCTaHOBOK
(puc. 7.27), rae OYTHJKH OMHBAIOTCH BOXOH HJM pacTBOPaMK MOIOHMIMX BeLIECTB
C YAanenHeM HakKjceK. B Mon04HOH NPOMBINLIEHHOCTH B OCHOBHOM OYTHIJIKH MOIOTCH
B CTPYHHHIX YCTAaHOBKaX, B KOTOPHX BHYTDEHHSS H BHEUIHSAs 4acTH GYTHJ/IOK OMBIBA-
I0TCA CTPYSIMH BOJH NOJ, AaBJieHHeM. Teljo NOABOJHTCA K BOAE H PacTBOPaM MOI-
KX BEeHIeCTB ¢ MOMOMUIBIO NapONpPOBOMAOB, NOTPYKEHHHX B GaKH,

Jas ycrpaHeHHA BHAHMBIX H GaKTEDHOJOTHYECKHX 3arpsi3HeHHH OyTHLUIKH Ha-
rpesatotcst Ao 70—80°C. Ha Bxox B MaliHHy OGyTBIIKH NMOCTYNAalOT NPH OKpyXaloweil
TeMIepaType, Ha 3aloJIHEHHe Cpa3y TMocje MOMKH OHH NOCTYNMAaloT XOJOJHBIMH, IIO-

_3TOMY B MalllHHe TMPOHCXOAAT M HarpeB H oxsaxjeHne. BHauajse GyTHIKH mporno-
JIaCKHBAIOT TeNJOH BOJAOH, a 3aTeM o6pabaThiBalOT CTPYSIMH MOIOILIETO pacTBOpa.
Temneparypa cTpyfi HOCTENEHHO YBEJHUHBAETCHA 10 MAKCHMAJbHOH, a 3aTeM NOCTENeH-
HO NOHMXKAeTCf, H Ha BHIXoAe OYTBHIKH NPONOJACKHBAIOT YUCTON BOAOH NIPH TeMnepa-
Type okojo 10°C. ByTHsaka npoxoaut MauuHy 3a 3—4 MHH, 3anoJHEHHE MOJOYHBIX
OyTHJ/IOK MPOBOAHTCA B TeueHHE 8 U B [eHb, a NPOH3BOACTBO NHBA H 6e3aJKOTONBHHIX
HaNHTKOB O6GHIYHO Npomoaxaerca 20 4 B feHb.

Ha narpeB BoOH H pacTBopoB 3aTpaudBaercst npuMmepHo 500 xr/u napa. Tensas
BOAA /I NPEIBapHTENbHOTO NMPONOJACKHBAaHHA o6HYHO cOpachiBaercs. Ee pacxom —
Zo 10000 nfy u remneparypa 20—30°C. [lepenoc Tenna BHYTPH MAIUMHH OUEHb
cnoxed. MHOro Temnja NepeHOCHTCS OT ONHOM CeKUHH K APYrod HeNnocpeacTBEHHO
OyTHJKAMH H TPaHCNOPTHPYIOIWHMH MeXaHH3MaMH. JTO TelJO OTBOAHTCA B OXJaX-
AAIOUIHX CEKIHAX H NMPH OKOHYATENbHOM INPONOJACKHBAHHH.
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B 5TuX MamMHax yxe HNPHHUMAIOT Mepl Ansl COXpaHeHHs Temaa # BoAW. Tak,
HanpHMep, XOJ0/Hast BOJA NOCJAE OKOHYaTeJNbHOI'O MPONOJACKHBAHHA YacTHYHO Ha-
rpeBaeTcsi B KOHTaKTe ¢ GYTHIJIKaMH U 3aTeM HCIOJb3yeTcss [Jisl NpeABapPHTENBbHOTO
NPONOAACKHBAHHSA, NTOCAE Yero NPOXOAHT uepe3 TeMIOOOGMEHHHK, pasMelleHHHH B OA-
HOM H3 GaKOB A/ MOIOIUHX PaCTBOPOB, NOLABAaeMBIX B MAIHHY, H TOJBKO MOCJe
3TOr0 BHOPACHIBAETCH.

OuyeBHHO, UTO 3HAUHTEAbHOE KOJAHYECTBO Tellsia, MOCTYNAIOLIEr0 B MAlUHHY, Teps-
eTCs 3a cueT pafHailHH M KOHBEKLHH, HO, HECMOTPS Ha 3TO, MEpPONpPHATHS O cOoXpaHe-
HHIO Teljla H BOAHKl 3KOHOMHYECKH ONpaBIaHH HpPH CTOHMMOCTH napa 2,5—3 ¢. cT. 3a
TOHHY H CTOHMOCTH BOAH 13 nmeHcoB 3a ToxHY. KpoMe TOro, CTOMMOCTb BOAH NMOBHILIA-
eTcs 3a cyeT AONOJHHTEJIbHHIX pacxojoB Ha o6paboTKy H 0oGe3BpeXXHBaHHE CTOKOB,
4TO LJISl MOGUHLIX MAIUIHH OHEHHBaeTcs B 7 NEHCOB 33 TOHHY.

TennonacocHass YyCTaHOBKa ¢ 3JeKTpompuBozom  <«Mil-
pro N—V».

| Op. 0, O 0,4
'szc lﬁ"c 65 c‘ iga"c 18“ 30° Jz/c; Ifzo-gi

55° 65 45°% 30°c
I I

i

50°6 23° * !

38 45%
55% se| 78 B E‘m—
3 N 4 [
)

Puc. 7.28. TennoBoft Hacoc M cucTeMa OGODOTHOTO BOJOCHAaGXKeHHS AJAA MOeyHoH
MallHHHL.

! — noanuToyHas Bofa; 2 — GHALTP; 3 — KOHIeHcaTOp; 4 — HCNapHTeAb; 5 — BOACHOAIOTOBKA;
6 — ABHraTeslp ¢ KOMIPECCOPOM.

CoBpeMeHHHE MOeyHble MalIHHB NPEeACcTaBAsioT cobofi yAoGHml 00BeKT Anf
NpHMEHEHHA TENJIOBHIX HAaCOCOB, NOCKOJbKY 3/ech HMeeTcsl uenbil pap G6JH3KO pac-
MOJOKEHHBIX NoTpebuTeaeil TeMsa H HCTOUHHKOB HH3KOMOTEHUHasbHOro Temna. Temso-
HacocHas ycraHoBKa «Milpro» [27] Bkiouaer cHcremy 06paGoTKH BOAH H YAOBJETBO-
psieT BCe NOTPeGHOCTH MOEYHOH MAlHHH B Telse. YNpOIIeHHas CXeMa YCTaHOBKH
noKasaHa Ha pHuc. 7.28, a xapakTepHHe TeMIIePaTYPH COOTBETCTBYIOT YKa3aHHBIM AJif
puc. 7.27.

Tenno mocnegHero Gaka ¢ MOIOUIMM DPacTBOPOM HCNOJAb3yeTCsl JJs HOAOTpeBa
BOIH NpeXBapHTENLHOTO HPONOJACKHBAaHHA C NOMOIUBIO MPOCTOTO TeNJOOOMEHHHKA.
CTpyH TpeIBapHTENbHOTO NMPOMOJACKMBAHHS MHTAIOTCA BOJAOH M3 6aKa OKOHYATEeNb-
Horo nponodackuBanusa (30°C), a takxke ZoGaBKoit H3 mocaenHero 6aka ¢ MOKOUIHM
pactBopom (45°C). Boaa aas npeXBapHTesIbHOTO NPONOJACKUBAHHA MOALEPKHUBAET-
csi B COCTOSIHHH OTHOCHTEJNbHOR YHCTOTH C NOMOWIBIO CIEUHAJbHOH CHCTEMB (QHIBLT-
pauud. YacTs Tellla OTBOZHTCA BOJOMH, mpoXonsulelt yepes nocnenuuit 6ak ¢ pacTso-
POM AJIf HarpeBa BOAb IpPeJBApPHTENLHOrO NPONONACKHBAHHA, a 3aTeM NPOXOAHT
yepes HCIAPHTEJb TENJIOBOLO Hacoca, BHIIOJHSAA POJb MCTOYHHKA HHSKONOTEHUHANb-
HOro Tenna ¢ Temuepatypoil okoso 30 °C. YacTh BOAM NMPOXOAHT yepes GHABTP H OX-
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" naxpaeres ao 12—15°C B apyrom ucnaputesie. DTa uHcTas BOLa 3aTeM HCMOJB3YeT-
¢ AJS OKOHYATEJIBHOTO NPOMOJACKHBAHHSI.

[Toctynusuee B HcnapuTesp Temio obecrneyHBaeT HCIapeHHe XJafoareHTa, KOTo-
PHIil 3aTeM cXKHMaeTcs C NOBHIUeHHeM erc TeMhepaTypH. [loaydeHHoe Temjo npH
MOBBLILIEHHOA TeMnepaType OTHAeTC B KOHAeHCaTope NOTOKY BOAH H3 NepBoro 6aka
C MOIOIIHM pacTBOPOM (C pocToM ee Temieparyphl oT 55 po 65°C). Bo Bropom KoH-
JeHcaTope Boja HarpeBaetcs ot 65 xo 85 °C.

Ilpn o6biunofi cxeme wmoioutas MamuuHa Ha 30 000 Gythsiok B yac norpebaser
13600 & Boam B yac u MouHocTh 600 kBT. ®upma Milpro yTBepipaer, 4TO TelJo-
HAacoCHasi ycTaHoBKa ¢ (HJAbTpPamHel BOLBl cHHXaer mnorpeGienHe po 70 kBt
H 2600 1 B yac. Cpok oKynaeMOCTH YCTaHOBKH oT 2 Jio 3 JieT, MepBHYHAA SHEPrHA —
TIPUPOAHBIH ra3 HJH 3/IEKTPHYECTBO.

Ilpuvenenne TensJoBOTO HacocCa B NOCYNOMOEYHHX Ma-
M HHaXx. Pabounii UMK OOLIYHBIX KPYMHHX MOCYAOMOEYHBIX MalIHH MOAOGeH UHKJY
NpH MBIThE OYTHUIOK, MO3TOMY 3Jech TaKXe BO3MOJKHO NpHMEHEHHe TelJIOBOro Haco-
ca. Boga nns mpononackuBanus Harpemaercss Ko 90°C, T. e. HECKOJMbKO BHIIE, 4eM
IpH MHThe GYyTHJOK. Tenso cOpachiBaeTcsl YaCTHYHO B BHJE Napa, OXJaXJAeHHe KOTO-
poro yayuiiaeT KoM{opTHble YCJOBHS BOJH3H MAalIHHH M COXpaHAeT SHEPrHio INpH
HCIIOAB30BaHHH B KauecTBe HCTOYHHKA TelJa AJs TEMJOBOTO Hacoca.

TennoBoit Hacoc, paGotawomuii npy KOIT=4, narpeBaer Boay o 60°C u BaHf-
€T Ha SHepreTHUYecKH# 6aslaHC MAIIHHBI CJelyIOHIHM 06pa3oM:

O6bluHas cxema

MouHoCTb, Mom#ocTs,

Bxon, kBT Buixon KBT
Moropel . . . . . . . . . B,)5 IMorepu Temia . . . . . . . 9,5
Kanopudep . . . . . . . . 67 Cépocuast Boga . . . . . . 26,5
Harpes Gaka . . . . . . . 54 IMocysna . . . . . . . . .41,5
Urtoro . . . . . .12 Map . . . . . . . . . .530

TensxonacocHas cxema

MomnocTs, MomuocTts,

Bxox KBt Buxop kBt
MoTopst ... 5,5 [lorepu Temna . . . . . . . 5,5
OKoOHYaTeJbHOEe  NPONONACKHBA- C6pocHast Boga . . . . . . 26,5
HEE . . . . . . . ., . .25 ocyga . . . . . . . . .225

Kounpeccop TemaoBoro nacoca 24 BoccTanoBaeHHoe Temo . 96

Hroro . . . . . .54,5

Cpok oxynaemoctn ycraHoBkH 31 Mec, Bmmyckaercs ¢upmoit Stierlen B ®PT,
7.4.2. TENNOBOW HACOC «TEMPLIFIER» ®WPMbl WESTINGHOUSE

Haspanne «Templifier» o6pasoBano u3 mByx caoB: «temperature
amplifier» *. TensnoBo Hacoc pa3paGoTaH Ha OCHOBE ONbITA CO3LaHHS
GOJIbIINX XOJIOAHJIBHBIX YCTaHOBOK. [10J yHNOMSIHYTBIM HAa3BaHHEM BhI-
OyCcKaeTcs psii MalWlHH pa3iuuHoli MowHoctH (1o 3 MBT) ¢ mexrtpo-
GeXXHBEIMH KOMIIPECCOPaMH, TAIOL{MMHU NOJNE3HOE TENJIO IPH TeMIepaType
o 110°C (na ¢peone R114) npu Temneparype HCTOUHHKA TemJaa OT
27 po 77°C u teMmepatype mojaBaeMol KHAKOCTH oT 60 mo 120°C
cooTBeTCTBeHHO. [IpH ManbiX MOHIHOCTSIX HCMOJMB3YIOT MOPIIHEBBIE
KOMIIPECCOPHI.

OcHoBHbIM 37eMeHTOM Hacoca «Templifier» Goabiio#i MomHOCTH
CJYXKHT KOMIIPECCOD C TepMETHYHBIM 3JIeKTponpuBofcoM (puc. 7.29),
OJHOCTYNEHYAaTHhid, C THADPABJHYECKH yNpaBJsSeMOll CHCTEMO# peryau-

* JlocnoBHHIT NepeBOR — «YCHJHTENb TeMNlepaTypu». — [Tpum. nep.
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poBaHHS. ['epMeTH3HPOBAHHBI ACUHXPOHHEI 3JEKTPOJBHraTeNb OXJa-
XKIaeTcsl LO3UPOBAHHBIM BIIPRICKOM XKHUJAKOCTH CO CNENHasJbHOH 3allH-
TOH OT TpeBbILIEHHS TeMIlepaTyphl. PeryiupoBanue KoMipeccopa IpH
H3MEHEeHHH HATPY3KH MPOH3BOLUTCA C IMOMOLIBIO JOMATOYHOTO DEryJs-
pylollero anmnapara Ha BXOZe ¢ FHAPABJIHYECKHM YIpaBJeHHEM, YTO

Z 3 4

;o /
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Puec. 7.29. Komnpeccop H 3/eKTpOABHraTeMb TelJoBOro Hacoca «Templifiers.

] — repMeTHUYHbI 3JACKTPOABHraTeNb; 2 — MacisHbifi GHAbTP; 3 — peryaupyembiit auddysop; 4 —
KOJlecO KOMOpeccopa; § — moplieHb PEeryJaupOBaHHUS JONAaTOYHOrO anmnapaTta; § — BXOAHBIE JoOmaT-
KH; 7 — BaJ KOMOpeccopa; 8 — Ball 3JICKTPOABHIaTelNs.

ofecrneynBaetT YCTOHYMBYIO paboTy Ha pa3aMuyHBIX pexxumax. [Toaoxe-
HUE JIOMATOK ONpeleJsieTcss H3MeHEHHEM TeMIepaTypsl BOAB, YXOZOA-
uiet u3 KoHIeHcaTopa. MiMeercst BCTpOoeHHAsl CHCTEMa aBTOMAaTHYECKOTO
OTKJIOUEHHS] U GBICTPOTO pearupPOBAaHUS HA H3GHITOYHOE NaBJeHHE C
nepeKkpuITHEM BXOZa JomaTkaMu. OO61UA BHA YCTAHOBKH TOKa3aH Ha
puc. 7.30. Ona BKJIOYAaeT CTAHUHUIO YNPaBJEHHS C AaTYHKaMu AaBJje-
HHS, CHCTeMaMH 3alUUTHl U BuikJoyatessiMd. CHcTeMa CMa3Ku TNHTa-
eTCcsl He3aBHCHMBIM FePDMETHUHBIM MacjoHacocoM. KoHpeHncaTop M Hc-

1 i
%
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Puc. 7.30. O6muit g Hacoca «Templifiers u pasmeltenye TenN006MEHHHKOB,
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. IapuTeJdb — KOXyXoTpy6Horo TtHma (cM. ria. 3). B koupeHcatope
CTaJbHOH KOXYX H MefHble TpyOkH. B ucnapurtesie xjafoareHT Haxo-
JHTCS MexKAYy TPYOKaMHu H3 MeaU ¢ opeGpeHueM.

Ha puc. 7.31 nokasana runnyHasi cxeMma jaJas Hacoca «Templifiers,
npelHa3HauYEHHOTO AJA MoJauyu ropsyeit Boan mpu 65 °C ¢ HcnoJb3o-
BaHUEM HCTOYHHKA Temaa — BoAs npu 35°C. CxeMa HIEHTHYHA BCEM
[aPOKOMIIPECCHOHHBIM TEIJIOBBIM HacocaM H He Tpebyer JONOJHHTEJb-
HBIX nosicHeHH#. Ha puc. 7.32 nokasano namenenne KOII B 3aBucumo-
CTH OT TeMIepaTyp Ha BXole H Brixone. [lJsi mpuMmepa, yKa3aHHOro Ha
puc. 7.31, monyyaercss KOII=4,4, 1. e. na gaxasit 1 MBT nosesnoi

1 S
s\ s/
//

65%C  —————— 4%

nan

N
\\
N\

4 a4
/ A
3
29 50 60 70TCC
5% J0°%

Puc. 7.31. Cxema u xapaKTepHble TeM- Puc. 7.32. 3asucumocts KOII nacoca
nepatypsl Anas  Hacoca «Templifiers. «Templifier» ot TeMmepaTyp BOAH
1 — ppoccenb; 2 — KOHHEHCATOP; 3 — KOM- ropsi4yero H XOJOAHOro HCTOYHHKOB.

npeccop; 4 — HcnapuTeb.

TEIVIOBOK MOIHOCTH Tpebyercs 3artpatuTh 237 KBT 3JeKTPHUECKOH
MOILHOCTH Ha MPHUBOX KoMnpeccopa. ITo cpaBHeHHIO ¢ MHOTHMH AOMall-
HHMH H KOMMEDYECKMMH TEIVIOBHIMH HAaCOCAMH, OMHCAHHBIMH B IVI. S I
6, rne KOII o6uiuHo Mmeubile 3, B paccMarpuBaeMoM cJydae maJias
Pa3HOCTb TEMIEPATyp MeXKAY HCIIapHTesNeM H KOHAEHCATOPOM II03BOJIsA-
€T TIOJYYHTh 3KOHOMHIO TOIJIHBA C YYeTOM ero 3aTpaT Ha NPOH3BOACTBO
aaektpoaHeprun (720 xkBr). OxHako 3Ta 2KOHOMHS HECKOJBKO MeHb-
nIeM, 4eM Morja 6bl GHTH NOJyYeHa NPH Fa3cMOTOPHOM IIPHBOAE, ONH-
CaHHOM BHIILIE.

DKOHOMHUS TEKyLUIMX 3aTpaT NIpH cpaBHeHuu Hacoca «Templifier» c
IPYTHMH HCTOYHHKAMH TelJa Ha pa3HBX TOIJIHBaX II0Ka3aHa B
taba. 7.13.

TaGauua 7.13. Texyiine 3aTpaThi HCTOUHHKOB TeMNJaa

1000 kBT TenaoBoft llera TomAMBa, Texyuine 3aTpaThl,
MOHULHOCTH Tlonson sneprun nencoB/MJIx . ct./ron (4000 u)
T'asoBhift KoTen 1282 kBT, 5 35880
KI1d 0,78
Hedraunoit xoren 1234 kBT, 5,5 . 38 640
K11 0,81
«Templifiers 227 kBt, KOI1=4,4 214 nencos 19 440
3a 1 kBr-g
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B rta6a. 7.14 mpuBelZeHbl XapaKTEePHCTHKH CepPHH BOAO-BOISIHBIX
ycraoBok «Templifier» ¢ uenrpo6exubiMu Komnpeccopamu. st Hexko-
TOPBIX MCTOYHHKOB M NoTpebuTesell Temja NPUMEHSIOTCH TENJA006MeH-
HUKH U3 HeDXKaBelollled CTanu.

Ta6auua 7.14. Mapamerpu ycraHoBok «Templifier»

HeTounnk Nonava
Tenna Tensa Tenaopas AneKTpHYe-
Molle.'lb 35—30 °C, 54—66 °C, MOLHOCTD, CKad Mou- Macca, Kr
M3/ M3 Ju KBT HOCTb, KBT
TP050 33 21 265 63 2300
TP063 71 44 565 132 5300
TP0O79 106 66 847 189 6700
TP100 169 105 1356 291 10100
TP126 246 215 3000 612 15000

B CHIA yxke pa6oTaior 0k0J0 15 TakHX ycTaHOBOK. ITepBbiit Hacoc
«Templifier» B EBpone ycragoBneH B AHIJIHM Ha HOBOH ¢abpuke MO-
JouHHX npoAdykToB B 1979 r. IToayuen KOII Boime 4,5, uto mo3sonauso
3a cyer norpebaenuss 170 xBrt sjekTpuuyeckoll MOLIHOCTH HCIOJb30-
BaTb cOPOCHOE TEMJIO CTepHJIM3aTOPa MOJIOKa K mozaTth 910 kBt renaa
B NHUTATEIbHOH BOAe AJA KOTJIOB, TEXHOJOTHYECKHX NPOLECCOB H OTOI-
geHns. CHcTeMa JaeT TakKKe 3HAYHTEIbHYI0 3KOHOMHIO BOJBI, KOTOPYIO
MOXKHO HCIIOJIb30BATDH M/ OXJaXKACHHA CTEPHIH3ATOPA.

Puc. 7.33. Tlpumenenne Hacoca «Temp-
lifier» ¢ mopuiHeBHIM KoMnpeccopoMm H
HCIIOJMb30BaHHEM COGPOCHOro TemJa CBa-
POYHOH MAULIHHBL.

1--3 — npoueccsl; 4 — rpagHpHA; 5§ — HCNa-
pUTEAb; 6 — KOHAEHCATOP.

B cepun tensoBsix HacocoB «Templifiers ans HeGOJBIIHX MOU(HO-
CTell NPUMEHSIOT H HOpUIHEeBBle KOMIpeccopbl. B HHX HCIONB3yeTCs
tenjo npu 15—55 °C u noxaercs npu 45—105 °C, 4TO HECKOJIbKO OTJIH-
4YaeT OT UEHTPOGEKHBIX YCTaHOBOK. THRHYHOe TDHMEHEHHE MOKa3aHo
Ha puc. 7.33. YKa3aHHble Ha cXeMe TPH IIpolecca — 3TC 3JEKTPOAYro-
Bbie CBapOYyHble MalluHB, paboramouue 10,5 4 JHeM HenpephBHO, a
HHOTAA M HoYblo. Jlo mpumeHeHuss HacocoB «Templifier» rensora npo-
ueccoB cOpachiBajiach yepe3 IrpafHpHH B aTMocdepy, 4TO NPHBOAHIO K
notepe 90 kBt Tenxa,.

ITpu mopManpHO#l paGorte capouHoit Mawuub B «Templifier» mo-
crynaer 3 a/mMur Boasl npu 38 °C, ona oxaaxnaerca no 30 °C u Bos-
Bpallaercs CHOBA B CBaPOYHYI0 MAIUMHY ¢ TaKOil e TeMIeparypod,
Kax npy npuMesenud rpaaupHu. ITosyyenHoe TEmIO HArpeBaeT B KOH-
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nexcarope 2,6 J/MUH NOCTynaioliel B CHCTeMY OTOIVICHHS BOABI OT
70 no 82 °C.

Tenonpou3BOAHTENBHOCTD YCTAHOBKH corjacyercsi ¢ notpebHocrs-
MM B TellJle Ha OTOIJIEHHEe MYTEM peryJHpOBaHHA KOMIIpeccopa B 3aBil-
CHMOCTH OT TeMImepatyphl o6partHoii Boabl. B cBA3H ¢ HEoOXOJAHMOCTDIO
OXJIaXKA€HUSA BOJABl NIPH OTCYTCTBHH TeMJIOBOH HarpyskH rpajHpHA B
3TOH CXeMe COXpaHsercs.

CepHsi TaKHMX arperaToB ¢ NODLIHEBLIMH KOMIIpeccOpaMH COCTOHT
U3 LIeCTH THHOPAa3MepOB MOHIHOCTBIO OT 75 0 300 KBT H CTOHMOCTbIO
or 700 zo 12000 ¢. cr. [28]. Cpokx okymaemoctH 3—5 Jer. Yaure
BCEro MX IIPHMEHSIIOT AJs1 HarpeBa BOJbl B TEXHOJOTHUYECKHX MHpollec-
€ax ¢ McrmoJb3oBaHHeM cOpocHoro Temia. OnHako oHH Moryr paboTarh
H C COJIHEYHBIM, H JaxKe ¢ OObIYHBIM BO3JYUIHBIM HCTOYHHKOM TelJa.

Pacwypenne NpoMBIIIJIEHHOTO NpPHMEHEHHS YCTAHOBKH OXHAAeTCs
[0 Mepe INOBbLILIEHHS TeMIepaTypbl KOHJeHcauHH. Bblmyckaemble npo-
MBIILIJIEHHBlE HACOCHl ¢ NMOPLIHEBBIMH KOMIIPECCOPAaMH MOLIHOCTBIO OT
130 no 800 xBt Ha ¢peonax R22 u R12 paboralor npH TeMmIepaTtype
konnencanuu 85 °C, teMmepatype nogaBaemolt Bogbl 75 °C M uMelOT
KOTI=4-+4,4.

7.5. PASNAMYHBIE NPUMEHEHMSA NPOMBILLNEHHBIX TEMOBbIX
HACOCOB

B 310OM paszene KpaTKo ONHCHIBAIOTCSH MeHee H3BECTHbe NpHMeHe-
HHSI TeIJIOBBIX HACOCOB, BKJIOuas pazpabartbiBaeMble CHCTEMbl AJs Oy-
MaXKHO#l NpPOMBILIJIEHHOCTH, HCIIO/Nb30BaHHE Te0TePMaJibHOTO Temaa
MpOMBILIJIEHHBIE YCTAHOBKH THIIA BO3AYX — BO3AYX.

7.5.1. MCNONL3OBAHME TEXHOJNIOTMYECKOTO TEMNA ANS OTONNEHMSA

[TpumeHeHHe TEMJOBBIX HACOCOB /sl MCIOJb30BaHHs TeMJia Harpe-
Toro cOpOCHOro BO3/AyXa HECKOJbKO HeoOmuHO. Kak mnpasujo, rtemio
YXOAAILero Bo3lyXa HCIOJb3yeTcsl ¢ MOMOLUbI0 OCHIYHBIX Ten1006MeH-
HHKOB, H JaXe ecJy HCTOYHUK Tella H noTpebHuTesb HAXOASATCA Ha
paccTosiHnd, MOXHO 3¢ ¢PeKTHBHO NPHMEHHTb CHCTEMY C IIPOMEXKYTOUY-
HBIM KHAKHM TelJIoOHOcHTesdeM. Pa3BuTHeM Takoil cxeMbl siBAsieTcst
ycrarosieHHbll B CHIA TemoBoii Hacoc, ¢ MOMOLIBIO KOTOpOro c6poc-
HOe TeIVIO CYLIMJIbHOH IeYH HCIOoJb3yeTcsi AJst oTomeHust (pHc. 7.34).

Ho ycTaHOBKH TemjoBOro Hacoca ropsuuil BO3AyX BblOpachBaJjcs
HenocpeACTBEHHO B aTMOC(Eepy, YTO CONPOBOXKAANOCh: Man03PheKTHB-
HBIMH TONBITKAMU NPEIOTBPATHTH IleperpeB OKpyxXKalwlle#l cpear. B To
Ke BpeMs OblJ ycTaHOBJIeH JedHUHUT Tema B HaXxoAAlleMcs HeBJaJleKe
ckjage. Hanpapasitb cOpocHofi BO34yX HelmocpelCTBeHHO B CKJlaj oKa-
3aJloCh HENpPaKTHYHO, NO3TOMY Bo3Ayx npu 34 °C Obli Hanpas/ieH B
HCIIapHTe/b TeMJIOBOTO HAacoca, B KOHJAeHcaTope KOTOPOro IOJAOrpeBa-
eTCs BO3MYX, BXOASUHKIA B Ckaag, ¢ 3arpatoit 120 kBt tenna. Knnuma-
THUECKHE YCJOBHS Ha TeMIlepaTypy MCTOYHHKA Telsa B 3TOM NpuMepe
e pausT. 3navenne KOIT cocrasaser 3,67 [29], uto nosBosnio obec-
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MEYHTh SKOHOMHYECKYIO 3P EKTHBHOCTL B CPaBHEHHH ¢ HeTAHBIM WJiH
IPONIaHOBHIM NMoAOrpeBoM. OTCYTCTBHE CPaBHEHHS 3TOH CHCTEMBI C IPH-
MeHEeHHeM HPOMEXYTOYHOIO IKHAKOTO TEIUIOHOCHTENs AJs Mepeaays
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Puc. 7.34. TensioBoil Hacoc JJs OTOIJIEHHA C HCIOJNb3OBAHHEM HArpeTorc BHGpachiBae-
MOTO BO3ZLyXa.

| — RapyXHbIi BO3AYX; 2 — TeNAOBO# Hacoc; 3 -~ XxnafcareHT BbicoKoro AaBacuus (1,9 MFHla),
4 — XnajloareHT HU3Koro maBaedus (0,55 MIla); 5 — komnpeccop 26 kB1, Bentuasrtop 2,6 kBr; 6 —
kanopudep; 7 — Bo3xywHasa 3aBeca; 8 — BeHTHAATOP 3,3 KBT.

TeNJa NpeACTaBJ/asdeTCd HEOINpaBAAaHHBIM. HO-BHL[HMOMy, poOMbIUIJIEH-
Hble TeNJIOBbleé HACOCBl THIIA BO3AYX — BO3AYX 6y,ElyT HMETb Jyullike
3KOHOMHYECKHE IoKa3aTeJH INPHMEHHTEJNbHO K NpoueccaM CYyIIKH.

7.5.2. NTONYYEHME TEXHONOIMYECKOIO NAPA

B nocaennee BpeMs caesiaH Pl HHTEPECHBIX NPeAJOXKEHHH MO HC-
HOJIb30BAHHIO TEIVIOBEIX HAaCOCOB AJSl TOJNYYEHHS! TEXHOJOTHYECKOro
napa [30]. das npuMepa BhIOpaHa OGyMaKHasi NMPOMBILIJIEHHOCTb, TAe
HCHOJb3YeTCsl MHOTO TEeXHOJOTHYECKOro Napa H cOpachlBaeTcsl MHOTO
ropsiyero KOHZeHcata H Harperoro Bo3flyxa. Hoas cucrema
3HeprocHaOxeHHsi  OymarojesaTesbHONl ~ MallMHBL  NOKa3aHa Ha
puc. 7.35.

OcHoBHast 0cO0eHHOCTb CXeMBbl COCTOMT B HCIOJb30BaHHH Oymaro-
JenaTeibHOH MallWHBl KakK KOHJAEHCAaTopa XOJOIHJbHOTO IHKJA H B
TO Ke BpeMs KOHJeHCcaTopa NapoTypOGHHHOTO 3HEPreTHYECKOro LMK/a
no HopMmanabHO# cxeMe. CiefoBatenbHO, Ha pHC. 7.35 BepXHHH KOHTYp
H300paxaeT TeNMJOHACOCHBIH NHKJ, a HUXKHHA KOHTYp — 3HepreTHye-
CKHIt ¢ AByMsi KOT/1aMH, paboTaloliuMu mnapaJjJieipdo. Hcnapureas
TeNJiOBOr0 HAacoca HCIOJb3yeT Harperelil BO3AYX HJH KHAKOCTb Kak
HCTOUHHK TeIIa,
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" JIna cxaTHS npHMeHsieTcsl UeHTpoOeXHbIH KOMIpPeccop ¢ naporyp-
GUHHBIM TIPHBOJOM, NpHUEM MATHI nap nocJe TYpOHHBI CMeLIHBAETCA
¢ nmapom, NojaBaeMbIM KOMIpeccopoM. AJibTepHAaTHBOH SBJIsSIETCst IPH-
MeHEeHHEe TePMOKOMIPECCOPOB (3KEKTODOB), ONHCaHHBIX B § 5.3, uTO
JaeT MOHHXXEHHE KANUTAJbHBEIX 3aTPaT, HO NOBHIIAET 3KCIJyaTalHOH-
Hble u3-3a ux nuskoro KITJ. Hccaenyercst Takke KOMOMHALMS U3 Tep-

—{ )

Puc. 7.35. TemnoBoii Hacoc B
npoussojctBe GymarH (K Ipo-

5 [ % €KTY PeKOHCTPYKIHH).
L« 3 / — Hcmaputeab Bonabl; 2 — HOBasn
GyMmarHasi MallHHa; 3 — HOBRIl KO-
- Ten; 4 — crapbiit Koren; 5§ — KOM-

NPeCCHOHHO-PAaCIIHPHTEAbHE S ycra-
Sym 8 HOBKa; 6 — K OyMaXHoit Mawute;
‘ (B 7 — CYymecTBYIOUIHit TypGoreHepartop;
) 8 — peKoMeHAyeMblii K YCTaHOBKe
_@_E Typ6oreHepaTop.

MOKOMIIPECCOPOB Ha NePBBHIX CTYNEHAX C INOCJEeAyOIIUM CXKATHEM B
MHOTOCTYIIEHYATHIX LleHTPOOEeKHBIX KOMIIpeccopax.

Jpyroii ajbTepHAaTHBOH, [O3BOJAIOUICH B KAaKOH-TO CTeNEHH CHH-
3UTb HeOOGXOAHMOCTb OOJBLIMX OOBEeMHBIX PpAacXOLOB BOASIHOTO Napa
HH3KOTO JaBJIEHHA, CJAYXKHT INPHMeHeHHe OOBIUHBIX XJaL0areHToB B
NpOMeXYyTOYHOM KOHType (puc. 7.36). B JeBoit yactu cxeMbl noxasana
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Puc. 7.36. TennocHabxeHne NPOH3BOACTBA GyMarH ¢ KOMIIPECCODHBIMH YCTaHOBKaMH.

I — KoHaeHcaT; 2 — BOAsiHOR map; 3 — xJajgoareHT; 4 — BOJA; § — BAAXKHBIA BO3AYX; 6 — BBHIGPOC;
7 — cBeXxHHt BO3AYX.

yCTaHOBKa AJIsi BOCCTAHOBJIEHHS Telsa, B HPaBOH — KOMIIPeCcOpHl H
tTyp6ura. McTouHHKOM Tema cayXHT BJaXHHI c6pocHOfl BO3AYX 01
6ymarozenarenbHoii MaurMHbl. CyllecTBEHHO, YTO 4YacTh ero Temjaa
npeJBapHTENBHO HCNOJIb3yeTcs HJisl NOAOrpeBa BXOAAUIEr0 BO3JyXa B
KoHoMaitsepe. Harperas Boxa M3 3KOHOMaM3epa 3aTeM MPOXOAHUT ye-
pes TtenJooOMeHHHK BoOJa — XJaloareHT, o6pasymioulHil HCIapHTe b
TenJioBoro Hacoca. Konjencar us GymarojenarebHofl MalliHbl npeob-
pasyercs B nmap B KOHHeHcaTope TeNJOBOro Hacoca. Hapsay ¢ nmpume-
HeHHeM 5KOHOMafisepa BO3MOXKH2 INpsiMas MOAa¥a BJAXKHOTO BO3AYXa
B HCIIapHTe b TEIJIOBOIO Hacoca. B paccMarpuBaeMoit cxeMe nap mnpo-
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H3BOAMTCA NpH HHU3KOM naBiennu (24 kIla, 64 °C) n noasepraercs
CXKATHIO B MHOTOCTYNIEHYATOM KOMIIpeccope A0 HeoOXOAHMBIX B TeXHO-
JIOTHH mapaMeTpoB. B ycraHoBke, NOKa3saHHOH Ha puc. 7.36, Ha KOM-
npeccop 3arpaunBaercs 3,7 MBr, a BoccraHOB/IeHHOe Tenic — 8,7 MBr.
CTOMMOCTb 3JIEMEHTOB 3TOH YCTaHOBKH YKa3aHa HHIXKe,

O6opynopanue CT%;{,M&C. o,

Vrunnsauus Temia  (BO3LYXOBOJAAHOH  TeMJooOMeHHHK N
335000 M3%4) . . . . . . . . . . 200000
Xonopniabuast mamnna (2400 r) . . . . . . . 900000
*  Kowmmpeccop 1-#f ctymenn . . . . . . . . . 2300000
» 2-f crymenr . . . . . . . . . 1750000
» 3t crymesn . . . . . . . . . 1075000
IIpoMexxyTounble XOJOAMIbHHKE . . . . . . . 1000000
Typ6una aas npHBOZA KoMmpeccopa . . . . . . 190 000
Typ6oresepatop . . . . . . . . . . . 1000000
Hrore . . . . . . . . . . . 8145000

3kcnayartalHOHHBle pacXoibl, KaNHTAJIOBJIOXEHHs H 3aTpaThl 3HEp-
UM OBbLAH COMOCTABJEHBl ¢ TEMH Ke BeJHYHHAMH OOBIYHON KOTeJbHOH,
KOTOPYI0 NepBOHAYaJbHO HpPeANO/araloch YCTAaHOBHTb LPH pacluHpe-
Huu GyMaxHol ¢abpuku. CrouMocTb KoTesabHOR 12,5 MaH. ¢. cT. Pe-
3yJbTaTH COMNOCTaBJeHus caenyiouue (. cr.):

KanurajosnoXeHus . . . . . . . . . . . .8400
DKOHOMHSA KalHTaJOBNOXKEHHH MO cpaBHEHHIO ¢ KoTeapHolt . . 4100
I'onoBas 3KOHOMHS:
npu amoptusanun 85% sa8aer . . . . . . . bI0
3a CyeT TOMAMBA H ofcAyXHuBawud . . . . . . . 1430
ITepepacxox Ha ROGAaBOYHYW 3JeKTposHepruic . . . . . 1590
DKOHOMHA TOJOBNX H3JepXKeK . . . . . . . . . 350

ITO HCCMeLOBaHHE TOJIOXKHUJIO HA4YaJo PAa3BUTHIO HOBOTO HanpasJe-
HHust B paboTax 1O 3KOHOMHH SHEPrHH C MOMOWIBIO TEMJOBHX HaCOCOB.
B Oyma>kHON NpOMBIJIEHHOCTH HMEeTCA MHOrO JPYTHX HCTOYHHKOB
TemJsa, MOTEHIHaJ KOTOPOro MOXKHO IOBBILIIATH, HMEIOTCSI OHH H B
APYTHX OTpac/sax npoMbliieHHOCTH. OIHAKO ypOBeHb HeoGXOLHMBIX
KalHTaJOBJOKEHHH LOBOJILHO BHICOK, I103TOMY MaJOBepPOATHO, YTOOH
OHH OKa3aJIuCb NOJ CHJY KOMINaHHAM 0e3 CYLIeCTBEHHOH NMPaBHTENbCT-
BE€HHOH IIOMOILIIH.

7.5.3. TENNOBBIE HACOCH Ana MNOJNYYEHMA TEXHONOIMYECKOIO MAPA
HA TEOTEPMAJbHBIX MCTOYHMKAX TEMNA

B nepcnexTrBe reorepMmaJibHOe TemJO SIBUTCH aJbTePHaTHBOR Op-
raHuyeckoMy TomJHBY. B yactHOCTH, u3BecTHa paGota [31], rae uccie-
J0BaJICSl BBICOKOTEMIIEPATYPHBIA NPOMBILIJIEHHBI TENJIOBOA HacoC Ha
cOpPOCHOM TeIIe TeoTepMaJbHOH 3JIEKTPOCTAHUMH IIpH TeMIiepatype
100—150 °C.

B paccMoTper psan paGouux tea (okrad, rexkcad, R113 u uzonen-
TaH), HO 0Ka3aJjoch, uto Hauboubwuii KOIT umeer Boma (puc. 7.37).
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3uauennss KOII paccuntanbl fis H309HTPONMHUECKOTO ckaTus ot 120
o 150—260 °C.

Jna BOASIHOTO Mapa cXKaTHe HAaYWHAeTcs Ha NPABOM MOrPaHHYHON
KpHBOil. B MHOTOCTyNeHYaTOM KOMIIpeccope map CHJbHO IeperpeBaer-
ca (230—560 °C), nosToMy fJsi moJydeHHs] HaCHIIEHHOTO Napa MNpH
NOBBILLIEHHOH TeMMepaType PEeKOMEHIAYeTcs ero IPOMEeXYTOYHOe OXJa-
JKJeHHe C HCNOJb30BAHHEM OTBEJEHHOro TelJa, 4TO CHHXKaeT pabory

cxaruss. Ha puc. 7.38 Touka nipu

Kon 260°C cOOTBeTCTBYeT TpPeXCTyNeH-
o 4aTOMY KOMIIPECCOpY € OXJaxkac-
H,0-1 c\ HHeM MexXJy cryneHsiMH. Egunct-

\ BeHHBIM HEeJOCTAaTKOM BOASIHOrO Ma-

w
pa Kak pa6ouero Tesna sBJIseTCS

\
T \\ BBICOKOE JaBJleHHe KOHJeHCalHH
; n-c,%\ \ J\ (4,7 MIla npu 260°C).

NN

H-C5

— BozxsHo#l nap npencraBasieT He-
e N COMHEHHBIH HHTepec Kak pabouee
N N TeJO AJASl TEMJIOBHIX HACOCOB, Tak
7 KaK HH OJHH U3 OOBIYHBIX BBICOKO-
1Z5 750 175 200 225  250° 7°C. CTAOHMJBHBIX XJaj0areHTOB He CUH-
) Taercs BIIOJHe NIPUTOAHBIM NIPH TEM-
Puc. 7.37. 3asucumocts KOIT or TeM- mepaType Bhille 150 °C. O6opyno-
nepaTypol mozaBaeMoro TEMJOHOCHTEe-
A5 AAf BHCOKOTEMNepaTypHHX paGo- BAHHE WIS MONOGHBEIX YCTaHOBOK,
qHX TeJl. B YAaCTHOCTH KOMIIpeccopbl, HMeeT-
I — TeopeTndeckall MakCHMYM, CA, H aBTODBI pa60Tb1 cleJsianu BbI-
BOJ 0 KOHKYPEHTOCHOCOOHOCTH Tell-
JOHACOCHOro Merona ‘TIOIyYeHHSl NPOMHIIVIEHHOTO TeIJIa OT reoTep-
MaJIbHBIX MCTOYHHKOB 110 CPaBHEHHIO ¢ KOTEJbHBIMH Ha OPraHHYECKOM

TONJINBE,

7.5.4. BHICOKOTEMNEPATYPHbIH ABCOPBLMOHHDBIA LIMKIT
KAK HAACTPOWUKA HAA SHEPTETMHECKMM LIMKNOM PEHKMHA

HaBectHo Mmuoro pa6ot, HampasieHHHX Ha nosuienue KII[I ma-
POTYPOHHHBIX 3JIEKTPOCTAHLHUI ¢ IOMOLIbIO PA3JMHYHBIX KOMOHHHDPOBaH-
HBIX LHKJOB C BBICOKOTEMIEDaTYPDHBIMH <HaACTPOHKaMH», KOTOpbIE
TeopeTnyeckn no3sonasioT nosbiciTh KII[ oT cymecTByounx 3naueHui
33—36 mo 50% (M@ I-resepatopH, UuKJIL PeHKHHAa Ha napax MeTtad-
JOB H T. I.).

Kak nokasano B [6], aGcop6unonHH Ten10Boii Hacoc (cM. ra. 2)
tTaxKe MoxeT noBblcHTh KILI uukia Penkusa Ha BoasiHOM Nape A0
40—b50% 3a cueT NOBHILEHHUsS NMOTeHUUaNa cGpPOCHOro TemnJa.

. Pabouee Teno a6copOuHOHHOTO LHKJAA — BOASHOMH nap, abcopbep —
OKMch Kagblus. Tensonacocunil IuKI nokasan B T — S guarpaMme Ha
puc. 7.38. JIunus I-2 — npousBoACTBO BoAsHoro napa npd 700 °C
(zaBaenne 10 MIla, tensora ucnapenus 4450 xdx/kr). ITpouecc 2-3
— oxnaxaenve napa jgo 310°C, npomecc 3-4 — KoHZeHcaUHs IPH
TNOCTOSIHHOH TeMIlepaType, NOCJe 4ero no JHHHH 4-5 HaBjieHHe H TeM-
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neparypa cuuxkalorcs go 0,01 MIla u 45 °C. INoayuenuast Boga cHoBa
obpalaercs B Nnap N0 JHHHH 5-6 3a CYeT KOHJAEHCAUMH Mapa IHKJAA
PenkHHa, T. €. MCIOJIB30BaHHs €ro c6POCHOTO Temsa. 3aTeM nap mepe-

rpeBaetcsi no JuHHH 6-7 1o 320 °C
H abcopbHupyeTcss OKHCbIO KaJblHA
Y, w
|t [
Ca0+H,0 (nap)==Ca (OH) 4 FZ 7 7
480 kJ>K/MOIb. 000 " 18" ?
¢ o JuHuK 8-1 ot 320 mo 700°C, “¥ 1o b7 2 7TRG
a OKHCb KaJibllHsl BO3Bpalllaercd K 7

(7-8) no ypaBHeHHIO
z
N
/
'napat OKHMCH KaJiblHsi HarpeBaeT- " 15 L \7,
91 VAR ]‘

Pl
B

Ly

nepBOHAYaJbHOMY COCTOSIHHIO TPH 5 5"
320°C no Jaunuu 9-10. Tennora, oy % /
BblAeAfAlOLIasACe B Inpouecce 7-8 5 g .
npu 320°C, uaer Ha nojayyesdde na- g

b4 4 & S,Kaqnfnr-cpal)

pa B oObiuHOM IHKJe PeHxuna.

Toykn co WITPHXAMH Ha pHC.

7.39 nOKa3bLIBAIOT BO3MOXHOCTD IO- S:pc'ﬁu’ll;'ggiwfo_sTé‘:;ggsl’jg“uaé‘g‘c"a af;
JydeHHs Temaa AJsi UMKJa PeHKH-  cmecn Boma — oxuch Kambums.

Ha He IIpH 320, a IIpH 510 uau 1—V — norpauuunble KpuBBe PaGOYHX TeJ.
560°C  (uukawl  5-67-7-8' H

57-6"-7"-8” COOTBETCTBEHHO).

B pacuerax KIIJ Bcelf cxembl mpeanosiarasoch, 4YTo BLICOKOTEMIIE-
paTypHblii aGcopOLUHOHHBIA UHKA HMeer Takoii xe KOII, kak u Hu3Ko-
temnepartypubiii, OrmeueHo, yro B EBpone u Hnonuu croumocTs ajek-
TPOSHEPTHH CKJaAaAbiBaercs Ha 67% u3 TonauBHo# U Ha 25 Y% — u3 Ka-
MUTaAbHOH COCTABJSIOUIHX, TOITOMY 3KOHOMHS 33 % TommnBa mo3Bos-
eT BJOXKHUTb B HaACTPOHKY Takue K€ KallHTaJbHble 3aTpaThl, KaK H B
B OCHOBHOH IMKJ, 6e3 NOBbIIIEHHS] CTOHMOCTH 3JIEKTPOIHEPIrHH, DKOHO-
MHIO KANHTAJOBJOKEHUH MOXHO MOJYYUTb 3a CYeT CYLIeCTBEHHOTro
yMeHbIIeHHsI TOTPeGHOCTH B PPafUPHAX H CHHXKEHHS HaBJEHHUS B LUHKJe
Penknna or 25 xo 10 MIla. Kpome TOro, ynomsiHyThl BO3MOXHOCTH
BCHOJIb30BAHUSL AKKYMYJSTOPOB TeNJia B TeMJIOHACOCHOH YCTaHOBKE
M NpUMEeHeHHs CXeMbl JJIsi CYLOBHIX IABHraTeJefl.
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YBAXAEMBIE UUTATENMU!

dHeproatomusaatr B 1983 rogy roroBHT K H3AaHHIO
CefyIOHIHe KHHIH

CEPUE «3KOHOMMKA TOMNIMBA U DNEKTPOIHEPTUM»

TFonoskuu M. II. Yayuwenne koapduunesra mou-
HOCTH npeo0pa3oBaTeJbHOH NMOACTAHLHMH TMOBBLIIEHHOW Ya-
CTOTBL. — 5 JI., WI. — (3KOHOMHS TOIVIHBA W 3JIEKTPO3HEp-
ruu). 25 k. 10 000 3k3.

PaccmaTpuBalOTCH peXMMbl pabOTH napanienpHo pabGoTaroulux re-
HEpaToOpoB Npeo6pa3oBaTeNbHON MOACTAHUHH B YCAOBHAX SKCIVIYaTalHH,
MPHRYHHE], BHI3HBAIOLINE H3MEHEHHE DEaKTHBHOH MOIIHOCTH B CHCTEME
(reHepaTOpH, CeTb MNOBHIUIEHHOH YacTOTH, 3JEKTPOHArpeBartejH), Crno-
co6hl KOMIEHCAlHH DEaKTHBHOH MOLIHOCTH H CPEACTBA DeryaHpOBaHHS
MOIIHOCTH KOMMEHCHPYIOIHX YCTPOHCTB.

Jns HHXXeHepHO-TEXHHYECKOTo NepcoHana MpefnpusTHi, SKCAAyaTH-
pyioulero npeoGpasoBaTeNbHHE HOACTAHUHMH MOBHIIEHHON YaCTOTH, H pa-
GOTHHKOB TMPOEKTHHIX M HayYHO-HCCJAEAOBATENbCKHX OPTaHH3alHil, 3aHH-
MaIOLIHXCH BOMPOCAMH 3JMEKTPOCHAGKeHUs HHAYKUHOHHHX YCTalOBOK.

Ilnau Ne 6

Hapamwos B. II. KonpeHcatopHble ycTaHOBKH MNpoO-
MBILIJIEHHBIX NPeANIpUATHHA. — 2-e H3A., mepepab. u gom. —
16,5 J., un. — (DKOHOMHS TONJIMBA H 3JEKTPOIHEPrHH). —
85 k. 15000 3k3.

Usnoxenb! OCHOBHBIE NOJOXEHHSI DacyeTOoB MO BHIGOPY KOMIEHCH-
PYIOLIHX ycTpOficTB B ceTsX npoMnpeanpusaTuil. IIpuBesensl cxeMbl 3JeK-
TPHYECKHX COeJMHEHHII KOHAEHCATOPHBIX YCTAHOBOK H CHOCOOGH aBTO-
MaTHYECKOTO PeryIMpoBaHHsl MX MomHOocTH. MasnaraloTcss oCHOBHBIE CBeC-
J€HHS MO KOHCTPYHDOBAHHMIO, MOHTAXy H 3SKCIJYaTalHH YCTAHOBOK, a
TaKXe NpPHBEeJeH 0030p 3apyGeiKHbIX KOHAEHCATOPHHIX YcTaHoBOK. [lep-
BOe H3j]aHHe BHILIO B 1972 r. Bo BTOpOM H3jaHHH R06aBJeHH CBeAEHHS
O HOBBIX HOPMaTHBHBIX JOKyMEHTaX B OOJAacTH KOMMEHCAlLHH PeaKkTHB-
HOH MOLHOCTH, 2 TaK)Ke HOBHe pellleHHs MO aBTOMATH3alHH KOMMeliCH-
PYIOIIHX YCTPOHCTB.

Jns HHXKeHePHO-TeXHHYECKHX pPaGOTHHKOB, 3aHHMAIOLIUXCSH NpOeK-
THPOBAHHEM H 3KCHJAyaTalHedl 3/1eKTPHYECKHX YCTAHOBOK, MOXeT OHIThb
NoJe3Ha yqalluuMCesl TeXHHKYMOB H BY3OR.

Ilnag Ne 7



Konnitos 0. B, Uynaunos B. A. 9KoHomusa 3JeK-
TPOHEPrUH B NpombiujeHHOCTH: CpaBOYHHK. — 2-€ H3L,,
nepepab. ¥ gom. — 6,5 J., M. — (DKOHOMHS TOINIHBA H
anekTpoanepruu) — 35 k. 80 000 sk3.

PaccMOTpeHbl MepOIpPHATHS MO 5KOHOMHH 3JEKTPO3IHEPrHH, OCyUIeCT-
BisieMble Ha GOJbUIKHCTBE NPOMBIUVIEHHHX npeanpustuii. Jlavs MeToan
pacuera 3(hdeKTHBHOCTH 3THX MepONPHATHA M  DPEKOMEeHJAaUWH no
onpejesieHnio oxupaeMoro sddexra B Tex caydasx, Korja eule He pas-
pa6oTaHH MeTOAn ero pacuera. Ileppoe H3namue BbuIO B 1978r.
Bo BTOpOM H3ZaHMH JONOJHEHH M PacCWIMpeHH METOAH pacueTa H pe-
KOMeHJalUMH NO OXHAAeMOH 3KOHOMHMH 3JEKTPOIHEPTHH Ha 3JeKTpo-
YCTaHOBKaX, 2 TaKiKe HNPEACTaBJeHH NDHMEPH MNojcYeTa 3¢QdeKTHBHO-
CTH NPHMEHHTE/BHO K NpejiaraeMHM MeTOLAM.

Jlnsi 3HePreTHKOB NPOMBIIEHHBIX NPEANPHATHA M HHXCHEPHO-TeX-
HHYECKHX PaOOTHHKOB 3HEProcObITOB.

ITnaun Ne 8

Kpacuuxk B. B. ABToMaTAYeCKHe YCTPOHCTBA no KOM-
AEHCALMH PEAKTHBHON MOLIHOCTH B 3JIEKTPOCETSX NPEANpHs~
THil. — 2-e u31., nepepab. u pom. — 8 ., wa. — (DKOHOMHSA
TOMJHBA M 3/MeKTposHepruu) — 40 k. 12 000 3ks. :

PaccMoTpenbl cnocoGh M CpeAcTBa KOMNEHCAUMH DEaKTHBHOM MOIL-
Hoctn (PM) ¢ npuMeHeHHeM aBTOMAaTHYECKH DEryJHPYeMBIX YCTPOHCTB
C yue€TOM HOBBIX NPHHUMIIOB OLEHKH CTeNeHH KOMIEeHCALMH; RAIOTCS pe-
KOMEHZAUHH NO HX TPHMEHEHHIO; H3JIaraloTCi CHelHaJbHbHE MEeTOLEl
KomneHcauuy PM y HaunGonee pacnpoCTpaHEHHBIX NPOMBILIIEHHHKX
aneKkrponpreMHHKoB. IlepBoe M3ganne Buiuwio B 1975 r. Bo BTopoM H3-
JAHHH DacCMOTPEeHbH HOBble CXeMbl aBTOMAaTHYECKOTO peryJHpOBaHH#
PM, naHa oueHKa 5KOHOMHYECKOH 3((eKTHBHOCTH aBTOMaTHYECKOH KOM-
neHcaud PM u nokasad yuep6 oT KpyryocyTOYHOH paGoTHl HeperyJu-
pyeMHX KOHAEHCAaTOPHHX YCTaHOBOK.

Jlns HHXeHepOB H TEXHHKOB, paboTalomiUX B 06GMacTH IHPOEKTHPO-
BaHHS, HaJaAKH H 3KCIIYaTAUHH NPOMHIULIEHHHX 3J/eKTPOYCTaHOBOK,
MoXeT ObITb HCHO/B30BaHA CTYACHTaMH H acMHPaHTaMH 3JEeKTPO3Hep-
FeTHYeCKHX CNelHaNbHOCTe .

[Mnau Ne 9.

Ilotepn 3aMeKTpPO3HeprHH B 3JEKTPHUYECKHX CeTAX 3Hep-
rocuicteM /| B. 3. Boporuuukuir, 10. C. )Kenesxko,
B. H. Kaszasues u ap. Ilox pea. B. H. KasaHuesa. —
20,5 a., uia. — (DKOHOMHS TOIJIMBAa M 3JEKTPO3HEpTHH).
B nep.: 1 p. 30 k. 15000 3x3.

PaccMoTpeH Bech KOMIVIEKC BONPOCOB, OTHOCSUIMXCH K 3ajaye CHH-
JKeHHS] MOTePhb 3JeKTPOSHEPrHH B CETAX: METOAH PacyeTHl M NPOTHO3H-
poBaHHSl NOTePb B CETAX DA3JMHYHHX HANPSKEHHN, aHAJH3 CTPYKTYPH
noreps, BHOOp HanGosee 1enecOO0pPa3HBIX MEPONPHATHH MO CHHKEHHIO
MOoTePb H PacyeT HX TEXHHKO-3KOHOMHYECKOH 3(G¢eKTHBHOCTH, NJAaHUPO-
BaHHE BENHYHHH MOTEPb H MEPONPHATHHE NO WX CHHXKEHHIO IS pa3nHy-
HBIX CTPYKTYPHHIX RNOApasjeneHuit sHeprocucreM. Jlaiotcs pekomenna-
UMY MO OPTaHM3aLUHH KOHTPOJA 3a MOTPeGJeHHEeM 3JEeKTPO3HEPTHH H CO-
BEpIICHCTBOBAHMIO CHCTEM Y4eTa.

Lns MHMKeHepHO-TEXHHYECKOTO MEPCOHANa 3HepProCHCTEM M NPOEKT-
HbIX OpraHu3anui.

Hnau Ne 10,



Pei JI. 3KOHOMHS 3HEPrHH B MPOMBIUIEHHOCTH: Tlep.
c aura. — 20 &, WA, — (DKOHOMHS TOILUIMBA H 3JIEKTpO-
sHeprun) — Ilep. uax.: Reay D. Industrial Energy Con-
servation. Okedopa, 1979. — B nep.: 1 p. 70 k. 12000 3xks.

TIpuBoAHTCA KOMILIEKC KOHKDETHHX MEPONDHSATHH NO peajusanuy
sHeprocGeperamoliefi NMOMUTHKA B Pa3JHYHHX OTPACIAX NPOMBILUIEHHO-
cTH. PaccMaTpHBaOTCA CXeMbl TEXHOJOTHYECKMX MpPOIECCOB, aHAJH3UDY-
IOTCSE OCHOBHblE TEODHH TeNJa M 3/EKTPOSHEPIHH H NYTH MOBLILICHHS
3¢)}eKTHBHOCTH HX HCIONB30BaHMA. Dosburoe BHEMaHHE YaeasieTcs pe-
Kynepauiy Tela H COXPaHEHHIO ero B 3AaHHAX.

A5l HHXEHePHO-TeXHHYeCKHX PaGOTHHKOB, a TaKke JId CTYAEHTOB
SHEPreTHYeCKHX HHCTHTYTOB M TEXHHKYMOB.

Ilnan Ne 11.

9ddekTHBHOE HCNOAbL30BAHHE TOIIMBHO-3HEPreTHUECKHX
pecypcos / Ilonx pen. . b. Boabdbepra. — 15 a., ua. —
(OkoHOMHSA  TONMIMBA H 3JEKTPO3HepruH). — B mep.:
1 p. 20 x. 10000 3xk3.

PaccmoTpeH Bech KOMBJIEKC MEPONDHATHH, OCYIHECTBJSEMEIX WK
HaMeYeHHHX HA NepcneKTHBY B 06/acTH pPaUHOHANH3AUAM HCNOJb3O-
BaHHS M 3KOHOMHOIO PacXOJ0BaHMS TOMMMBAa H 3Heprud. Jlan aHaius
COBPEMEHHOTO COCTOSIHHS NpoGJaeMbl, NOKa3aHW MPEHMYINEeCTBa COLMa-
JHICTHYECKOTO X03AHCTBAa B pEUISHHH paccMaTpuBaeMoil npobaembl, Kuu-
ra HanucaHa cneuranucramu CCCP, I'IP, UCCP, BHP.

Jlna WHPOKOro Kpyra YYeHHX M CHEUHAJHCTOB, DPYKOBOAHTEEH
3HePreTHYEeCKHX H NPOMBILVIEHHBIX NPeANpPHATHIL.

Ilnaw Ne 12.

3aKa3are KHuau MONHO 80 BCeX MAZA3UHAX,
PACNPOCTPAHAIOUUX HAYUHO-TEXHUHECKYIO AUTEPATYPY.






