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PaccmoTpeHa BO3MOXHOCTb WCMOSb30BaHWs TEMMOBOro Hacoca 1 Tennooo-
MEHHOrO annaparta B CUCTEME BEHTUNSUMW ONS YTURAU3aUMN TensoTbl BbITSKHO-
ro Bo3gyxa. [lokasaHo BRUsIHWE XapaKTEPUCTMK BO3gyxa Ha 3SHepreTuyeckyto
3 DEKTUBHOCTb TEMMOYTUNN3ALMOHHBIX YCTpoicTB. OCOGEHHOCTLIO UCMNOMb30Ba-
HMS TEMNJIOBOrO Hacoca SIBMAETCS TO, YTO MCTOYHWUK BTOPUYHON TEMNOTbl UMeeT
Gornee BLICOKYIO TemnepaTypy, Yem noTpebutens. MonydyeHbl pesynbTaTbl Napa-
MeTpPOB TEMMOBOrO Hacoca W TenrnooOMeHHOro amnapaTta, XapakTepusyoLine
3 DEKTUBHOCTb UX NPUMEHEHUSI B CUCTEME BEHTUNALIUN.

KntoyeBble cnoBa: TeNMOBOWM HAacoc, TENNOYTUNN3aTop, MPUTOYHO-BLITSXKHAs
BEHTUNAUMSA, TeMnepaTtypa, TEMMNOBOW NOTOK, TEMNIonpon3BoaUTENbHOCTb, SHEP-
reTnyeckasi a¢peKTUBHOCTb.

Mn. 5. Bubnwuorp.: 7 Ha3B.

The paper considers a possibility to use a thermal pump and heat-exchange
device in the ventilation system for heat utilization of exhaust air. An influence of
air characteristics on _energy efficiency of heat-utilizing installations has been
shown in the paper. Specific feature of the thermal pump application is the fact
that a source of secondary heat has higher temperature than a consumer. The
paper contains results of thermal pump and heat exchange device parameters,
that characterize their efficiency while being applied in a ventilation system.

Keywords: thermal pump, heat recovery unit, suction and exhaust ventilation,
temperature, heat flow, heat output, energy efficiency.
Fig. 5. Ref.: 7 titles.

B TpanuuuoHHBIX cHUCTEMaxX BEHTWISIUU B XOJOJHBIM MEpUOA roja BMECTE
C BBITSDKHBIM BO3JyXOM M3 ITOMEIIEHHUS B OKPYKAIOLIYIO0 Cpely BhIOpachIBaeTcs
TEII0Ta, TIPY ATOM OJTHOBPEMEHHO OOJIBIIIOE KOIMYECTBO JHEPTHH 3aTPavunBacT-
csl Ha HarpeB cBeXero arMocepHoro mpuTodHOro Bozayxa. s yrunmuzanun
TEIUIOTHl BBITSHKHOTO BO3JyXa B CHCTEMax MPUTOYHO-BBITSDKHOW BEHTHIISALIUU
MOT'YT MCIOJIb30BAaThCs pa3InyHbIe TEIUIOYTHIM3AUUOHHbIE ycTpoiicTBa. K HUM
OTHOCSITCS TETUIOYTHIIN3aTOPhI-TEIIIOOOMEHHUKN W TEIIOBBIE HACOCHI, o0ecIie-
YMBAIOIINE yBEINYEHUE MOTEHIMANa TEIIOThl. BO3BpaT TEMIOTH U €€ MOBTOp-
HOE HCIIOJIb30BaHKE ITTO3BOJISIIOT MOBBICHUTH dHEProd()(EKTUBHOCTh CHCTEMBI U
9KOHOMUTH JI€HEXKHBIE cpelicTBa. KpoMe Toro, npuMeHEeHNe yCTPOWCTB yTHUIIH-
3aldy TEIUIOTHI JaeT BO3MOXKHOCTH Oepedb W SKOHOMHO pacxoJ0BaTh HMPUPOI-
HBIE PECYPCHI.
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Oco0EeHHOCTBIO UCTIONB30BaHMs TEIUIOBOIO HACOCA B CUCTEMaX BEHTUISLIUU
SIBJIICTCSL TO, YTO MCTOYHWK HU3KOIOTCHIMAIBHON TEIUIOTHI — BBITSDKHOUM BO3-
IyX — UMeeT Ooliee BBICOKYIO TEMIIEpaTypy, YeM IMOTPEeOUTENh — MPUTOYHBIH
Bo3ayX. B [1, 2] paccMmarpuBaeTcsi NpUHIMNAAIBHAS BO3MOKHOCTH IPUMEHEHHUS
TEIUIOBBIX HACOCOB B CHCTEME MPUTOYHO-BHITSHKHON BeHTWIAMH. OIHAKO HE
MIPEICTaBICHbI TaHHBIC, CBUACTEIBCTBYIONINE 00 APPEKTUBHOCTH U IEIEeCO00-
Pa3HOCTH UX UCIIOJIb30BAHUSI.

B nmanHO# cTaThe IpOBENEH CPaBHUTEIBHBIN aHAIN3 pabOTHl TapOKOMITIPEC-
CHOHHOTO TEIIOBOTO HAcOCa M YTHJIM3AIIMOHHOTO TEIUIOOOMEHHHKA B CHUCTEME
MIPUTOYHO-BBITSDKHON BEHTWISIIIMUA. [lO7y4eHBI KOJUYECTBCHHBIC NaHHBIC, Xa-
pakrepusyronie 3()pGEeKTHBHOCTh MPUMEHEHUS yKa3aHHBIX YCTpoucTB. s uc-
CIIEIOBAaHHUS PACCMATPHUBAETCS TPUTOYHO-BBITSDKHAS BEHTWISIHUS TPOU3BO-
CTBEHHOTO 3JaHMs. Temmeparypa Bo3lyxXa B HEM JOJDKHA TOAJCPKUBATHCA
16 °C, 4TO COOTBETCTBYET KOM(OPTHBIM YCIOBUSIM TIPU BBITOIHEHUH PabOT
CpEOHEN TAKECTH.

Cxema MPUTOYHO-BBHITSHKHONW BEHTHIIAIUU C TEIUIOYTHIHU3aTOPOM-TEII000-
MCHHHUKOM, KOTOpLIﬁ IMMO3BOJIACT HCIIOJIB30BATH TCIIOTY BBITAXKHOI'O BO34yXa,
mpenctaBieHa Ha puc. 1. HapyxHbIif BO3ayX ¢ TemmepaTypol t;; BcachiBaeTCs
MIPUTOYHBIM BEHTHIISITOPOM, IIPOXOS Yepe3 TeIIO0OMEHHBIH arnmapar, HarpeBa-
eTcs 10 TeMIeparypsl t,, u mocTynaer uepe3 BO3ILyXOBOABI B IoMelleHHe. Bol-
TSDKHOW BO3YX C TEMIeEpaTypou 1, yaamsercs w3 MOMeIleHUs BBITSDKHBIM BEH-
TAJISTOPOM M BRIOPACHIBAETCS B OKPYIKAIOIIYIO CPEMY C TEMITEpaTypoi Ly,.

2 1 3
BriTsxHOI| IIpuTounsrii
BO3IYX | BO3yX
tBl: GB tﬂlv Gn
th p V tB2
4 5

Puc. 1. Cxema IpUTOYHO-BBITSDKHON BEHTHISILIMOHHON YCTaHOBKM C YTUIM3aTOPOM TEIUIOTHIL:
1 - remnoytnnu3sarop; 2, 3 — GUIBTP BEITSHKHOTO M MPUTOYHOTO BO3/IyXa;
4, 5 — BEHTHJIATOP IPUTOYHOTO U BBITSDKHOTO BO3IyXa

B cucreme NpUTOYHO-BBITSDKHOM BEHTHIISIIMK HCCIIETYyEeMBId TEMI000MEH-
HUK TIPEICTABIsUT COOOH IUIaCTHHYATO-PeOpUCTHIN anmapar. TermooOMeHHHK
coOupasii u3 TIIAJKUX TUIACTHH, 00pa3yoNIiX TUIOCKKE KaHabl (puc. 2a). Mex-
Iy HUMH YCTaHaBJIMBaJIM peOpUCTbIe Hacagku TpeyrosbHoro (puc. 26), U- u
[T-o6paznoro wiu apyroro mpoduis (puc. 2B, T), YTO YBEIUYHMBAJIO MOBEPX-
HOCTb TEIUI000MEHA B 331aHHOM 00beMe.

AKTUBHYIO MOBEPXHOCTh MCCIIEAYEMOT0 TEIUIOOOMEHHUKA cOOpalii U3 Iuia-
CTHH, MEXAY KOTOPBIMH pacIojiarajf HacaJkWh ¢ KaHaJllaMd B BHJIE€ PaBHOCTO-
POHHUX TPEYroJAbHUKOB ¢ TpaHbio 11,55 m Tommuuoir 0,15 mm. Paccros-
Hue Mexay miactuHamu |, = 10 mm. [lnomanp TenmIooOMEHHOH MOBEPXHOCTH
cocraBisma 86,9 M2, TIONIAb KMUBOTO CEUCHHMS JUTS IPpoxoaa Bosmyxa 0,14 Mm%,
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SKBUBAJICHTHBIN juamerp kananos D, = 6,43 - 107 M. Pa3Meps! (pOHTATBHBIX
ceuennit armmapara 0,7x0,7 M, rnyouna | = 0,3 M. Cxema JBIKEHHS TOTOKOB —
NPOTUBOTOYHASI, JABMKCHHE MPUTOYHOTO M BBITSHKHOTO BO3JyXa OCYIIECTBIISI-
JIOCh B YEPEAYIOIINXCS KaHaIax.
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Puc. 2. Cxema IOTOKOB BO3/yXa H IOBEPXHOCTEH TemI00OMeHa TEIUIOYTHIM3aTOpa
C IJIACTHHAMHU: a — TIaJKUMHU; O — TpeyronbHbIME; B — U-00pa3abivu; T — [1-00pa3HeIMU

Uccnenyemasi TerioHacocHasi CUCTeMa BKIIIOYANIa BO3AYIIHBIC HCIIAPUTENh
u koHAeHcarop (puc. 3). Mcmaputens, BEIMOMHSIOMWN (DYHKIIUN TETUIOTPHEM-
HUKA, YCTAaHABJIMBAIN B BEITSDKHOM BO3/IyXOBOJIE, KOHJICHCATOP — B IPUTOYHOM.
[ToBepxHOCTH TerIOOOMEHa HaOUpaIM W3 OMMETAJUTHYECKUX PEOPUCTBIX TPYO
(BPT), pacmonoxeHHBIX B IaXMAaTHOM IOPSIKE, C HECYIIEeH CTAIbHOH TpyOoil u
HaBUTBIMUA BHHTOBBIMU peOpamul u3 amroMuHus. Mcmapurens cocTtosur u3 Tpyo
pasmepoM 14x1 mm ¢ peOpamu Bbicotoit 8,0 MM, TonmuHON 0,5 MM, mIarom
opeOpenus 6,3 MmM. Yucno psnos TpyO mo xoxy Bosayxa — 10. Kongencatop
BKJIIOYaJ TpyOB! pasmepoM 12x1 mm, ¢ peOpamu TomuuHoi 0,3 MM, BBICOTOM
7,0 MM, 1mrarom opebpenus 3,4 MM U HIECTBIO psaaMH TPyO IO XOAY BO3IyXa.
CKOpOCTh BO3[lyXa B C)KaTOM CEUSHHM TPYOHOTO IMyuyka cocTariisiia 6,5—-7,0 m/c
B 3aBUCHUMOCTH OT TeMIIepaTypbl. Takke B COCTaB YCTAHOBKH BXOJUJ KOMIIpecC-
cop XI'B-14, paboTaromiuii Ha xsanareHTe R22. ICTOYHUKOM TEIUTOTHI SIBJISLICS
BBITSDKHOU BO3IyX ¢ Temmeparypoii 24 °C. HarpeBaemasi cpeia — MPHUTOYHBIM
BO3/YX ¢ TepeMenHoi Temmeparypoii ot (—10) mo (+6) °C, koTopast 3aBHCHT OT
TEKyIIUX KJIMMATUYECKUX YCJIOBUM B XOJIOJIHBIM Nepuoj roga. Pacxon npurou-
HOTO H BEITSDKHOTO BO3/yXa MOAJIEPKUBATH TOCTOSHHBIM.

3 6 7
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Puc. 3. CxeMa yCTaHOBKH AJIs YTHIM3ALUU TETIOTHI BHITSXKHOTO BO3AyXa!
1 — ucnapuTens; 2 — koMIpeccop; 3 — KOHACHCATOP; 4 — TEPMOPETyIUPYIONIHI BEHTIIIb;
5, 6 — BBITSDKHO# M IPUTOYHBIN BO3IyXOBOJ; 7 — pe3epBHBIil Kanopudep
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Pacuer mapameTpoB HcciaeyeMbIX YCTPOMCTB MPOBOIMIM Ha OCHOBE paspa-
0OTaHHOTO KOMIUIEKCHOTO METOJIa YUCICHHOTO aHalu3a MapoOKOMIIPECCHOHHBIX
TpaHc(hOPMAaTOPOB TEIUIOTH [3, 4], MO3BOJSIONIETO MPOBOAUTH KAaK COBMECT-
HBIH pacyeT mapamMeTpoB LUKJIA U TEIIIOOOMEHHBIX annapaToB TpaHcopMaTopa
TEIUIOTHI, TAK M pacueT OTAENbHBIX YCTPOWCTB KOHTYypa. MeTo aHanmu3a peanu-
30BaH B BHJC MaKeTa MPOrpamMM s pacyera MmapaMeTpoB MapoOKOMIIPECCHOH-
HBIX TPAaHC(HOPMATOPOB TEILIOTHI [5].

Pacuer k03(¢(UIMEHTOB TEIIIOOTA4YM U TIOTEPh JABICHUS ISl TUTACTHHYA-
TO-pEOPUCTOTO PeKynepaTopa MPOBOAMIN C UCIIOIb30BAHHEM YpaBHEHUT [6]:

| -0,934

Nu =1,99Re%% pro3. (1)

1+m

Eu=2ARe"| | )
D

3

rae Nu — gucio Hyccenbra; Re — uncino Peitnonbaca; | — anuna kanana, m; D, —
SKBHUBAJICHTHBIN AMaMeTp KaHalloB, M; Pr — uucio Ilpanaris; Eu — gucno Dite-
pa; A — ko3 duiueHT [6]; N, M — OKa3aTeIu CTEIEHH [6].

Paccmotpum 3(pPeKTHBHOCTh MCIIONB30BAHUS TEIUIOBOTO HACOCA WU TEILIO-
oOMEHHHMKa-yTHIn3aTopa. V3MeHeHne Temmeparypbl MPUTOYHOrO Bo3ayxa i,
rocjie MOAOrpeBa B TEIUIOYTHWIIM3aTOpPEe U KOHAEHCATOpE TEMJIOBOIO Hacoca
B 3aBHCHUMOCTH OT TEMIIeparyphl t; aTrMochEepHOro BO3AyXa, MOCTYHAIOIIETO
B 3TH YCTPOMCTBA, IIOKa3aHO Ha puc. 4. B XonoaHbI iepuo rojga Temieparypa
HapyxHoro Bozayxa m3mensercs oT (-10) mo (+6) °C, u npu wucmonb3oBa-
HUU YTWIM3AIMOHHOIO TEIJIOOOMEHHUKA OH COOTBETCTBEHHO HArpeBaercsi OT
17,8 no 20,6 °C. HebGonpmioe u3MeHeHNE TeMIepaTypsl L, OOBsICHIETCS TeM,
YTO C YMEHbIIIEHUEM {;; TeMIepaTypHBIH HAIOp, a CIEIOBATEIHHO, M TEIUIOBOH
MOTOK arapara, BO3pacTaror IPH 3aJaHHBIX YCIOBUAX 3KCIuTyaTanuu (puc. 5).
[Ipu mogorpeBe MpUTOYHOrO BO3/AyXa B TEIJIOBOM Hacoce Temreparypa t, us-
MeHsieTest cymectBeHHO — oT (—1,8) mo (+15,5) °C (puc. 4). D10 CBsI3aHO C U3-
MEHEHHEM CTEHEHH CXKaThsl B KOMIIpeccope. B aToM ciydyae Bo3mMyX MOMKEH J10-
MOJIHUTEJIbHO HarpeBaThCs B pe3epBHOM Kanopudepe (puc. 3).

22; 50
Lz, 1(8:// Q, kBT A
16 40 {
14] -7
12] P 35 1
10] -7 i
8] e 30
6] 7 25 1
4_ P -
2] -7 20 A
0 .--7 | [ —
2}- 151 e
4 . . . . T T T 10 T T T T T T T
-10 8 6 4 -2 0 2 ty,°C 6 -0 8 6 4 -2 0 2t,;,°C 6
Puc. 4. I3MeneHue temnepaTypbl Puc. 5. I3MeHeHue TEMI0BOro NOToOKa
MPUTOYHOTO BO3JlyXa MOCJIe HarpeBa: (TETUIOPON3BOIUTETHHOCTH ):
—— — B TEIUIOYTHJIM3ATOPE; - - - — TEIJIOYTUIIN3aTOp; —— — TpeOyeMblit
- - - — B TCIUIOBOM Hacoce TEIJIOBOM IOTOK; -+-+- — TEIUIOBOM HAcOC
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V3MeHeHne TEmIOBOTO MOTOKA YTHIM3ALMOHHOTO TEIUIOOOMEHHHMKA M Tell-
JIOMIPOM3BOJUTEIBHOCTH TEIUIOBOTO Hacoca TMoKazaHo Ha puc. 5. [Ipu yBenuue-
HHH TeMIlepaTypbl IPUTOYHOTo Bo3ayxa oT (—10) mo (+6) °C TemioBoi MOTOK
TerioyTuin3aTopa ymenbmaercs ot 48,0 mo 24,9 kBr. CHmwkeHne TemioBoro
MOTOKA CBS3aHO C MaJCHUEM TEMIEpPaTypHOTO HANopa, YTO KOMIIGHCHPYETCS
TpeOyeMbIM MEHBIIUM MOJOTPEBOM BO3Ayxa 0e3 HMCIOJIb30BaHUs Kanopudepa.
J1ist 3THX YCIOBHUI TETIONPOU3BOAUTEIBHOCTS YBEIMUUBACTCSI COOTBETCTBEHHO
ot 13,7 no 16,1 kBT 3a cuer yMeHbIIEHNsI CTETIEHU CXKATHS B KOMIIPECCOPE, UTO
HEZOCTAaTOYHO IS Tpebyemoro HarpeBa Bo3ayxa. OJHAKO TETUIOBOW HAcOC
AMeeT BBICOKHI ko3 duImenT npeodpa3oBaHus ¢, 3HAYSHUE KOTOPOTO COCTAaB-
nsieT 6,02—4,20, 94T0 yKa3bIBaeT HA €r0 IHEPTeTUICCKYIO AP DEKTUBHOCTD.

VYpoBeHb moporpeBa Bo3ayxa B KOHIEHCATOPE TEIUIOBOIO HACOCA OMpeNesis-
eTcs TEMIIepaTypol XJaJareHTa Ha BBIXOAE KOMIIpeccopa, a TakKe COOTHOIe-
HUEM BKIaJa TEIUIOTHI TeperpeBa M KOHJACHCAINH. TemmepaTrypa XiajgareHTa
nociye komrnpeccopa ysenuuupaercs oT 30,3 no 53,2 °C npu pocte Temmepary-
pbI ipuToyHOTO Bo3ayxa ot (—10) mo (+6) °C. Ilpu 3TOM meperpes mnapa Ha BXO-
Jie B KOHJCHCATOP BO BceM auamna3zoHe coctapisier ~23 °C. OCHOBHOH BKIaj
B TEIUIOBYIO HArpy3Ky KOHJEHCATOpa BHOCUT TEIIOTa KOHACHCAIUHU, B TO XKE
BpeMs IO TeIUIOTHI eperpeBa Npu pocTe TeMIepaTyphl BBITSKHOIO BO3OyXa
B cpenHeM yBenuuuBaeTcs Ha 3—4 % [7].

[Ipy wcmonmb30BaHUM TEMJIOBOTO HAacoca sl JOCTIDKEHHUS TpeOdyeMoro
HarpeBa NPHUTOYHOTO BO3AyXa HE00XOAMMa YCTAaHOBKA OONbLICH MOIIHOCTH
A C PErylIupyeMOM IPOU3BOAUTEIBHOCTBIO. BTOpoH myTh IperycMaTpUBAacT
YMEHBIIIEHHE pacxojia MPUTOYHOTO BO3/yXa C YYETOM perjlaMeHTa padOoThl BEH-
THJISIHH.

BbIB O 1 bl

AHanM3 MCHONB30BaHUS MAPOKOMIPECCHOHHOTO TEIUIOBOTO HACOCA M KOM-
MAKTHOTO IUIACTHHYATO-PEOPHCTOrO PEKyNepaTHBHOTO TEIUIOOOMEHHOTO amiia-
para Uil yTHIM3alUH TEIIOTHI BBITSHKHOTO BO3yXa B CHCTEME IPHTOYHO-
BBITSDKHOM BEHTWISALMH HPU M3MCHEHHH TEMIIepaTypbl aTMOC(EPHOro BO3ayxa
ot (-10) mo (+6) °C nmoka3zau:

e MPUMEHEHHE TEIUIOBOI'0 HACOCA MO3BOJISIET CHU3HUTH SHEPro3arparhl MpH-
MepHo Ha 30-80 % npu kosdduumente npeodpasosanusa 6,0—4,2, HO Tpedyer
JIOTIOJTHATENILHOTO TIOIOTPEBa BO3Lyxa B Kajopudepe;

e PEKYIEpaTHBHBIA TEIIOYTHUIIM3ATOP OOECIeYHBAaET HArpeB MPUTOYHOTO
aTMoc(epHOro Bo3ayxa J0 TpeOyeMoli Temrneparypsl 0e3 HCIoIb30BaHUS Kalo-

pudepa.
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