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OQHEPIETUYECKAA 3PDEKTUBHOCTb NPUMEHEHUA
TEMNNOBbLIX HACOCOB lNPU CYLLIKE
CEJIbCKOXO3AUCTBEHHOI'O CbIPbA

Uropb BssyecnasoBu4 JlakomoB
KOpuin Muxannoeuy NMomoraes

BopoHexckui rocygapcTBEHHbIN arpapHbI YyHUBEPCUTET MMeHU umnepartopa lMetpa |

BbinonHeHa aHanuTMyeckasi oueHKa 3HepreTnyeckon 3EeKTUBHOCTM Npeobpa3oBaHust 3HEPrMn B MapOKOM-
NPECCUOHHBIX YCTAHOBKAaX C TENnoBbiIM HAcocoM. [lokasaHo, YTO MPUMEHEHME HU3KOTEMMepaTypHOW CyLUKM B
TEeXHonornm nepepaboTkn CenbCKOXO3ANCTBEHHOIO Chipbsi B MOCHeAHee BpeMsi Nonyynno LWMpPOKoe pacnpocTpa-
HeHue. Mcnonb3oBaHMe B KayecTBE UCTOMHMKA KOHOWLMOHMPOBAHHOIO BO3AyXa XONOAMMbHbLIX MaluunH, pabo-
TalLWMX B pexxMme TENMOBOro Hacoca, Nno3BonsieT 00e3BOXMBaTb CENbCKOXO3SIMCTBEHHOE Cbipbe 3a CYET Napo-
BNaXXHOCTHOIO MOTEHUMana Cywkn npy TemnepaType BO34yxa, paBHOM TeMmnepaType OKpyalllen cpegbl. 3To
NO3BOJSISIET COXPaHWUTbL NMPUPOAHbIE KavyecTBa NPOAYKTA, KOTOpble MOTyT ObITb yTpadeHbl B Npolecce TPaanLMoH-
HOro 06Ee3BOXMBaHUS!, NPY 3TOM MPOAOIPKUTENBHOCTb CYLLUKM CYLLEeCTBEHHO Bo3pacTaeT. NpeacraBneHbl pesyrb-
TaTbl UCCNEQOBAHMSA HEKOTOPbLIX aCMeKTOB 3HEPreTMyeckon 3(pEKTUBHOCTM NPOLLECCA CYLLKA CEflbCKOXO3ANCT-
BEHHOMO Cbipbsi C NPUMEHEHNEM TEMMOBLIX HACOCOB, B XOA4E NPOBeAEeHUs] KOTOPOro M3y4eHO BO3AENCTBME Ha
3HepreTnyeckyto 3eKkTMBHOCTbL paboTbl TEMNSIOHACOCHOW YCTAHOBKM CriedytoLmx napaMeTpoB: TEMNOEMKOCTH,
pacxoga v KoadpULMEHTOB TEMNOOTAAYMN UCTOYHUKA TEMMa, B KAYECTBE KOTOPOro NMpUMeHsieTcsi oTpaboTaHHbIN
B CYLUMIIbHOW KaMepe BO3ayX, a Takke TemrnepaTtypbl KMNeHus 1 KoHaeHcauun xnagareHta. O6ocHoBaHa B3au-
MOCBS13b TEXHUYECKNX NMapamMeTPOB KOMMPECccopa, B YaCTHOCTU koadhduumeHTa npeobpasoBaHus Tenna ¢ UHAK-
KaTOPHbLIMW MOTEPSIMU AN peasibHbIX YCNOoBUiA paboTbl TEMSIOBOro Hacoca B HM3KOTEMMNEpPATYPHOWN CyLUMIIKE.
PaccmoTpeHbl AunarpaMmbl MOTOKOB 3HEPTUKU B PasfMyHbIX KOHCTPYKUUSIX M CXeMaX TEMMOHACOCHbIX CyLUMMbHbIX
YCTaHOBOK, noaTeBepxaatoLime ahPeKTMBHOCTb NPUMEHEHMSA TENOBbIX HAacocoB. [punBeaeHbl aHanuTUieckue m
nonyamMnupuyeckme 3aBUCMMOCTU KoadduLmeHTa npeobpasoBaHns MaeanbHOro U peanibHOro TennoBbIX HACO-
coB. CaenaH BbIBOA, YTO ONTUMAarnbHOE 3HAYeHWe TEMMOBOro KoaduuMeHTaHa NPOTSHKEHUN BCEro npouecca
CYLLKM JOCTUraeTcsl NyTeM M3MEHEHMS pexxuma paboTbl TEMNMOBOro Hacoca.

KIMKOYEBBIE CJIOBA: cyuika, aHepretuyeckasa apheKTMBHOCTb, TEMMOBON HACOC, KUMEHWE, KOHAEHCALMSI, XOnoaonpo-
N3BOANTENBHOCTb, KO3GhULIMEHT NPecbpasoBaHus.

ENERGY EFFICIENCY OF HEAT PUMPS IN THE DRYING
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The authors have performed an analytical evaluation of efficiency of energy conversion in vapor compression systems
with a heat pump. It is shown that low-temperature drying in the technology of processing of agricultural raw materials
has recently become widespread. The use of refrigerating machines operating in the heat pump mode as a source of
conditioned air allows dehydrating the agricultural raw materials due to the wet-steam potential of drying at ambient
temperature. This helps to preserve the natural qualities of the product that could be lost in the process of conventional
dehydration, but the drying time increases significantly. The authors present the results of studying some aspects of
energy efficiency of drying the agricultural raw materials using heat pumps. In the course of this research the authors
have studied the energy efficiency of heat pump operation under the influence of such parameters as heat capacity,
heat consumption and heat transmission coefficient of the heat source (which is represented by exhaust air from the
drying chamber), and boiling point and condensing temperature of the refrigerant. The authors have proved the
relationship between the technical parameters of the compressor, particularly the heat conversion coefficient and
indicative losses in real conditions of heat pump operation in a low-temperature dryer. The authors have also
considered the energy flow diagrams in heat-pump dryers with different designs and schemes confirming the efficiency
of using heat pumps. Analytical and semiempirical dependences of the heat conversion coefficient for an ideal and real
heat pumps have been reported. It is concluded that the optimal value of heat coefficient within the whole process of
drying can be achieved by changing the mode of operation of the heat pump.

KEY WORDS: drying, energy efficiency, heat pump, boiling, condensation, refrigeration capacity, conversion
coefficient.
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JIS1 TETJIOBOTO Hacoca, KOTOPbIH SBJISIETCS UMCTOYHUKOM TeIlIla HU3KOrO TeMIIepaTypHOTro

MOTEHIMaJIla B HU3KOTEMIIEPAaTypHOU CYILIUJIKE, OOBIYHO MPUMEHSIIOT aTMOC(hEpHbIN

WM OTpabOTaHHBIN (MOJOTPETHIN) B CYLIMIIKE BO3/1yX, COpachIBaeMyo (TEIIyI0) TeX-
HOJIOTMYECKYIO BOJY WJIM JABIMOBBIE I'a3bl KOTJIOB U neuel [2].

Haubonee BaXHbIMH XapaKTepUCTUKaMH HUCTOYHMKA TEIUIa HU3KOTEMIIEPATYPHBIX Te-
IJIOHACOCHBIX CYIIUJIOK SIBJISIOTCS TEIUIOEMKOCTb, Pa3HUIA TEMIIEpaTyp, pacxo] UCTOYHUKA
Teria, 3HaYeHUs KO3(PPUIIMEHTOB TeIJIoNepe1adHn.

Benuunna TemnepaTypsl KUIEHUs XJaaareHTa 7y; B LIUKIIE TEIJIOBOIO HAacOca BIIMSIET
Ha IPUMEHEHHUE TOTO WJIM UHOTO padouero Tejaa B Ka4ecTBE MCTOYHHMKA TEIUIa HU3KOTEMIIepa-
TYpPHOTO MOTeHIMala. BenuuumHa TeMiiepaTypbl KOHJEHCAIMU XJagareHta I; 3aBUCUT OT
TpeOyeMbIX 3HaUECHUHN TeMIiepaTypbl paboyero Teia BHICOKOTEMIIEpaTypHOTo NoTeHuana 7..
Haubonee 3¢¢dekTuBHBIMU IUKIAMHU MAaPOKOMIIPECCHOHHOTO TEIUIOBOTO HAcoca SBJISIOTCS
LUKIIBl C CHJIBHO BBIPQ)KEHHBIM CHM)KEHHUEM TEMIIEpaTypbl >KMJIKOIO XOJIOJIMIBHOIO areHra
rocJie KoHjeHcauu 7, 4To MO3BOJISET CYLIECTBEHHO YMEHBIIUTh PAa3HUILY MEX]y TeMIepa-
TYpOil KOHAEHCALIMU U TEMIIEPATYpPOil OKpykarouiei cpensl 71, .. binaronaps atomy Bo3pacra-
€T UHTEHCUBHOCTh TEIUIOOTAAuu B OXJIAJUTENE, MacCcoOBask XOJIOJIONPOU3BOAUTEIBHOCTD ¢y U
3HAYUTEIbHO CHUKAIOTCA [IOTEPU OT APOCCETUPOBAHUS Agp.

HekoTopble nononHUTENbHBIE 3aTPAThl MOITHOCTH N, BO3HUKAIOT B LIUKJIE H3-3a He-
00paTUMOCTH NOTEPB, C IPYrOil CTOPOHBI, IIPHU ITOM yBenuuuBaetcs O (puc. 1), uto Tpedyet
OTpe/ieNieHUs] BEIMUMHBI B3aUMOCBSI3U IpeoOpazoBanus sHeprud [ 1, 4].
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Puc. 1. lnarpamma NnOTOKOB 3HEpPrum Ans TennoHacoCHOM yCTaHOBKMU

[Ipu ycioBum nepexoaa MHAMKATOPHBIX OTEPHh B KOMIIPECCOPE B TEILJIO U MOJIY4EHUU
HUX XOJIOJUJIBHBIM arcHTOM BJIMAHUC HAa JSHECPIrETUYCCKYIO Bq)(l)eKTI/IBHOCTI) AaHHBIX ITOTCPb
YUUTBIBAETCS KO3PPUIIMEHTOM IIpeoOpazoBaHus Ly [9]
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52— KO3 OUIMEHT NOJIE3HOTO ACHCTBHS AIEKTPOIBUTATEIIS.
Jlist peasibHOM SKCIUTyaTalliy TEIUIOBBIX HACOCOB BhIpakeHue (1) MOXHO mpencTa-
BUTBHKaK MOJYIMIUPUYECKYIO 3aBUCUMOCTD
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JUTSl peabHBIX YCJIIOBHI pabOTHI TEIJIOBOTO HACOCA B HU3KOTEMIIEPATYPHOH CYIITHIIKE.
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Puc. 2. 3aBucumocTb koadpcbmumeHTa npeobpa3oBaHus peanbHOro TeNJIOBOro Hacoca wg
OT pas3fMyHbIX TeMnepaTyp KUneHusa tp U KoHaeHcaumm t, UICTOYHMKA Tenna

Ecnu cxema cymmiky npeaycMaTpUBaeT 3aMKHYTBIH KOHTYpP PELMPKYISIIUKU OTpado-
TaHHOTO paboyYyero Tejaa U MPUMEHEHUE JUIsl CYLIKH MPOJIYKTa MOATOTOBIEHHOIO (KOHAULIKO-
HUPOBAHHOT'0) OCYLIEHHOTO BO3/lyXa, B BO3JyXOOXJAIUTENIe YTHIN3UPYETCS TEII0Ta KOH-
JICHCAIIMY BOJITHOTO T1apa M MPOUCXOIUT OXJIaKIeHHe Bo3ayxa (puc. 3) [8].

JlaHHbBIE MEPOIIPUSITHS IPUBOJAT K POCTY 3()(PEKTUBHOCTH TEIJIOBOIO HAacoca U CHHU-
KEHUIO IOTPEOJICHUS SHEPTUU HA KUJIOTPaMM UCHapeHHoi Biaru [6].
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Puc. 3. lnarpamma noTOKOB 3HEpPrumn Ans cxembl TENNOBOro Hacoca
C 3aMKHYTbIM KOHTYPOM peLuvpKynsuum oTpaboTaHHOro pabouyero tena
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3aBUCUMOCTH, IIPUBE/ICHHBIE HA PUCYHKE 4, MMO3BOJISIOT CAENaTh BBIBOJ, YTO 3aMEHa
MPSIMOTOYHOM cXeMbI (puc. 1) Ha cXeMy C pEeHHpKYJSAIMeNd BO3/IyXa depe3 BO3IYyX0O0XJIau-
TEJb TETUIOBOTO HAacoca MPH TEMIIEPAType BO3AYXa f4s = 0°C, ero OTHOCHUTENBHON BIIaYKHO-
CTH Q4052 = 100% 1 TemMmeparype Bo3Iyxa Ha BBIXO€ U3 CYIUIKHA ¢, = 50°C mo3BoIsET CHU-
3UTh SHEpromnoTpedenue B 3,5-5,0 paza [7, 10].
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Puc. 4. 3aBucuMOCTb NOTpe6reHns aHeprumn TeNsIOBOro Hacoca
OT OTHOCUTENbLHOW BNaXHOCTHN BO3AyXa Ha BbiXoAe U3 CYLUUJTIKKU:
1 — cxema 6e3 peUUpKynsaUUM Bo3ayxa; 2 — CXema C peLupKynsiuMen Bo3gyxa

YMeHbpIas TeMIeparypy KoHaeHcanmuu 7 (3a c4eT MepeMEHHBIX PEKHMOB CYIIKH,
KaK MpPaBUJIO, BTOPOTO TMEPHOJAA CYIIKH) M YBEIMYMBAs TemIieparypy kunenus 7 (3a cuer
OTBOJ/Ia OCHOBHOTO KOJIMYECTBA BJIATH M3 CHIPhS, YTO IMPHCYIIE MMEPBOMY TEPHOIY CYIIKH),
MO>KHO OJTHOBPEMEHHO YBEIMYHTH TEIUIOBON KOI(PGDUIMEHT fiy © YMEHBIIUTH PAa3HOCTh TEM-
neparyp kunenus u kouaencauuu (7 - Tp) [3, 5].

BbIBoA: M3MEHSISI peXKUMBI PabOTHI TEIJIOBOTO HACOCA, MOXKHO JOCTHYB OTITUMAIIBHOE
3HAYEHHE TETJIOBOr0 KO3 GHUINEHTA LIy HA IPOTSHKEHUH BCETO MPOIIEcca CYIIKH, .
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