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Llenblo nccnenoBaHus siBNSIeTCS aHanu3 pasfiMyHbIX CNoco60B yTUNM3auum U pekynepauuu TennoTtbl oTpa-
60TaHHOro CyLWWUILHOrO areHTa Unu Tenfa roToBoro NpoaykTa Ans npouecca yganeHus Bnaru. O6beKT uc-
cnepoBaHuWs — TeNnyoHacoOCHas CylunbHasA yctaHoBKa. B aaHHoW paboTte ctaBuTCA 3agaya M3yveHusi BOMpo-
COB 3KOHOMWM IHEPropecypcoB B 06nacTu nepepaboTku NULLEBOro Cbipbsi, B YACTHOCTU CYLUKWU Pa3fiMyHbIX
npoayktoB. OTMeYalrTCA BaXHOCTb yTUNM3auuM U BTOPUYHOIO UCMOSIb3OBaHUA TEMJSIOHOCUTENS, a TakKxke
BO3HMKaloWwme nNpu 3aTom TpyaHocTU. Ha ocHoBaHUM TepMoaMHaMMYecKoro aHanu3a nokasaHo ysBenuveHue
Tepmuyeckoro KMNA B npouecce ytunusauum cywurnbHoro areHta. PaccmaTtpuBaloTcs pasnuyHble cnocobbl
noBbIWeHUA 3P PEKTUBHOCTU CYLLUKMA NYTEM NPUMEHEHUsI Pa3fIMYHbIX annapaTHbIX peleHUn, UMetoLWX CBOU
HepoCTaTKM M pocTouHcTBa. Hanbonbliunm adphekT oT UCnonb3oBaHUsA CXeMbl PeLUpPKyNALuMK Tenna ¢ npwm-
MEHEHUEM NMPOMEXYTOYHOr0 TENMIOHOCUTENSA MOXHO MOMNY4YUTb NPMU CyLUKE MaTepuanoB C BbICOKOW BRaXHo-
CTbIO U NMPU HaNM4YUN OTPaABGOTaHHOIO CYLUMNBLHOIO areHTa ¢ BbICOKOM TemnepaTtypou. Cyluky matepuanos c
HU3KUM cogepXaHueMm Bnarn 3cpPeKTMBHEN NMPUMEHATb, UCMONb3yA (PU3MYECKYI TEensoTy BbICYLIEHHOro
npoAayKkTa B peKynepaTMBHbIX TennooOMeHHbIX annapatax. bonbluvMe BO3MOXHOCTM peKynepauuu Tenna
MMEKT CYLUUIKA C MOJSIHOCTbIO 3aMKHYTbIM LIMKIIOM CyLUNbHOro areHta. lNMoka3sbiBaeTcs BaXXHOCTb nNpume-
HeHUs peKynepauuu HM3KOMOTeHUManbLHOro Tenna areHta B cywunkax. PaccmatpuBaeTcs cnocob cywku ¢
NpUMeHeHueM TeNNOoBbIX HACOCOB, NO3BOJIAIOWMX UCNOMNMb30BaTh TEMJI0 HU3KOTEMNEepaTyPHbIX UCTOYHUKOB,
CyLLeCTBEHHO MOBbLICUTb TEPMUYECKUM KO3(h(pULMEHT CylLKN U, KpOMe Toro, nepepabaTtbiBaTb Tepmona-
6unbHble NpoAyKTbl. ONUcaHbl CXema CYLIUbHOM YCTaHOBKU C TEMNSIOBbIM HAaCOCOM U peKynepauuen Tenna,
a Takke npoucxopswime B He TepMoaMHaMuUyeckue npoueccbl. PaccuntaH KoadpuLmMeHT IHepreTM4eckomn
3¢pheKTMBHOCTM CYyLIUNbLHOM YCTAaHOBKU C TensnoBbiM Hacocom. lpeacrtaBneHbl OCHOBHbIE HanpaBneHusA
CywWwku ¢ 3¢pPeKTUBHLIM UCNONbL30OBAaHMEM TEMIIOBOW 3HEPrUM U cAenaHbl BbIBOAbLI 06 3KOHOMUYecKon -
(heKTMBHOCTN NpUMEHEeHUs NpeAoXKeHHbIX CNOCOGOB aHeprocoepexeHus.

KINKOYEBBIE CITOBA: cywka, TennoBas 3¢eKkTMBHOCTb, NepepaboTka, BOCCTaHOBIEHUe, TENSIOBOM HAcCoOC,
3HeproacgppekTMBHOCTb, 3HeprocGepexeHue.

The objective of this study was to analyze the different ways of utilization and recuperation of heat of a used
drying agent or heat of a finished product for the process of moisture elimination. The object of the study
was a heat pump dryer. In this work the task was to examine the issues of saving energy in the sphere of
food raw material processing, particularly when drying different products. The authors stress the importance
of recycling and reuse of heat transfer medium as well as the difficulties connected with it. Using the data of
thermodynamic analysis the authors illustrated an increase in thermal efficiency during recycling of the
drying agent; considered different ways of improving the efficiency of drying by the use of various hardware
solutions with their advantages and disadvantages. The greatest effect of a heat recirculation scheme with
an intermediate heat carrier can be achieved in the process of drying the materials with high humidity and at
the presence of a spent drying agent with high temperature. Drying of materials with low moisture contents
is more effective with the use of physical heat of the dried product in recuperative heat exchangers. Dryers
with a fully closed cycle of the drying agent have great possibilities of heat recovery. The authors have
shown the importance of using low-grade heat recovery agents in dryers; considered the way of drying using
heat pumps that allow the use of low-temperature heat sources and significantly increase the thermal
coefficient of drying in addition to processing of thermolabile products; described a scheme of a dryer with a
heat pump and heat recovery as well as thermodynamic processes inside it; determined energy efficiency
coefficient of a heat pump dryer was provided, and also presented the main ways of drying with the effective
use of thermal energy with the conclusions about the economic efficiency of utilizing the proposed energy-
saving methods.

KEY WORDS: drying, thermal efficiency, recycling, recovery, heat pump, energy efficiency, energy saving.

70 BecTHuk BopoHexckoro rocyaapcTBeHHOro arpapHoro yHmsepcurteta. — 2016. — Ne 1 (48)



TEXHUYECKUE HAYKU

Be/leHue
B nacTosiiiee BpeMs B MUPOBOW 3KOHOMHUKE BO3PaCTaeT MOTPEOICHUE SJHEPTUU, C OJJHOU
CTOPOHBI, M1 YMEHBIIAIOTCSI MUPOBBIE 3a11achl TOIUIMBHBIX PECYPCOB, C APYrOi CTOPOHBI.

B aT10#i cBs13u BosiHE 000CHOBAHHO BO3HUKAIOT 33/1a4M 2(PGEKTHBHOTO MPUMEHEHUS SHEPTHH, €€

MTOBTOPHOTO MCIOJIB30BaHUSI B OCHOBHBIX Ipolieccax nepepadoTKU CeIbCKOXO3SIMCTBEHHOTO Chl-

pbs, B TOM 4HCIIe cymke [9].

[ToTeHnMan TENmIOHOCUTENS NMPU KOHBEKTHBHOW CYIIKE HCIIOJIb3YeTCS HE MOJHOCTHIO,
IIPU 3TOM IOBTOPHOE HCIOJIb30BAaHUE TEIJIa OTPaOOTAHHOTO areHTa CyUIKW MMEET OIpe/IesieH-
Hbl€ TPYJHOCTHU, TaK KaK MOTEHIHaJl TEIUIOHOCUTEINS Ha BBIXOJIE U3 CYLIMJIKH IOCTaTOYHO Mail. B
CBSI3M C 3THUM IPEJCTABIISIETCA NEPCIEKTUBHBIM UCCIEA0BAHUE PA3IUYHBIX BApUAHTOB YTUIIN3a-
LMY U PEKyNepalny Teria oTpadOTaHHOTO CYIIMIIBHOTO areHTa, CKPbITOM TEMJIOThI BHICYILIEHHO-
ro MPOJYKTa, UCHOJIb3YEMBIX B IIPOLIECCE CYILKH [2, 9].

[enbto uccnenoBaHusl SBISETCS aHAINU3 Pa3IMYHBIX CIIOCOOOB YTHIIM3ALMKU U PEeKyIepa-
LMY TEIMJIOThl OTPAOOTAHHOIO CYIIMJIBHOTO areHTa U BBICYILIEHHOTO MPOJIYKTa, UCIIOIb3yEMbIX B
MIPOLIECCE CYIIKH.

OOBeKT nccie0BaHus — TEIUIOHACOCHAS CYIIUIbHAsl YCTaHOBKA.

[Ipy KOHBEKTMBHOM CYILIKE JUCIEPCUOHHBIX MaTepuaioB Haubosee U3BECTHBI CIIETYIO-
e CrocoObl PeKyInepanuu: yTWin3auen (U3nYecKoro Terjia OTpaOOTaHHOTO CYIIMJIBHOTO
areHTa 3a CYeT UX YaCTUYHOU PelUPKYIALNN; YTHIN3aled pU3ndeckoro Teria oTpaboTaHHOTO
CYUIWJIBHOTO areHTa, UCIOJIb3ysl MIPOMEKYTOUHBIN TEIUIOHOCUTENb; yTUIN3auuel (Hru3nieckoro
TeIlla BBICYILIEHHOTO MPOYKTa MPU HEMOCPEICTBEHHOM KOHTAKTE C HUM UCXOJHOTO CYIIMIIBHO-
ro arenTa [1, 3].

CreneHp UCIOJIB30BaHMSI TEIUIA CYLIUIBHOTO areHTa XapaKTepU3yeTcs TEPMUYECKUM KO-
3¢ GUIUEHTOM MOJIE3HOTO JEHCTBUS U BBIPAXKAETCS OTHOLIEHHEM Teria Q , OTHAHHOTO Cy-
UIWJIBHBIM areHTOM BBICYIIMBAaEMOMY MaTepuaiy (Terio aecopOuun), K Temny Qyy,, 3aTpauyeHHO-
MY B TEIJIOOOMEHHHUKE Ha HArpeB CYIIMJIBHOTO areHra (teruio kanopudepa) [4]. Torma, mpume-
Hsi TEPMOJIMHAMUYECKHUI aHalu3 IJ1s1 IPeUI0KEHHBIX CIIOCO00B CYIIKHU € peKynepanuei Temia,
tepmuueckuit KITJ[ mporecca MOXKHO rpeacTaBUTh NPUOIMKEHHBIM PaBEHCTBOM

Nj :(tO_tK)/(tO_tnp)9 (1)
rae to,ty,thp — TEMIEPATypa ra3a COOTBETCTBEHHO IIEPEN CYLIMJIKOM, MTOCJIE CYIIMIIKH U

nepes Kanopupepom, J0CTUraeMast B pe3ysibTaTe peKylepanuy Tera.

W3 ypaBHEHHS OUYEBUHO, YTO YEM BBILIE JOCTUTAETCS typ 10 CPABHEHUIO C TEMIIEPATYPOH
rasza Ha Bxoze, TeM Bblle Tepmudeckuii KIIJ[ mporecca.

[Ipu pexynepanuu Temia YaCTUYHOW PELUPKYJSLUEH CYIIUILHOTO areHTa He Tpedyercs
0O0JIBIIMX MaTEepHANIbHBIX 3aTPaT, IPU ITOM MOJIYHAIOTCSl XOPOIIKE PE3yJIbTaThl IPH CYIIKE Tep-
MOJIAOMIJIBHBIX MaTePUAJIOB.

[ToBTOpHOE HCIIOJIB30BAHUE TEIJIa C NMPUMEHEHHEM IPOMEXKYTOUHOTO TEIIOHOCUTEIS
naeT HauOoJapIIMi 3((EKT Ipu CyLIKE MPOJIYKTOB C BHICOKUM COJEPKAHHEM BJIarM U BHICOKOMN
TeMIlepaType CyIIMIbHOTO areHTa Ha Beixoje [5].

Crioco0 cylmKH ¢ MCMOJIb30BaHUEM (U3UYECKOTO TeIla BBICYIIEHHOIO IMPOJYyKTa, Kak
MIPaBUJIO, IPUMEHSIOT JUIsl 00€3BOKMBAHUS MPOIYKTOB C HU3KUM COJEP)KaHUEM BJIard, B 3TOM
cllydae OCHOBHAsI YacTh IOJIBOJIMMOTO TEIJIa PacX0yeTcsl Ha HArpeB BBICYILIMBAEMOI'O ChIPbSI.

Xopormme pe3yabTaThl B IUIaHE PEKyNEpaluy Teria MO3BOJIAIOT MOJYYUTh CYIIHUIKUA C
MOJIHOCTHIO 3aMKHYTBIM LIUKJIOM CYLIMJIBHOTO areHTa.

[ToBeICUTDH 3HEPreTHUECKYIO 3PPEKTUBHOCTH CYIIMJIBHBIX YCTAHOBOK MO3BOJISIET MpUMe-
HEHUE TEIUIOBBIX TPYO JJIsl YTUIN3aLUU TEIJIOThl OTpabOTaHHOTO TeIIoHOCcUTeNs [7]. DTOT cro-
co0 aHaJOTMYeH CHoCco0y ¢ MPOMEKYTOUHBIM JKUIKUM TEIJIOHOCUTENIEM, HO MPU 3TOM HMEET
6onee Boicokuit KIIJI, MeHblue pasmepsl U MpUMEHsIETCA B OOJbIIEM JMana3oHe TeMIepaTyp
CYUIWJIBHOTO areHra 3a C4eT MPUMEHEHUS HU3KOKUITSIIIUX U BHICOKOKHUIISIINX TEIJIOHOCUTEIIEH.
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CywunbHasi ycTaHOBKa € TEMNJIOBbIM HaCOCOM:
a) — npuHuMnuanbHas cxema: 1 — komnpeccop; 2 — perynvpyroLmmn BEHTUMNb;
3 — ucnapuTenb XONOAUNBLHOrO areHTa; 4 — TeNfI006MeHHUK-peKynepaTop;
5 — cywunka; 6 — KoHAeHcaTop xnapareHTa;
6) — TepmoanHamMunyeckoe n3obpaxkeHre NpoLeccoB Ha guarpamme I-x:
1-2 — npeaBapuTenbHbIN HarpeB BO3ayXxa B TENJI006MeHHUKe-peKkynepaTope 4;
2-3 — OCHOBHOW HarpeB Bo3gyxa B KOHAeHcaTope 6;
3-4 — npouecc cywku B cywiunke 5;
4-5 — oxnaxaeHve Bo3gyxa B TennoobmeHHuke 4;
5-6-1 — oxnaxpeHuwe u ocyweHMe Bo3agyxa B ucnapurtene 3
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[IpumeHeHre B KaueCcTBE CYIIMJIBHOTO areHTa MeperpeToro napa Mo3BOJIIET MPOBOIUTH
CYUIWJIbHBIE TIPOLECCHI C MPUMEHEHUEM peKyIepaluy Ha elle 00j1ee BHICOKOM YPOBHE.

OpHMM M3 NEepCIEeKTUBHBIX HAIlPaBJICHUN B Ipoliecce 00e3BOKUBAHUS CEIbCKOXO3SNCT-
BEHHOTO CBIPbS SIBJIIETCS HMCIIOJIb30BAHUE TEIJIOBBIX HACOCHBIX YCTAaHOBOK, IPUMEHEHUE KOTO-
PBIX AET BO3ZMOXHOCTb IOJHATH TEXHOJIOIHIO CYILIKH Ha 00Jiee BHICOKUN SHEPreTUYEeCKUil ypo-
BEHb B BOIIPOCAX peKyrepamuu remia [§].

[IpyHIHMNManpHas cxeMa TEIUIOHACOCHOM CYIIMJIBHOW YCTAaHOBKHM C BO3AYIIHBIM TEIUIO-
0OMEHHUKOM-PEKYIIEPaTOPOM U H300pakeHHE Ha AMAarpaMMe BJIKHOTO BO3/yXa IPOUCXO[s-
IIMX B HEW TEPMOJAMHAMUYECKUX MIPOLIECCOB MPECTABIIEHBI Ha PUCYHKE [6].

VYCTaHOBKH € TEIJIOBBIM HACOCOM MOTYT pabOTaTh Kak B PEXKHUME MOJHOCTbIO 3aMKHYTO-
ro LMKJIA [0 CYIIMIBLHOMY areHTy, Tak U ¢ BBIOpOocoM yacTu oTpaboTanHoro Bo3ayxa [7]. Eciu B
HCIIAapUTENh Hacoca MOCTYINAET TOJIbKO HApYKHBIA BO3AYX, dHEprerudeckas 3(pHeKTuBHOCTD Te-
IJIOHACOCHOW YCTAaHOBKU HEMHOT'O CHH)KAETCS, KPOME TOT0, BO3HUKAET BEPOSITHOCTH OOMOPaXKH-
BaHMS ucnapurens |3, 4].

Koadpduuuent sueprernyeckoil 3¢(eKTHUBHOCTH TEMJIOHACOCHOW YCTAHOBKU OOJIbIIIE
€IMHHULIBI, TaK KaK oOpateH sHepreTuueckomy KIIJ[ TerioBoro apuratens

¢ =Qp/L>1, (2)

rae Qo — TEIIo CyMUIBHOTO areHTa MpH MOCTYIUICHUH B CYIIIIIBHYIO Kamepy, BT;
L — 3aTpauennast Mmexanuueckas sHeprus, Br.
VuaureiBas, uto Qg = Q +L , Torna

0; = Qp/(Qp — Q) = To/(Ty —Ty). 3)

N3 ypaBHenus (3) ciemyeT, 4TO TOBBIIICHHE 3HepreTudeckor addexkruBHoctn THY
BO3MOXHO MPU MUHUMaJIbHOM pazHoctu Temneparyp To — Ty, T.e. oTpaboTaHHBIN CYIIMIbHBIN
areHT JI0JHKeH UMETh 0oJiee BBICOKYIO Temnepatypy Tx.

Ha mpaxTuke B CyIIMIBHBIX YCTAHOBKAaX € TEIUIOBBIM HACOCOM CYIIMJIBHBIN areHT MOXKET
HarpeBatbes 10 80°C, MOBBICUTH ATY TEMIEPATYPY MO3BOJIUT IPUMEHEHHE BICOKOKHUIIAIINX XO-
JOAWJIBHBIX areHTOB U KOMOMHUPOBAHHBIN Mo1BO Teruia [9, 10].

Pe3yabTaThl

Ha ocHOBe BBIIIEU3TI0KEHHOTO MOXHO CHOPMYIUPOBATH CIAEAYIOIINE MPUHLIUIBI YHEpP-
rocOeperarouieii TEXHOJIOTUH CYILKH:

- TEXHOJIOTHUYECKHEe — 00e3BOKMBAaHUE MaTepuaia rnepej CyIKol B LeHTpudyrax, npu-
MEHEHHE BEIIEeCTB ¢ HEOOIbIIOM TEII0TON HCIIapeHus;

- KHHETHUYECKOE, THAPOANHAMUYECKOE, TEPMOIUHAMHYECKOE COOTBETCTBHUE;

- HanboJIee TI0JIHOE UCTI0JIb30BaHUE Pa00Ueii 30HBI CYIIMIIKH, HHTCHCU(UKAITHS;

- BBICOKasl TeMIepaTypa CYUIMJIBHOIO areHTa Ha BXOJIe W HU3Kas TeMIiieparypa oTpado-
TAHHOTO CYIIWIBHOTO areHTa (JUisl yCTaHOBOK C TETJIOBBIM HACOCOM t KaK MOXHO OOJIbIIIE);

- 3AMKHYTbIH IIUKJ CYIIMJIBHOTO areHTa 1 ero pelypKyIIsius, UCI0JIb30BaHUE B KAUeCTBE
CYUIWJIBHOTO areHra neperpeToro napa;

- HCIIOJIb30BaHUE TEIUIOTHl KOHJEHCAI[MU HCIapsieMOW Bjaru, NPUMEHEHHE TEIUIOBBIX
TpyO, TEIJIOBBIX HACOCOB U Jp.;

- IPUMEHEHHE MHOTIO30HHBIX CYIIHUJIOK C NMPOMEXKYTOUHBIM IOJOTPEBOM CYLIMJIBHOIO
areHra;

- IPUMEHEHHUE TIOBEPXHOCTEH HarpeBa B KayeCTBE JIONOJHUTENbHBIX HCTOYHUKOB TEIlIa
JUISL BBICYLTMBAEMOTO IIPOAYKTA;

- OCYUIECTBJIEHHE HECKOJIbKUX TEXHOJIOTMUYECKUX MPOIIECCOB B OJIHOM amIapare;

- COOJIOJICHNE TEXHOJIOIMYECKMX HOPMAaTHBOB AKCIUTyaTallUM CYLIWJIBHOM YCTaHOBKH,
ofecrieunBaeMoe TIIATEIbHBIM PETYIMPOBAHUEM TapaMETPOB.

BecTHuk BopoHexckoro rocygapcTBeHHOro arpapHoro yHmsepcurteta. — 2016. — Ne 1 (48) 73



TEXHUYECKUE HAYKU

BriBog

HccnenoBanne u aHaJIM3 MPOUECCOB CYIIKU CEJIbCKOXO3SIMCTBEHHOTO ChIPhsI TOKa3bIBa-
10T, YTO TIPUMEHEHHUE OMMCAHHBIX CTIOCOO0B IHEPrOCOSPEIKEHUS TIO3BOJIUT MOTYIUTh OIIYTHMYIO
3KOHOMHUIO 3Hepr1/11/1 U TCXHOJIOTHUYCCKUX MaTepI/IaJ'IOB.
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