ISSN 2414-3820 KoHcTpyroBaHHS, BAPOOHHUIITBO Ta EKCILTyaTallis CLTbCHKOroCoapchkux ManmH, 2017, purt. 47,4.1

8. Ompmiancekuii, B.II. Martematndni Mopnenmi 3epHONMOTOKIB 1o BiOpopemerax [Texcr] / B.IL
Omnpmanceknit, O.B. Onpmancekuil. — Xapki: Micskapyk, 2016. — 140 c.
9. Omnpmancekuit, B.I1. TIpo pyx 3epHOCYMimi 3MiHHOI MOPUCTOCTI Ha MmIockoMmy Bibpopemeri [Teker] /

B.I1. Onbmancekuit, O.B. Onpmancekuii // IHXKeHEpist epepoOOHHX 1 XapUuOBHX BUPOOHHUIITB. — XapKiB,
2016. —Ne 2 (2). — C. 61-65.

Vasily Olshansky, Prof., Dsc., Sergey Kharchenko, Assoc. Prof., PhD tech. sci.
Petro Vasylenko Kharkiv National Technical University of Agriculture, Kharkiv, Ukraine
To calculation of grain mixture stream of variable porosity on the flat vibrosieve

On the basis of continual model of the vibrofluidized friable environment it is shown out and approved
by calculations the reserved formulas for the close calculation of speed of grain stream and productivity of the
flat vibrosieve inclined to horizon, at motion on it layer of fine-grained mixture of variable porosity or density.

Two-parameter rheological dependence is stopped up in a theoretical model, where, except linear viscid
resistance to the change, a presence is taken into account in the vibrofluidized mixture of remaining dry friction
that is accepted by proportional to surplus internal pressure. Distribution of concentration of grains on thickness
of a moving layer of the separated material is approximated by a square trinomial, which coefficients depend on
amplitude and the frequency of fluctuations of a vibrosieve and a condition of its working surface (presences of
ribs, rifles, etc.). During the conducted calculations, influence of different factors is investigational on basic
kinematics descriptions of grain stream.

Unlike well-known researches on this subjects, an offer here method of calculation does not require
numeral computer integration of nonlinear differential equalizations the second order.
the flat inclined vibrosieve, the steady grain flow, variable porosity, linear- viscous resistance, residual dry
friction, square trinomial, the speed of motion, the productivity of sieve
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EHepro30epirarodi 3pa3koBl UKW JJISI OXOJIOHKYIOUUX
TepMOTpaHCcHOpPMaTOPIB

B crarti mpoanamizoBaHa eHepreTMdHa e(eKTHBHICTH HuKiIa JlopeHIa 3ajeXHO BiA IHTEpBaILy
TemmepaTyp pobodoro Tima B Tpolecax TEIUIOOOMiHy 3 30BHIIIHIMH JDKepenaMu. TakoXX TOBEIEHO, IO
TEPMOJMHAMIYHUAN LUKIJ 31 CTYIIHYACTOI pEreHepaliclo Teruia HalOinpll e)eKTHUBHUH Al OXOJIOMKEHHS Y
HaWOUIBIIOMY TEMIIEpaTypHOMY IHTEpBali, TOOTO NPU OXOJO/KEHHI INOTOKY DPEYOBHHH BiJ TeMIEpaTypH
HaBKOJIMIIHBOTO cepepoBuiia. OKpiM Toro, mpu 30UIbIIEHH] YUcia CTyIiHEel pereHepalii Temsia, HalpuKiaz B
pecopbuiiiHux TepMoTpaHchopMaTopax, 3HAYHO 3MEHILYETHCS IHTEPBAJl TEMIIEPATyp poOOUoro Tija B mporeci
BiZIBEJICHHS TeIlJla y HaBKOJNMIIHE cepenoBuiie. Lle cnpusie HaOMWKEHHIO IIMKIA A0 TPUKYTHOTO, TOOTO 3
HAMEHIIIOI0 BUTPATOIO €HEPTii Ha CTUCK poO0YOoro Tila. BrpoBamKeHHS IUKIIA 31 CTYIMIHIACTOI PETreHEPaIielo
TeIUIa, KU MOXKHA pealli3yBaTH y pecopOLifHIX OXOJNOMKYIOUNX TepMoTpaHcopMaTopax, OyIe CHpUSTH
eHeproz0epe)keHHI0 B TEXHOJOTISAX OXOJOIKEHHS IMOTOKIB PEUYOBHX y PI3HHUX Taly3sX, B TOMYy YHCIi i B
CLTBCBKOMY TOCTIOAAPCTBI.

TepmoTpancopMaTop, TPUKYTHHI, HUKJI, OXOJIO0JKEHHS, CTYNIHYACTHIA, pereHepanis, Tenjio
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JHeprocoeperamomue 00pa3noBbie HUKJIbI ISl OXJIAKIAIIUX TEPMOTPAHCHOPMATOPOB
B cratpe mpoanHanmm3mpoBaHa eHepreTmdeckas 3((eKTHBHOCTh mukia JIopeHIa B 3aBHCHMOCTH OT
WHTEpBaJla TEMIIEpaTyp pabodero Tena B mporeccax TemIo00MeHa ¢ BHEITHIMHU UCTOYHUKaMH. Taxke ToKa3aHo,
YTO TePMOAMHAMHYECKUH IIMKII CO CTYIIEHYATON pereHeparueil Teria Hanoonee 3()eKTUBEH JJIS OXJIaKACHUS B
HauOOJIbIIEM TEMIIEPATYPHOM HHTEPBAJIC, T.C. IPHU OXJAXKIACHHUN II0TOKa BEIIECTBA OT TEMIIEPATYPhL
OKpy>Xaromiei cpeapl. Kpome Toro, mpu yBEIWYEHHH 4YHCIA CTyNEHEH pereHepanuy TeIula, HalpuMep B
PECOPOIIOHHBIX TEPMOTpaHC(HOPMATOPaX, 3HAUUTEIIFHO YMEHBIIIAETCSI HHTEPBANI TeMIlepaTyp pabodero rtena B
IpoIiecce 0TBOJIA TEIUIAa B OKPYXKAIOIIYIO CPey. DTO CIOCOOCTBYET MPUOIMKCHHUIO [IUKJIA K TPEYTOJbHOMY, T.C.
C HaWMEHBIIMM pacxXoJOM SHEpPruM Ha cxathe paboyero Ttena. lcrmosib30BaHME IMKIA CO CTYNEHYATOH
pereHepauI/Ieﬁ TCILIAa, KOTOpBIﬁ MOXHO pcain30BaTb B peCOp6HI/IOHHLIX OXJTaXJAaIIUX
TepMOTpaHC(i)OpMaToan, 6y,ueT cr1oco0CTBOBaThL 3Hepr0c6€pe>KeHmo B TCXHOJIOTUAX OXJIAXKJIACHHUA IIOTOKOB
BCLICCTB B PA3JIMYHBIX OTPACIIAX, B TOM YUCJIC U B CCIIbCbKOM XO3SHCTBE.
TepMOTpaHC(bOpMaTOp, TpeyFOJILHbIﬁ, HUKJI, OXJIAKICHHUEC, CTyl'[eH‘-laTblﬁ, pereaepanus, TEJaIo

IloctanoBka mnpoOjemMu. B CUIBCBKOMY TOCHOJApPCTBI Ta B PI3HUX Taly3sX
IPOMHMCIIOBOCTI 3 KOXXHUM POKOM BCE OUIBII aKTyalIbHOIO CTa€ MpobiieMa eHepro30epeKeHHs.
Tomy  po3pobka 1  JOCHIDKEHHS ~ EHEPreTMYHO  €(PEKTUBHUX  IUKIIB  JUIS
TEpMOTpaHCc(HOPMATOPIB Y BUTIIAIL MAIIHMH 1 YCTAHOBOK JJIS1 OXOJIOKEHHSI, KOHAUIIOHYBaHHS
MOBITPSl Ta TEIUIONOCTAYaHHS, SIKI MOKYTh BUKOPHCTOBYBATH €HEPTilO, SIK MEXaHIYHY TaK 1
HU3bKOMOTEHUIHHUX MPUPOIHUX JDKEpeIl Ta BTOpuHHUX eHepropecypcis (BEP) e akryansaum
3aBaaHHsAM. B YkpaiHi € BenuKi pe3epBH 100 BIPOBAKEHHS HOBITHIX TEXHOJIOT1H €KOHOMIT
eHeprii Ta BUKOpUCTaHHA BUKUAIB Teruia BEP Ta iHmMX ajnbTepHATUBHUX JKEpen eHeprii,
BU3HAYCHUX 3akoHOM Ykpainu “Ilpo ampTepHaTuBHI JKepena eHeprii” [1]. Hampukian,
SIKIIO BUKOPUCTOBYBATHU €JIEKTPUUHY a00 TEIJIOBY €HEprito JJIs TeIJIONOCTaYaHHs KUTIOBUX
OyIMHKIB HE OE3MOCePeHbO, a Yepe3 TEIUIOBI HACOCH, MPUHIIMI POOOTH SKHX TaKHH K, K
XOJOAMIBHUX MAlIMH, TO MOKHA OTPUMYBATH HeoOXiaHO1 eneprii B 1,5...3 pasu Oinblie npu
Tux ke BuTparax [2]. lle € BenuKOW NEPCHEKTUBOIO €EHEpPro30epekeHHs B pPiIaAy 3
BUKOPUCTAHHSAM 1HIIUX albTEPHATUBHUX JKEPEJ €Heprii.

[Ipu oxoJ0KEHHI TTOTOKIB PiTKUX a00 ra30moAiOHNX PEUOBUH, HAMPHUKIIA] MOJIOKA,
COKIB, BHMH, MOBITpA Ta iH., BiJ TEMIIEPATypd HABKOJMIIHBOTO CEpPENOBHILA O 3aJaHOi
HU3BKOI TEMIIEpaTypH TEIUIO BiJ OXOJIOJKYBAaHOI PEUYOBHHHM B HABKOJIMIIHE CEpPEIOBUINE
3BMYAlHO BIJBOJATH 3a JIONOMOIOI0 XOJOJWJIBHMX MAIlMH, B SIKHX poOOdYe Tij0, YUCTHH
areHT, KUMNHUTh IpH TOCTiHHIA Temmepatypi (umkn Kapuo). Temmeparypa * TOTOKY
OXOJIO/IKYBaHOI PEYOBMHU B MpOIECi TEIIooOMiHy 3 pobounmm TiioMm 3MiHHA. Lle crpusie
BTpaTaM €HEprii, MOB'SI3aHUM 13 30BHIIIHBOI0 HEOOOPOTHICTIO. sl X 3MEHIIEeHHs poboue
T1J10 XOJIOAMJIBHOT MAIIMHK TOBUHHO KOIIIOBATH X1J] TEMIIEPATYPH OXOJIOAKYBAHOT pEHOBUHU
[3].

AHaJi3 ocTaHHiX gocaimkensb i myOaikauniid. [{uknu 31 3MIHHUMH TeMIepaTypaMu
pobodoro TiTa B TpoIecax TEIUIOOOMIHY 3 30BHINIHIMHU JDKEpesiaMd  Terula MOKHA
peaiizyBaTd B COpOLIMHUX TepMoTpaHcPopMmaTopax, B SIKHX POOOUMMH TIIaMU € HE YHUCTI
areHTH, a PO3YMHU areHTiB B abcopOeHTax. B HUX Terio 10 po3uuHy MiJBOJUTHCS B IPOIEC]
nerasaiii (BHUKUIAHHI 3 KPINKOTO PO3YMHY YAaCTUHU areHTy NOpU HIKOMY THCKY), a
BIZIBOJUTHCA B Tporeci pecopOmii (MOTaMHAHHI — CIAOKMM PO3YMHOM Mapu areHry mpu
BUIIIOMY THCKY). B pO3BHHYTHUX KpaiHax NpOrHO3yIOTb IEPCIEKTUBHICTh BUKOPUCTAHHS
COpOLIHHNX MaIlIMH B PilIEHHSIX po0JeM eHeprozoepexeHHs [4].

3BOpPOTHIM LMK 31 3MIHHUMHM TeMIepaTypamMH poOo4Yoro Tula B MpoLecax
TETIO00MiHY 13 30BHIIIHIMHE JpKepenamu (puc. 1,a) 3anpornonoBanwuii I'.Jlopentiom [5].
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B.C. MaptunoBcekuii Ta [.M. [lIHaiin BCTaHOBWIIH, 1110 B JIBA pa3u €PEKTUBHIIINM 3a
ik Kapao € "tpukytauit" nuki (puc. 1,0) Jlopenna [3, 5].

Ane edexkTUBHMHA TpPUKYTHMH IMKJI nepeadadae BIABEJCHHA TeIUla LHMKIY IpHU
MOCTIMHIM TeMmMmeparypi, IO € e He BHpIimIeHOw Mpodnemoro. OAHMM 3 METOHdIB
HaOJIWKEHHsI LMKy 10 TPUKYTHOIO €, B IEpIIy 4Yepry, po3poOKa 3pa3KOBHX LUKIIB IJIs
copOLiIiHUX TepMOTpaHCPOPMATOpiB, SKI MAIOTh LIMPOKHH 1HTEpBaJ TeMmIepaTryp poOoyoro
TiJIa IMKJTY TP TT1JIBEICHH] JI0 HbOTO TETUIa Ta MIHIMQJIBHHUK 1HTEpBAJI IIPHU BIJBEICHHI.

IloctanoBka 3aBaaHHsl. Meroro crarTi €  po3poOka 1 JOCHIJKEHHS
EHEepro30epirarounx 3pa3KoBUX 3BOPOTHIX IUKIIB JUISI OXOJIOJDKEHHS MOTOKIB PECUYOBUH MPHU
3MIHHIN TeMnepaTypl pobodoro Tuta pecopOLiifiHOro TepMoTpaHchopmaropa B IpoOLECi
OXOJIOJDKEHHS, SIKi 3a KOCQIIIEHTOM TMEpPEeTBOPEHHS HAOIMKAIOTBCA 10 HAHOIIbII
e(eKTUBHOIO TPUKYTHOTro Lukia JlopeHua.

Bukjaa ocHoBHOro matepiajy. JlocimimkKeHHS pO3pOOJICHUX 3pa3KOBUX 3BOPOTHIX
IUKJIIB 31 3MIHHUMHU TEMIIEpaTypaMu poOOYoro Tijia B Mpoliecax TEIIO0OMiHY 3 30BHILIIHIMU
JDKEepeNlaMHi  TIPOBOJMIIOCS METOJOM TEPMOJMHAMIYHOTO aHali3y 3 METOl BHOOpY
HalleeKTUBHIMX LUKIIB JUIsI YMOB OXOJIOJDKEHHS IOTOKIB PEUOBHH Bij TemIeparypu
HaBKOJIMIIHBOTO cepenoBuiia. JIJis BUKOHAHHS aHaNli3y BCTAHOBJIGHO TaKi BHYTPIIIHI 1
30BHIIIHI YMOBH [3, 6, 7]: mpoliecu UKy BHYTPIIIHHO OOOPOTHI; y MPOIIECcax TEII000MIHY
poboyoro Tijma i3 30BHIMIHIMHU JPKEpeJaMH TEMIIEpaTypHi HANOpH JIOPIBHIOIOTH HYIIIO;
MPOLECH BHYTPIUIHBOTO TEIJIOOOMIHY B IMKJII OOOpPOTHI; MUTOMI TEIJIOEMHOCTI poOOYOro
TiJIa B KO)XKHOMY TIpOIIECi TEIUIOOOMIHY IMOCTilHI; nudepeHianbHi eheKkTrn 130€HTPOMmHHNX
MPOLECIB PO3LUIMPEHHS 1 CTUCKAHHS MOCTINHI JJI KOXKHOTO MPOLECY.

Taki yMOBM J03BOJISIFOTH TPH KOHKPETHUX 3a/JlaHUX TEMIEPAaTYPHHX pPEKUMax
OXOJIOJDKYBAHOI PEYOBMHU 1 HABKOJMIIHBOI'O CEpEIOBHUILA IOPIBHIOBATH €(QEKTUBHICTD
3pa3KOBUX MHMKIIB JUII YMOB OXOJOKEHHS SK TpH 3MiHHIA, Tak 1 TpU TOCTIHHIN
TEMIIEpaTypax, a TAKOK BU3HAYATH BIUIMB HE130TEPMIYHOCTI 30BHIIIHIX MPOIECIB.

Crig 3a3Ha4uTH, M0 BUIIA TeMIleparypa poO0OYoro Tiia B MpOLECi BiIBEIACHHS Bij
HbOI'O TEIUIa BU3HAYAETHCS TUIBKM MOXJIUBOCTSAMH LUKy 1 BIACTUBOCTSAMHU POOOYOro Tijia.
Tak, B nukii KapHo Buia temmeparypa nopiBHIOE HWK4Yil, a B nukii Jlopenna (puc. 1,a)
BOHA BU3HAYAETHCS TUIIOM IUKITY 1 3aNIeXHICTIO T=f(s) A po60Yoro Tija B IbOMY MPOLIECI.

Tpuxkytauit uukn Jlopenna (puc. 1, 6), TOOTO HMKI 3 130TEPMIYHMM CTHCKAHHSM
poOoUOro TiNa i MOBHOIO (BiJ TeMIEepaTypy HABKOJIHUIIHBOTO CEPEOBHINA) HEI30TEPMIUHICTIO
poboyoro Tiiia B MpoOIECi OXOJOPKEHHS € TepMOJMHAMIYHO HailepeKkTuBHImMM. Aye Ha
NPaKTHIll I[Ieé HeMa KOMIPECOpiB MJs 130TEPMIYHOTO CTHUCKAHHS MApPOPIAMHHOI CyMmilm 3
BIJIBEICHHAM TeIlIa, IO HE J]a€ MOXXJIMBOCTI BUKOHAHHS I[bOTO Iporecy. MoXHa 3HaYHO
3MEHILIUTH HEI30TEPMIUHICTh MPOLIECY BiJIBEICHHS TEIUIa 32 PaXyHOK BHYTPIILIHIX MPOIECIB
peKymeparii Teria Ta 3HaYHOMY 3MEHIIIEHHI ITPH FOMY CTYTICHIO CTHCKaHHS pOO0YOTO Tija y
LIUKJII.

[Tokaxemo croyaTky, K BILTUBAE HEI30TEPMIYHICTh pOOOYOTO Tijia MUKITYy B IpOIecax
TErI000MiHYy 3 30BHIIIHIMU Kepenamu 1-2 1 3-4 Ha koedillieHT MepeTBOPEHHS 3pa3KOBOTO
nukiy Jlopenna 1-2-3-4-1, 306paxkenoro Ha puc. 1,a [3].

g, =12 (1)
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a — Jlopenna; 6 — TpukyTHHH; 6 — Jlopernna 1-2-3-4-1 Ta crymingactuii 1-1'-2-3'-4'-4"-1

Pucynok 1 - [{uxiu 3 HEi30TEpMIiYHICTIO POOOUYOTO Tijia B POIIecax TEIIO0OMIHY

3a pIBHSHHSM JIPYroro 3aKOHY TEpMOAMHAMIKH ¢=)Tds, TpH OXONOIKEHHI 10
HNOMIPHHUX TeMIIepaTyp JOCTaTHIO TOYHICTh 1 OUIBIIY HAOYHICTH OTPUMAHUX XaPAKTEPHUCTUK
Jla€ BUSHAYCHHS CEPEIHIX TeMrepatyp nporeciB 1-2 ta 3-4 sk cepennix apupmernynux. [Ipu
3miHi Temneparypu Big 300 o 220 K BinxuneHHs cepeHboi apuMETHYHOI TeMIIepaTypu Bij
cepenHboi Jorapudmivnoi ckianae Bcyoro 0,8%. B npomy Bunmaaky

. = T +T,
! (T4+T3)_(T1+T2)

2

Bupaszumo temmnepatypy 7> uepe3 BEIMYUHY HEI30TEpMidyHOCTI pobdouoro Tina A7, B
MPOIIECi OXOJIOKEHHS 1-2

T,=T +AT,, 3)

a temneparypy 73 — 4Yepe3 BEIMYMHY HeI30TepMiuHOCTI pobodoro Tina A7, B mporueci
BiJIBO/IY TeIlJIa B HABKOJIUIITHE cepeaoBuie 3-4

Ty=T,+AT,,. (4)
Toni koeditieHT nepeTBopeHHs A UKty Jlopenia
AT,
T, + 20
g, = . 5
,1 AT 5)
(T 4 T 1 )— +

2

[TorpimHicTh BU3HAYEHHS &y 32 opmyoro (5) HesHauna, npu 71=220K, A7,=80K Ta
AT.,=80...0 K morpimmnicTs cknaznae 1,6...5,8%.
Busznaunmo BB AT, ta AT, Ha &, audepeHIoBaHHIM BUpa3y (5)

AT,
5 T,+——"
8}7 — 2 (6)
OAT AT. AT T
YT, -T) - =
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T +AT°
o, _ 2 )
()ATC B AT AT 2
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[lopiBHIOIOYM TMpaBi YacTUHM MEPLIOrO 1 JPyroro BHpa3iB 3a aOCOIIOTHOIO
BEJINYNHOIO, OTPUMAEMO

2(T4—T1)+ATCP>ATO, ()
ne Ta- T1=AT, max , TOOTO JTOPIBHIOE MaKCHUMaIbHOMY 3HaueHHIO AT, , sIKE BiJIIOBiTa€e

OXOJIO/IPKEHHIO MOTOKY PEYOBHHHM BiJ Temmneparypu cepenosumia 73 no 71; AT, He Moxke
OyTH BiJ’€MHOIO BennunHOM0. Tomi

s, | | o,

0AT, | |0AT,,,| ®)

TakuMm yuHOM & 3pocTac mnpu pOSH_II/IpeHHi AT() 3HAYHO 6iane, 41M IIpU SBY)KYBaHHi
ATcp. HpI/I ATO = ATO max :Tz —T1:T4 —T1 (pI/IC 1 6)

T, -T,
g, = :
- (T, -T)+AT,

(10)

B 3pazkoBomy 1mukii Kapuno mpu oxomomxeHHi motoky Bin 1> mo Th, ae T><Tx,
BiJIBEJICHHS TEIUIa B HABKOJHUIIHE CepeOBHUIIE Oy/ie 130TepMIuHUM, TOOTO Tipu T4=T3=const.
XooamIbHUHN KOSPIIIEHT HOTO HKITY

g, =—. (11)

3 mopiBHsiHHSA BHpa3iB (5) i (11) BuaHO, Mo npu neBHoMy 3HaueHHI ATy, ISl TUKITY
Jlopenna, &,=¢,. Haiinemo 11e 3HaueHHs, NPUPIBHIOIOYH MpaBi yacTuHU Bupasis (5)1(11)

T
AT, =—LAT,. (12)

cp
1

[TopiBHroBaHHs 3pa3koBux LuKIiB Jlopenua (puc. 1, a) i KapHo no3Bomnsie BU3HAUUTH
parioHabHI MeXi IX BUKOpucTaHHs. Tak,

T AT, T,

npu AT, > —L AT, abo LS €< &g (13)
Tl A 0 TOH
T AT, T.

mpu AT, <—-AT, abo L <2 €€ - (14)
Tl A710 TOH

Tyt T4=T., 1 T1=Tou , TOMY IO POTISAAIOTHCS 3PA3KOBI ITUKITH.

TakuM 4uHOM, SKUOI0O TNpU BHUKOPUCTAHHI 3pa3koBoro Iukiaa JlopeHuma ans
OXOJIOJDKEHHSI TIOTOKY BIJHOIIEHHS HEI30TepPMIYHOCTEH poOoYoro Tijla B Ipolecax
TEIUI000MIHY 3 BEPXHIM 1 HWKHIM pkepenamu AT, /T, MeHIIe, YUM BIJHOLUEHHS HIKYHX
TEMIIepaTyp CEpeloBHINAa 1 MOTOKY, IO OXO0NOmKyeThesi AT, /Ton, TO mmka JlopeHua e
TEPMOJAMHAMIYHO O11bII €)EKTUBHUM TOPIBHIHO 31 3pa3KoBUM ITMKJIOM KapHo.
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3 oTpUMaHUX BUPa3iB MOKHA 3pOOUTH HACTYITHHM BUCHOBOK, 110 €(DEKTUBHICTH ITUKITY
JlopeHua nopiBHSAHO 3 nukiIoM KapHO mifBuILyeThCs npu 3MeHIIeHHI Tou, AT, Ta mpu
30uIbIIeHHl T, 1 AT,

Bennuuna AT, B uukii Jlopenna moxxe OyTu 3MeHIIEHa MigoopoM poOOYoro Tina,
3MEHIIECHHSIM CTYTIEHS CTUCKAHHA pOoO0YOTro Tijla MPH YAOCKOHAICHHI CXEMH IIUKITY, a TAKOXK
3BeJleHa 10 MiHIMYMY pealizali€ro MpoLecy i30TepMIYHOr0 CTUCKaHHA pOoO0YOro Tija.

SAxmo B nukii JlopeHina 3 noBHOI HeizoTepMiuHiCTIO NpuitHATH AT,,=0, TO 1e# HUKI
NepeTBOPIOETHCS B TpUKYTHUH. Toxi 3 Bupasy (10) xonoamibHui KoeilieHT UKy

_T1+T4

e = ) 15
s (15)

3 noHwkeHHsIM 7] eHepreTHyHi nepeBaru TPUKYTHOro LUKy JlopeHua mopiBHSHO 3
Kapno 3pocrarots [3].

VY 10CKOHAJEHHSAM 3pa3KOBUX IHUKIIB 3 HE130TEPMIYHHMHU TpoliecaMu pododoro Tina
[IUISIXOM BUKOPWCTaHHS BHYTPIIIHIX MPOIECIB peKyIepallii Terjia MoKHa 3HAYHO 3MEHIITUTH
CTYIiHb CTUCKaHHA pobodoro Tina. [Ipu npoMy B peasbHUX TepMOTpaHC(pOpMaTopax MOXKHA
3HaYHO 3MEHIIMTH BUTpPATH  EJEKTPUYHOI eHeprii 3a paxyHOK BHKOPUCTaHHS
BUCOKOE(EKTUBHUX TYpOOKOMITPECOPiB, HANPHUKIAJ BiALIEHTPOBHX Ta OCHOBUX, SKI MalOTh
Maji BTpatu eHeprii. [Ipu BUKOpUCTaHHI IJIi CTUCKY HapH TEPMIYHUX KOMIIPECOPIB IIE Ja€
MOJJIMBICTh I POOOTH LMKy YTWIi3yBaTW HU3bKOMOTeHLiadbHe Temio BEP a6o
MPUPOJIHUX JKEPET HEBUCOKOT TeMIIepaTypHu.

Jlist mocsiTHEeHHs BKa3aHOT METH B 000X BWITaJKax HEOOXiJHa po3poOKa 3BOPOTHIX
[UKIIB 3 MaJIUM CTYIIEHEM MIABUIICHHS THUCKY poOoYoro Tija. Y IMKIAX 3 TMOCTIHHOIO
TEMIEepaTypol0 poOOYOoro Tija B MPOLECI OXOJOPKEHHS Uil 3MEHIICHHS CTYICHIO
MIJBUIIEHHS TUCKY 3aCTOCOBYIOTHCS J1Ba MeTOAM [8]: kKackamuui, 3anpornonoBanuii P. ITikte
B 1877 p., 1 3 perenepauieto Terma, pospodsenuii B.Cumencom B 1857 p.

Kackaguuii TuKI1 103BOJISIE€ BEJTMKUNA 1HTEPBAJ CTUCKAHHS, XapaKTePHUN I €IMHOTO
nukay KapHo, 3aMiHUTH 3HAYHO MEHIIMMH I1HTEpBajJaMH B OKPEMHX IMKIAX KacKamy,
3B’3aHUX TEIIOOOMIHHUKOM.

3MEHIICHHSI CTYNEHIO MiJBUILEHHSI THCKY B PEreHEpaTHBHOMY LIMKJII OCHOBAaHE Ha
BUKOPUCTAaHHI BHYTPIIITHHOTO TEIJIOOOMIHY MDK MPSMHUM 1 3BOPOTHHUM MOTOKaMHU poOOYOTo
tina. IlpuHmMn pereHepaunii IIMPOKO BHKOPHCTOBYEThCS B TazoBux Imkinax [9]. B.C.
MapTrHHOBCHKUI BiJ3HAUaB, 1110 3aCTOCYBAHHSI PET€HEPATUBHOIO Tra30BOT0 LUKIY J03BOJISE
3HaYHO 3MEHIUUTH I1HTEPBAJI CTHUCKY, LI0 OCOOJMBO BaXJIMBO TMPH BHUKOPUCTAHHI
TypOokoMIpecopis [3].

VY cucremax 3 UMKIIYHUMHU TPOLIECAMH BHUKOPHUCTOBYIOTHCSI TaKOX CXEMH, IO
MOETHYIOTh KacKaJl 1 perenepariiro [8].

[Tpu 3MiHHOCTI TemmepaTypu poOOYOro Tila B Mpolecax TEII000MiHY MOXKIMBOCTI
CTBOPEHHS ITUKJIIB 3 MAJIMM CTYIICHEM ITiIBUIIICHHS TUCKY 3HAYHO HIUPIIII.

Tak, na puc.l, 6 300paxeni mukn Jlopenna 1-2-3-4-1 3 TOBHOIO HEI30TEPMIUHICTIO
OXOJIO/IPKEHHS Ta 3MIHHOIO TEMIIEPAaTypol0 B1JIBEJICHHS TeIJla B HABKOJIMIIHE CEPEIOBUIIE, a
TaKOX B MOPIBHAHHI 3 HUM UK 1-1'-2-3'-4'-4"-1 3 oqHOCTYIEHEBOIO pereHepaliieio Teri. Y
OJIHOCTYIIHYAaCTOMY UMK 3MEHIIYEThCS CTYIMHb TMIABUIIECHHS THUCKY, a TEIUIO, SIKE
HeoOXigHe BiTHATH B mporeci 4'-4" nns mocsirHeHHs Tiel x Temreparypu 7oy BIABOIUTHCS
JIOTATKOBOKO YaCTHHOKO poOouoro Tina (mporec 1'-2), nupkyiaow4doi B kKoHtypi 1'-2-3'-4'-1".
Y HaBKOJIMIIHE CEPEIOBUINE TEIJIO BiJi OCHOBHOI KUIBKOCTI poOOYOro Tiia i JOAATKOBOI
YaCTUHU BIABOAUTHCA B mpoueci 3'-4'. Ilpu mpomy Buma temmeparypa Ti mpomecy 3'-4'
MeHIe HiK T3 B TakoMmy K Ipoleci MopiBHIOBaHOTO UKy Jlopenua. MoxiauBi 1MKIN 3
YHCIIOM CTYIEHIB pereHepaii 1, 2, 3 i Ouibe.
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PosrnsiHeMo SK BIUIMBAa€ CTyIiHYAcTa pereHepaiis Tella Ha  XOJOIMIbHHMA
KOEe(IIiEHT 3pa3koBOro LUKIY. s CHOpOIIEHHS NpuiiMeMo OOMEXKEHHS, NpU SKOMY
TEIJIOEMHOCTI PO0OOYOro Tila B TPOIEcax BHYTPIIIHBOTO 1 30BHINIHBOTO TEIIOOOMIiHY
nocriithi. [Ipu npoMy KinbkocTi pobodoro Tina, o 0epyTh y4acTb B MPOIECi BHYTPIILIHBOTO
TerI000MiHy, OyayTh piBHI, CepeHi TemMneparypu pododoro Tijia B Mpolecax TeIrI000MiHY
BU3HAYaTUMEMO HPUOIU3HO, K CepeiHi apuMeTHUHI.

[Toznaunmo S, — S1=AS. 3rigno ymoBi Ty —Ty4 =TTy, T001 Sgr = Sav = $5-S1' = 0,5AS.
SIkmo yacTky poGoyoro Tina B mporecax 2-3'-4' mpuiHATH piBHINM OAMHHUIN, TO YaCTKU
pobouunx T B pomecax 1-2 ta 1'-2 6yayte qopisHtoBatu 110 0,5, a X0I0IMIBHUA Koe]iieHT
3pa3KOBOT0 OJIHOCTYITIHYACTOTO HUKIY MPUOJIN3HO

. 0,5%0,5x (T, +T,)x AS ~ T +T,
T0,5(T, +T)x0,5xAS —0,25(T, + T,)x AS (T, +T,)— (T, +T,)

(16)

Sxmo BpaxyBsaru, mo 1>=74=T14 , TO
. __ T+,
I =T+ (T =T

(17)

Sxmo nosnauntH 713 —T4=AT,, TO 3rigHO NPUUHATUM YMOBaM HEI30TE€PMIYHICTH
po06OYOro TiJjIa MPH BiIBOJII TEIUIA B HABKOJIHIITHE CEPEIOBHUIIIE VISl OTHOCTYITIHYACTOTO IIUKITY

1
AT, =T, -T, = EATCP, (18)
ne T3 - BHIA TemrepaTypa poOOYoro Tija B MPOIECi BiBOAY TEIUIA B HABKOJUIIIHE
cepeloBHINe, BEpXHINH 1HAEKC «1» B I[bOMYy MO3HAUYEHHI — YHCIO CTYNEHIB IUKIY (OaHA
CTYIICHB).
AHanoriyto:
— IS 2-CTYyNI€HEBOTO LIUKITY

1
2 _ _
ATW —T32 -T, _EATW (19)
— I 3-CTyIEHEBOTO
1
3 _ _
ATCP—T33—T4—ﬁATCp,..., (20)
— JId l’l-CTYHeHeBOFO
; 1
ATCp:T3,,—T4:n+1ATCp. (21)

XonoauwibHU# Koe(ilieHT 3pa3KOBOI0 OJHOCTYIIHYACTOrO IIUKITY 3 YpaxyBaHHsM (18)

T +T,
B oy = —— . 22)

(T4 _711)+5ATC]J

AHAJIOTIYHO MOXXHA OTPUMATH XOJOAWIBHHN KOe(DIIIEHT 3pa3KoBOTO HMHUKIY 3 Oyib-
AKUM YUCIIOM CTyHeHiB n

e = L+, . (23)

n—cm 1

T,-T)+—AT
( 4 1) n+1 cp
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VY BUNaAKy 130€HTPOMIYHOTO CTHUCKAHHS MPU 7 —> 0O IUKI 3a TEPMOJUHAMIYHOIO
e()eKTUBHICTIO HAOMMKAETHCS 10 TPUKYTHOTO (15)

_)T1+T4_

€ =E&,.
n—cm A
T,-T,

(24)
Pozminumo Bupaz (23) na (10) Ta BH3HAYMMO SK BIUIMBAE YHCJIO CTYINEHIB Ha
XOJOAMIBHUNA KOe(DilieHT HUKITY. 3 ypaxXyBaHHSM, 110 33 MPUUHATAMHA yMOoBaMU  14-T1=T3-
I,=AT,,
€ 2(n+1)

n—cm — s 25
€om lm+1) 25)

IPU 1—0 Eyen/E0-cm — 2.

Takum uYwHOM, TpW 30UTBIICHHI B LMKl 4YHCJIa CTYINEHIB 7 pereHeparii Tterma
3MEHIIY€EThCS CTYiHb MiABUIICHHS TUCKY 1 30UIbIITY€eThCS B (2n+2)/(n+2) pa3u XonoauIbHAN
koedimient. Ilpm 3MiHHIA TemmepaTypi BiIBOAY TEIUIa B HABKOJHIIHE CEPEIOBHUIIE
3MEHIIYIOTHCSI HE130TEPMIUHICTh IHOTO Mpolecy B #+1 pa3 1 BiAMOBIIHO MOHMKYETHCS BUIIA
TeMriepatypa 73 B KIHII MPOIECY CTUCKAHHS. XOJOIWIBHUN KOEQIIIEHT 31 301UIBIICHHIM 71
HaOJMKAEThCS 10 3HAUCHHS, SIKE BIJNIOBIJA€ TPUKYTHOMY LIUKITY.

Crinx 3a3HauUTH, IO NPAKTUYHI MOXKIIMBOCTI BUKOPUCTAHHS OMKCAHUX BUIIE LUKIIB
3amexarbh BiJ iX CXeM, NPUHIUIOBHX 1 KOHCTPYKTUBHUX OCOOIHMBOCTEH amapaTiB i
KOMIIPECOPIB Ta BIACTHBOCTEH poOouMX TiN. B mpuBemeHMX mHMKIAX 3 OJHOTO OOKY
3MEHUIYIOThCSI E€HEpPreTHMYHi BUTPAaTH Ha CTUCKaHHA poOo4yoro TiMa, a 3 Jpyroro
iIBUIYIOTHCS. BTPATH B MPOIECaX BHYTPIIIHBOTO TEIUIOOOMiHY, 3MEHIICHHIO SIKUX CIIPHSIE
TOCSATHEHHS €KB1AiCTaHTHOCTI mportieciB Ag=f(T) B mpolecax peKynepaTuBHOTO TEIII0O0OMIHY
Ta MiIBUIIEHHS Koe(imlieTiB Teruronepenavi. Tomy HeoOXigHi po3poOKa i1 TOCITiHKEHHS
HallpalliOHANBHIIIUX CXeM 1 po0OYMX TN Ta ONTHUMI3AIis UHUKIIB, PEXHUMIB poOOTH 1
KOHCTPYKII MalllvH 3 BUKOPUCTAHHSIM CYyYacHUX KOMIT FOTEpHHX TexHoJorii. e mo3BoauTh
32 KOHKPETHHUX YMOB BHUpPOOHHUITBAa (IOYAaTKOBA 1 KiHIIEBA TEeMIEpPaTypu OXOJIOKEHHS,
OXOJIOJDKYIOUE cepeioBuIle, HasBHICTh Teruia BEP meBHOT TeMniepaTypu, morpeda B TETJIOBIN
eHeprii Ta 1H.) BUOMpaTH ONTHMAaJbHI BapiaHTU CXE€M 1 LUKIIB COPOIIMHUX MAaIluH IS
OXOJIO/IKEHHS TIOTOKIB PEUYOBHUH.

BucnoBku. Po3poOka copOuiitHux TepMoTpancpopmMaTopiB Ha OCHOBI CTyMIHYACTUX
3pa3KoBUX IUKJIIB MOXE 3MEHIIMTH CTYIiHb CTUCKY POOOYOro Tijla IUKIY 10 HEOoOXimHOi
ONTHUMAJBHOI BEJIMYMHH, MiJBUIIUTH TEPMOAMHAMIUHY €(EKTUBHICTh IUKIY 1 B pe3ylbTaTi
JIaCTh MOJKJIMBICTH BUKOPHCTOBYBAaTH BHCOKOE()EKTHBHI TYpOOKOMIIPECOPH [UISI CTUCKAHHS
napu, abo TepMiuHI KOMIpPECOpH, SIKi BUKOPHCTOBYIOTh HU3bKOMOTeHIiNHEe Tero BEP,
NPUPOIHIX PECYpCiB Ta iH. IKEped.
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Energy Saving Standard Cycles for Cooling Transformers

The objective of the article is research and development exemplary thermodynamics cycles for the
energykeeping technological processes of cooling of streams matters from an ambient temperature to the set low
temperature.

In the article energeticheskaya efficiency of Lorenca cycle is analysed depending on the interval of
temperatures working body in the processes of heat exchange with outsourcings. It is also well-proven that
thermodynamics cycle with a step regeneration of heat is most effective for cooling in a most temperature
interval, that at cooling of stream of matter from the temperature of environment. Except for that, at the increase
of number of stupiney regeneration heat, for example in thermotransformers of resorption, considerably interval
of working body temperatures diminishes in the process of taking of heat in an environment. It is instrumental in
approaching of cycle to three-cornered, that with the least expense of energy on the compression of working
body.

Thus introduction of cycle with the step regeneration of heat, which can be realized in
thermotransformers with resorption for cooling, will be instrumental in an energy-savings in technologies of
streams material cooling in different industries, including in agriculture.
thermotransformer, three-cornered, cycle, cooling, step, regeneration, heat
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[IpoayKTUBHICTh JBOBEPCTATHUXPOOOTHU30BAHUX
KOMIIJICKCIB

CyuacHi yMOBH PHHKOBOTO BUPOOHHIITBA BUMAraroTh IIOCTIHHOTO OHOBJICHHS! BUPOOJIIOBAHOT IPOIYKIIT
Jutsl 3a0e3redeHH s ii KOHKYPEHTHOI CIPOMO>KHOCTI. Bce 11e MOXIIMBO Ha OCHOBI BIIPOBa/UKEHHS Y BUPOOHUIITBO
HOBOTO OOmamHaHHA (BepcTaTiB) 3 YHCIOBHM NPOTPAMHUM KEPYBaHHSM, IIPOMHCIOBHX pOOOTIB Ta
KOMIT'FOTepHOi TexHiKH. KommiekcHe I1X BHKOPHCTaHHS JO3BOJs€ OTPUMAard THydYke pPOOOTH30BaHE
BHPOOHHUIITBO 3 yciMa foro mepeBaraMu. [IuTaHHS IPOAYKTHBHOCTI pOOOTH TaKMX KOMIUIEKCIB HaBEICHI B JaHIl
CTaTTi.
NMPOMUCJIOBi podoTH, podoTU30BaHi TexHoJ0riuHi kommiekcu (PTK), npoagykTuBHicTh, cTPyKTYpa 0y10BH
Ta npoayktuBHocTi PTK, nuknorpama podoru PTK
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