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PaccMoTpeHbl cxeMBl Ha OCHOBE Ta30[JMHAMHUYECKHX allaparoB, NpeJHa3HAuCHHbIE Ui
OCYIIKM HPHPOJHOrO raza M o0orpeBa 3/1eMEHTOB apMmaTypbl. IIpencTtaBieHa MeTonuka
OLICHKN (D (PEKTHBHOCTH OXJIQJAUTENEH AKCIUTyaTUPYEMBIX B YCIOBHSX peajbHBIX Ta30B IPH
TOBBIIICHHBIX JaBieHnsIX. COMocTaBIeHbl XapaKTEPUCTHKH allapaToB, pabOTalomuX Ha
a30Te M METaHe NpH OAWHAKOBHIX HAYIbHBIX IapaMeTpax IMOTOKa Ha BXOJE B COIUIOBOM
BBOJ. [IprBeneHBI CXEMBI YCTAHOBOK, B KOTOPBIX 3@ CYET JKCIPTUHM CXKATOr0 MPUPOIHOTrO
ra3a NpOHMCXOJHUT OJHOBPEMCHHOE OXJIAKICHWE M HarpeB OObeKTOB. [lokazaHo BimsHHE
MacITabHOTO (paKTOpa Ha TEMIIEpaTypHBIE XapaKTEPUCTUKH Ta30ANHAMHIECKHX yCTPOICTB.
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The schemes are considered on the basis of gas-dynamic apparatuses intended for drying
natural gas and heating valve elements. A methodology for evaluating the effectiveness of
chillers operated in real gas at elevated pressures is presented. The characteristics of devic-
es operating on nitrogen and methane are compared for the same initial flow parameters at
the inlet to the nozzle input. The plant diagrams are given in which due to the exergy of



compressed natural gas, objects are simultaneously cooled and heated. The installation dia-
grams are given in which due to the exergy of compressed natural gas, objects are simulta-
neously cooled and heated. The influence of the scale factor on the temperature characteris-
tics of gas-dynamic devices is shown.

Keywords: natural gas, gas-dynamic device, vortex tube

ConocTtaBneHne BO3MOXHOCTEN TecTupoBaHuAa n HeobxoanMbIX
SKCNnepnmMeHTOB Ans paGOTbI NapoOKOMMNPEeCCUOHHbLIX XOoNnoAUNbHbLIX
LUUKITOB B YCNNOBUAX MUKpOrpaButTaummn
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B teuenune nsatuaecstu et Hadmomaercs uaTepec K [IKXM 11 KOCMHYESCKHX amaparos,
HO MOJKHO clielaTh OYE€Hb Majl0 BBIBOJOB O pe3yJibTaTaxX HCCIEIOBAaHUI 3TOro BOIpoca
00 M3-3a HECUCTEMATHUYECKUX TOIX00B, JIM0O U3-3a Cl1a0d0 JOKYMEHTHPOBAHHBIX JKCIIC-
PUMEHTOB. B MpOTHUBOMOII0KHOCTE TOMY, CIIPOC HA OXJIAXKIEHUE U 3aMOPO3KY C BBICOKUM
KO3 PHUIUEHTOM NMPeoOpa3oBaHUs YBEIMYHBACTCSA C IUIAHUPOBAHHEM JJIMTEIBHBIX IIOJIC-
TOB B KOocMocC. HeoOXxomuMMo HavaTh UCIIOJIb30BAaTh BCE MMEIOIIMECS BO3MOKHOCTH JKCIIE-
PUMEHTA JJIs1 UCCCIOBAHUS ABYX(Da3HbIX UKIOB B YCIOBHIX MHKPOTPABUTAIIMH. DTa CTa-
Thsl MEPEUYUCISIET COOTBETCTBYIOIIME BO3MOXKHOCTH C HMX XapaKTEpUCTUKaMU M CTaBUT
OTKPBITHIC BOMPOCHI OTHOCUTEIBHO MapOKOMIIPECCHOHHBIX MUKIOB B KocMoce. Heobxomu-
MBI€ DKCIIEPUMEHTBI OCHOBAaHbI HA HEPEIICHHBIX BONPOCAX M COOTBETCTBYIOT BO3MOKHO-
CTSIM COBPEMECHHOTO TEXHHUYECKOTO YPOBHS, YTOOBI OMMCATh MyTh K HAACIKHOMY, MPEACKa-
3yeMOMY U BBICOKOA((PEKTHBHOMY OXJIaXKICHIIO Ha KOCMUYECKOM Kopaoire.

KaioueBble cI0BA: MAapOKOMIIPECCHOHBIM IMKI, OXJIaXIEHHE, DKCIIEPUMEHTHI, HEBECO-
MOCTb, MHKPOTPaBUTAIIUS

Matching Testing Possibilities and Needed Experiments
for Successful Vapor Compression Cycles in Microgravity
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The literature shows five decades of interest in vapor compression cooling for spacecraft,
but only very few conclusions can be drawn because of either non-systematic approaches or
sparsely documented experiments. In contrast to that, the demand for high COP refrigera-



tion and freezing is increasing with long manned space travel being planned. Research
should start to exploit all available testing opportunities to investigate two-phase cycles in
microgravity environments. This paper lists relevant testing possibilities with their charac-
teristics and poses open questions regarding vapor compression cycles in space. Needed
experiments are derived from the open questions and matched with the testing possibilities
to describe a path towards reliable, predictable and highly efficient refrigeration on space
craft.

Keywords: vapor compression cycle, refrigeration, experiments, zero-G, micro-gravity

Oco6eHHOCTU CXeM perynmpoBaHnAa Temnepartypbl
B TEPMO3JIEKTPUYECKMX XONOAUNBbHUKaxX
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PaccMoTpeHBl 0COOEHHOCTH JBYXITO3MIMOHHBIX CXEM pETYJIMPOBaHMS TEMIIEPaTyphl B
TEPMONICKTPUUCCKUX XOJIOJMIBHUKAX, NTPEAHA3HAUYCHHBIX JJISI XpaHEHHs MPOIYKTOB IH-
tauus. [IpeacraBneH crnoco0d SKCIEPUMEHTAIFHOTO OINPEZCICHUS] TaK Ha3bIBAEMOTO TOKa
nays3sl H pe3yJbTaThl IPUMEHEHHS CXEMBI PETyJIMPOBAHMS C €r0 HCIOJIB30BAaHUEM Ha IPH-
Mepe TepPMONIEKTPHIECKOro Xomoamibanka TOX-0,12.

KiroueBble cji0Ba: TEPMORICKTPUIESCKUN XOJIOIMIBHUK, TOK May3bl, TEPMOIICKTPHUIECKUI
MOJAYJb, CXEMBI PETYJIUPOBAHUS TEMIIEPATYPBI

Special Aspects of Temperature Adjustment
in Thermoelectric Refrigerators
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The peculiarities of two-position temperature control circuits in thermoelectric refrigerators
designed for food storage are considered. A method for the experimental determination of
the so-called pause current and the results of applying a control circuit using it using the
example of a thermoelectric refrigerator “T2X-0.12” are presented.

Keywords: thermoelectric refrigerator, pause current, thermoelectric module, temperature
control circuits



Co3faaHue Kno4yeBOM TEXHONOMMMU 3alUTbl OT KOPPO3Un
U NpocUnakTUKN HakMneobpasoBaHUs UCNapUTeNbHbIX
KOHAEHCATOPOB XONOAUNbHbIX CUCTEM
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[pemtokeH u peann3oBaH MPHUHIUIHAIBPHO HOBBIA CIIOCOO WHTHOMPOBAHUS KOPPO3WH U
HAKHITHBIX OTJIOXKCHHH Ha MIOBEPXHOCTH MCIIAPUTEIILHBIX KOHICHCATOPOB, KOTOPBIA 3aKITIO-
4aeTCs B YIIAKOBKE MOJICKYJI HHIMOMTOPA B KAICYJIbl U3 XCIATHBIX coeanHeHnil. Kamcyim-
pOBaHHE MHTHOMUTOPA MO3BOJSIET MOBBICHTH A(PPEKTHBHOCTD MIMPOKOTO CIIEKTPa WHTHOH-
TOPOB KOPPO3HUH B 60pBOE ¢ KOPPO3UEH METAIIIOB.

KaioueBble ciioBa: X0J0AuIbHOE 000pYJOBaHKE, HCTIAPUTENIBHBIE KOHICHCATOPBI, KOPPO-
3Us, HHTUOUTOPBI, OYMCTKA HAKUITH, OTJIOKECHHUS

Development of an Advanced Technology for Corrosion Protection
and Prevention of a Scale Formation of Evaporative Condensers
of Refrigerating Systems
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A brand new method of inhibiting corrosion and scale on a surface area of evaporative con-
densers, which consists in packing inhibitor molecules in capsules of chelated compounds,
is proposed and implemented. Encapsulation of the inhibitor can increase the effectiveness
of'a wide range of corrosion inhibitors in the fight against corrosion.

Keywords: cooling equipment, evaporative condenser, corrosion, inhibitors, scale remov-
ing, deposits

AdpekTUBHOCTL paboThbl XONOAUNIBLHOro 060pyAoBaHUA
Ha NPUPOAHbLIX XNnagareHTax
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IIponsBeneHoO HCCNENOBaHUE IMOTEPh XOJIOAWIBHBIX YCTAHOBOK MNPENNPUATHI IHIIEBON
MPOMBIIINICHHOCTH € ABYMS PabOYMMM TEMIICPaTypHBIMH YPOBHIMH (TEMIIEPaTypPbl KHIIE-
Hus xnagarenta MuHyc 35 °C u munyc 10 °C), paboTaromux ¢ IPUPOAHBIMH XOJIOIUIIb-
HeIMU areHTaMu CO, 1 R290 3HTpONMMHHO-CTATUCTHYECKIM METOJIOM TEPMOJANHAMHYECKO-
ro ananuza. [IpoBeneHo cpaBHeHHe TOTEph M 3(PQEKTHBHOCTH PabOTHI XOJIOJUIBHOM



YCTaHOBKH, paboTaroiieil o TpaHckpuTudeckomy mukiny CO, ¢ BO3AYIIHBIM OXJIaXICHUEM
OXJIQJIUTENSI Ta3a C XOJOAMIBHON YCTaHOBKOM, paboTaromield Mo 0HOCTYIEHYATOMY [IUKITY
C OJJHOKPATHBIM JIPOCCETUPOBAHUEM U KUAKOCTHBIM OXJIAKIEHUEM KOHJeHcaTopa, ¢ R290
B Ka4ecTBe xJiajareHTa. [IpuBo/sSTCS MPUHIMITHATIBHBIE CXEMbl PACCMATPHUBAEMbIX yYCTaHO-
BOK, JMarpaMMbl paclpe/eieHUs] TIOTePb 110 3JIEMEHTaM, 3HaYeHUs! XOJIOJUILHOTO KO-
(unyeHTa U CTENeHN TEPMOAMHAMUYECKOTO COBEPILICHCTBA. Pe3yibraThl aHan3a MO3BO-
JUJIM ONPENIeNIUTh MYTH COBEPIICHCTBOBAHUS XOJIOJMJIBHBIX YCTaHOBOK IIPEINPHITHH
MUIIEBOI MPOMBIINICHHOCTH C HCIIOJIb30BaHUEM TIPUPOIHBIX XJIAIar€HTOB.

KiroueBbie ca10Ba: 3HTPONHHHO-CTATUCTHYSCKU METON aHanm3a, 3Q(QeKTHBHOCTE, TpHU-
ponnsbie xnanarentsl, CO,, nponan

The Efficiency of the Refrigeration Equipment to Natural Refrigerants
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The investigation of losses in refrigeration plants applied in food industry with two working
temperature levels (evaporation temperature minus 35 °C and minus 10 °C) on nature re-
frigerants CO, and R290 was made by using entropic and statistical method of the analysis.
The comparison of losses and efficiency for transcritical refrigeration plant with air cooled
gas cooler and CO, as refrigerant, cascade refrigeration plant with R134a in high cascade
stage and CO, in low cascade stage and refrigeration plant working on one stager cycle and
water cooled condenser with R290 was made. The principle diagrams, diagram of losses
by refrigeration plants elements, COP and the degree of thermodynamic efficiency were
given. Results of the analysis shown prospects of application refrigeration plants with R290
as refrigerant and allowed to determine ways of improvements of refrigeration plants ap-
plied in food industry by using nature refrigerants.

Keywords: entropic and statistical method of analysis, efficiency, nature refrigerants, CO,,
propane

I'Iapoxomnpeccuom-lble xonoaurnbHbIe MALUUHDbI
C nepeoxnaxgeHuem XUAKoro xmnagareHta nocrie KoHgeHcaTopa

© | Konocos M.A. kolosov@bmstu.ru
BopuceHko A.B. borart@bmstu.ru

MITY nm. H.3. BaymaHa, Mocksa, 105005, Poccus

Hccnenyercsa BIusHUE MNEpeOXJaXKIACHUSA KHUJKOTO XJIaJareHTa Iocjie KOHJeHcaTropa
BHEIIHEH cpeoi (BHEIIHETO MepeoXIaKICHU) Ha 3P GEKTUBHOCTh OJTHOCTYIICHUATOHN IMa-
poxommpeccroHHON xomomwibHoW MammHbl ([IKXMcII). [dns oueHkH 3 QeKTHBHOCTH
MOTOOHBIX ITUKJIOB YacTO HCIIONB3yeTcs MUK KapHO, 9TO MPUBOAMT K 3aBBIIICHUIO TIOKa-



3arenell A((PEKTUBHOCTH M WCKIIOYaeT OOBEKTWBHBIM aHalM3e IOTEePh B 3SJIEMEHTax
IMKXMcII. Kputepun 3¢ ¢heKTHBHOCTH MOA00HOTO LUKIIA JODKHBI YUYUTHIBATH H3MEHEHHE
TeMIepaTypbl (3KCEpPruy) BHEIIHEH Cpedbl, HCIOIB3yeMO Il mepeoxaxaeHus. B crarbe
obocHoBan Bun dTanoHHoro 1ukia [IKXMcIl ¢ nocTosiHHON TemIepaTypoil KOHAEHC AN
U MOCJIEIYIOIUM BHEIIHUM MEepeoxXJIaxJIeHHEeM KOHJEHCaTa, 1aH BBIBOJ| BBIPAXKEHUH NI
MHUHHAMAaJIbHOW MOIIHOCTH M MaKCHMaJIbHOTO XOJOAWJIBHOTO KO03((HIMEHTa B MOJOOHOM
nukne. s nukina ITIKXMcIl Ha pa3snuyHbBIX XJIaJareHTaX pacCUUTHIBAIOTCS 3aBHCHUMOCTHU
XOJIOAWIBHOTO KO3((uIMeHTa 1 CTENeHN TePMOJIMHAMHYECKOTO COBEPIICHCTBA OT BHEII-
HUX TEeMIepaTyp M JIaeTCsl CPaBHUTEJIbHAs OICHKAa MaclTaboB MX TOBBIMICHUS 32 CUET
BO3MOJKHOTO BHEITHETro nepeoxiaxaeHns. OTHUM K3 crioco0oB moBbImeHus 3¢ dexTHBHO-
CTH TapOKOMIIPECCHOHHBIX XOJIOJAWIBHBIX MAIUH SIBIACTCS BHENIHEE INEPEOXJIaKACHHE
XJIaJIaT€HTa I0CiIe KOHJeHcaTopa. [y OIEHKHM TakuX IUKJIOB Yallle BCETO HCIOJIB3YETCS
ks KapHo, ogHako cpaBHEHHE ¢ HUM HE OOBEKTHBHO U CYIIECTBEHHO MCKaXKaeT OLECHKY
s¢dexktuBHOCTH. B noKiane npuBeaeH BbIBOJ BBIPAKEHUS MUHUMaJbHOW pabOThl B 3Ta-
JIOHHOM IIMKJIE C BHEIIHUM MEPEOXJIaXKICHHEM M MOKa3aHbl MAacCIITaObl BRIUTIPHIIIA PAOOTHI
B TaKUX IIMKJIaX B 3aBUCUMOCTH OT BHEIIHUX yCJIOBUH M pOfa XJIaJareHra.

KuarwueBble ciioBa: UK HapOKOMHpeCCI/IOHHOﬁ XOJ'IOL[I/IJ'[LHOﬁ MallluHbI; BHCIOHCC TICPC-
OXJIAXKACHUC, TepMO[[I/IHaMI/I‘{eCKI/Iﬁ aHaJIn3; MUHUMaJIbHasA MOIIHOCTb

Vapor Compression Refrigerating Machines
with Liquid Refrigerant Subcooling after Condenser
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The article considers the impact of liquid refrigerant outer subcooling after the condenser
by the exterior medium on the effectiveness of one-stage vapour compression refrigeration
machine with supercooler (VCRMwS). Carno cycle method often used for evaluating the
effectiveness of these cycles doesn’t consider change of ambient temperature needed for
subcooling (exergy) and can’t objectively evaluate power losses in these machines. The
paper presents a type of reference cycle for VCRMwS with constant condensation tempera-
ture and further outer subcooling and derives an equation for minimal power and maximal
cooling performance indicator. The dependence of cooling performance indicator from am-
bient temperature is calculated with various refrigerants and comparative assessment of the
rates of its improving through outer subcooling is given. Outer subcooling of the refrigerant
by an exterior medium after the condenser is one way of increasing a vapour compression
refrigeration machine’s effectiveness. Carnot cycle is used as a benchmark for these cycles,
but the comparison is biased and skewed. The report provides a derivation of the expression
for minimal power in the reference cycle with outer subcooling, as well as the scaling ratios
for the power gain as functions of exterior conditions and type of refrigerant.

Keywords: vapour compression refrigeration cycle; outer subcooling; thermodynamic
analysis; minimal power



Ocob6eHHOCTM OpraHu3aLumm npouecca TennoobmMeHa B yCrnoBUsAX
BO3MOXHOro obpaszoBaHus nbaa Ha paboyen NOBEPXHOCTHU
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PaccMaTtpuBaroTcst IpoIecchl TEMIO0OMEHA B YCIOBHAX, KOTJIa OJTHA U3 CPell UMEET TeMIIe-
paTypy TPOWHOM TOYKH HIDKE TEMIIepaTyphl KHIICHUs BTOpoil cpeapl. [TokasaHo, 4To mpo-
mecc oOpa3oBaHMUs JibJJa MOXKHO HM30€KaTh IyTEM OPraHM3aldH IIpoliecca TEIIooOMeHa
METOJIOM T10/100pa COOTHOIICHUH MapaMeTpoB Cpejl, YIaCTBYIOIIUX B Termiooomene. [1pu-
BE/ICHBI PUMEPHI IPAKTUYIESCKON pea3aluy NpeIIoKeHHOTO MOAX0/a.

KiroueBble cjioBa: TpoiiHast TOUKa, TSIUIOOOMEH, Jie

Features of the Organization of the Heat Transfer Process
in the Conditions of Possible Ice Formation on the Working Surface
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The article deals with the processes of heat transfer in conditions when one of the media
has a triple point temperature below the boiling point of the second medium. It is shown
that the process of ice formation can be avoided by organizing the heat exchange process by
selecting the ratio of the parameters of the media involved in the heat exchange. Examples
of practical implementation of the proposed approach are given.

KiroueBble cjioBa: TpoiiHast TOUKa, TCIUIOOOMEH, Jie]



MoBbiweHue ahpeKTUBHOCTUN NPUMEHeHUsA
NapoOKOMMNPECCUOHHbIX XONOAUSbHbIX MaLIUH C NOMOLLbIO
BCTPOEHHbIX aKKyMyJNATOPOB xonoaa
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Hcnonp3oBaHne akKyMyJIsITOPOB XO0JIoJa IMOBbIMAET 3()(EKTHBHOCTb CHUCTEMBI XOJIO/0-
cHa0xeHMs AJI4 Leoro paia 3azad. Kpome Toro, B mocneaHue roJsl HHTEpeC K aKKyMYJIH-
POBAHMIO XOJIOJ]Aa PAcTET B CBS3U C aKTUBHBIM Pa3BUTHEM MPUMEHEHHs BO30OHOBIISEMBIX
WCTOYHHMKOB 3HEPrHU I XoinopocHaOxeHus. Jlo HegaBHEro BpPEeMEHHM EAMHCTBEHHBIM
yIOOHBIM CIIOCOOOM aKKyMYJIMPOBAaHHS X0JI0/a ObUIO HaKOIUIEHWE JbJa. Taxke HeoOXo-
JVMBIM yCIIOBHEM OBIIO MCIOJIB30BAaHUE MPOMEXYTOUYHOTO XiajgoHocurens. OqHako mpu-
MEHEHHE IPOMEXKYTOYHOIO XJIAJOHOCHUTEN HEPAlUOHANBHO Ul MHOTHUX KOHCTPYKLHI
XOJIOAWJIBHBIX MAIMH M BEAET K JOMOJTHUTEIBHBIM IOTEpSM TeIutoTel. Ceromns paszpabo-
TAHO MHOJKECTBO BEILECTB JJIsl aKKYMYJIMPOBAHUS TEIUIOTHI (ha30BOr0 Mepexoja Npu pas-
JUYHBIX TEMIepaTypax, YTO pacIIUpseT BOSMOXKHOCTU MPUMEHEHUS aKKyMYJISIIUH TETUIO-
BOH DHEPrUM HENMOCPEACTBEHHO B KOHTYPE NapOKOMIIPECCUOHHON XOJIOJWIBHON MAallMHbI
(ITKXM). BeironHeH 0030p CyIIECTBYIOUIMX CIIOCOOOB NMPUMEHEHHS aKKyMYJSTOPOB XO-
JI0ZIa B KOHTYpE MapOKOMIIPECCHOHHOM XOJIOMIBHOM MaluHbl 0€3 HCIOJIb30BaHUS BTO-
PUYHOTO XJIaIOHOCHUTENS, NPeJI0KEeHbl HOBbIE BapuaHThl. IIpoBeieH CpaBHUTEIBHBIN aHa-
713 3QPEKTUBHOCTH PacCMOTPEHHBIX cucTeM. [lomydens! pe3yapTaTsl o 3¢ dexTHBHOCTH
MIPUMEHEHHS Pa3IMYHBIX CIIOCOOOB aKKyMyJMpoBaHHs Xxoioxa B kKoHType [IKXM. [lansl
PEKOMEHIALMH 110 00JIaCTH MPHUMEHEHHUS! CHCTEM, NOAOOpY BEIECTB Uil aKKyMYJIHpOBa-
HUSI X0JI0JIa M 00BEMY aKKyMYJISITOPOB.

KiroueBble c10Ba: akKyMyJsITOp XOJ07a, TeIuioTa ¢azoBoro mnepexona, [IKXM, monenn-
poBaHHe

Improving the Performance of Vapor-Compression Refrigerators
Using Integrated Thermal Energy Storage
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Applying thermal energy storages increases the efficiency of the refrigeration system for
many tasks. Interest in thermal energy storage is growing in connection with the active de-



velopment of the renewable energy sources for cooling. Until recently, ice was the only
convenient way to accumulate cold with necessary using of intermediate coolant. However,
the use of an intermediate coolant is irrational for many designs of refrigerators and leads to
additional heat losses. Today, many substances are developed for accumulating latent heat
at various temperatures, which expands the possibilities of using thermal energy storage
directly in the circuit of a vapor -compression refrigerator (VCR). A review of existing
ways for using thermal energy storage in the circuit of a VCR without the use of an inter-
mediate coolant is performed, new options are proposed. A comparative analysis of the
performance of the considered systems is carried out. The results on the effectiveness of
using various methods of heat storage in the VCR circuit are obtained. Recommendations
on the range of application for the systems, the selection of substances for storage and the
volume of storages are given.

Keywords: thermal energy storage, latent heat, vapor-compression refrigerator, simulation

Co3paHue nenonopoaHoro orpaxgeHus npu ctpouTtenbCcTBe
BepPTUKAJNIbHbLIX WHAaXTHbLIX CTBONIOB
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PaccmarpuBaeTcs BOIpoc co3aHus M HOAJep KaHuA JefonopogHoro orpaxaenus (JII1O)
IIaXTHBIX CTBOJIOB. AKTYaJIbHOCTh HCCIIE/IOBAaHHS OOYCIIOBJIEHAa BO3PACTAIOLIMM CIPOCOM
Ha TakHe MoJIe3HbIe HCKOIIaeMble, KaK, HalpuMep, KaluifHas pyna. Takas pyaa qo0bIBaeTcs
IIaXTHBIM METOJIOM, TIPH KOTOPOM JUTS 0OECTIEIEHHS IPOYHOCTH ¥ THAPOU3OJIAIMH CTBOJIA
npumenstoT JIIIO. OcHoBHAs mpobiiemMa 3aKiIodaeTcss B KOPPEKTHOM pacdere Tpedyemoit
tonmuHbl JITIO ¥ X0m010MpON3BOANTEIBHOCTH, BBIOOPE PEXMMOB M CXEM 3aMOPaKHBa-
HUs. BBI60p Ppas3IMYHbIX peH_IeHI/Iﬁ BJIMACT HA KAlIMTAJIBHBIC U OKCIITYaTallTUOHHBIC 3aTPaThI.
ITocraBneHa 3aJaya OLEHUTH BIMSHUE CXEM DPACIOJIOKEHUS 3aMOPAKUBAIOIIUX KOJOHOK,
BBI6paHHOﬁ TEMIICPATYPHI XJIAJOHOCUTEIAA HA CTOUMOCTD KallUTAJIBHBIX W 3KCILTyaTalluOH-
HBIX 3arpaT. Takke BBHIIOJHEH aHaJM3 BIIUSHUS BBINICYyKa3aHHBIX (AaKTOPOB HA caM Mpo-
1ecc 3aMOpaKMBaHuUs rpyHTa. J{Jsi MpOBEJICHUS UCCIIeIOBaHHS UCIIONb30BAINCH aHAJIUTH-
YecKHe METOJbl pacueTa U CIelUaIbHOEe IPOorpaMMHOe obecreueHue. bpum paccMoTpeHsl
NIPUYMHBI, HE MO3BOJISIONINE CO3/1aTh 3aMKHYTOE JIEIOMOPOAHOE OrpaklAeHHE, TaK Kak 3a-
4acTyl0 OHM OOYCIJIOBIICHBI HE BEIOOPOM CXEMHOT'O PEIICHUSI U TEMIIEPaTypHOTO PeKUMa, a
HapylIeHHEM TEXHOJIOTHH OypeHMs M YCTaHOBKH KOJIOHOK. B mTore, manHas ctaThs 00b-
€IMHSIET OMBIT PadOT IO CO3AAHUIO JIEJONOPOIHOTO OTPAXKICHNS U IPEIOCTABIACT CPABHU-
TEJIbHBIA aHAIN3 PA3JIMYHBIX PELICHUM.

KaioueBble ciioBa: 3aMOpO3Ka TPYHTOB, JICIONOPOJHOE OTPa’kACHHE, MIAXTHBIX CTBOJ,
XOJOAWIbHAS MaIlInHA
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Development of Frost Wall During The Construction of Vertical Shafts

© | Zharov AA. zharov_a@bmstu.ru
Mironov D.A. mironovda1@student.bomstu.ru

BMSTU, Moscow, 105005, Russia

The subject of this article is development and maintaining of shaft’s frost wall. Relevance of
research is based on increasing demand for mineral resources, such as potash ore. Mining
method is used for extraction of this type of ore and frost wall is used for providing of
strength and waterproofing of shaft. There are a few main problems: correct calculation of
required frost wall’s thickness, the choice of temperature regime and the choice of freezing
scheme, calculation of required cooling capacity. The choice of freezing technique affects on
value of capital and operation costs. The task was to complete impact analysis of freezing
pipes layout and brine temperature on value of capital and operation costs. An impact analysis
of these factors on ground freezing was also completed. The task was solved by analytical
methods of calculation and special software. Possible reasons of frost wall’s failure were also
described, as they usually are not related to temperature regime or freezing scheme. These
reasons are related to technique of boreholes drilling and installation of freezing pipes. As a
result, this article combines experience in development of frost walls and provides comparing
analysis of different schemes and techniques in area of frost wall development.

Keywords: ground freezing, frost wall, shaft, refrigeration machine

OnucaHune aKkcnepMMeHTanbLHOM YCTAaHOBKM NO U3YUYE€HUIO LUKNOB
copbuumn-gecopobuumn cpropcogepxawmx padbounx ten

© | MoHyposckas B.B. berenika973@mail.ru
Exos E.B.
MasypuH U.M.

dre0y BO HY «M3W», Mockea, 111250, Poccus

Ha panee co3gaHHOM KpyImHOMACIITAOHOM CTEH/IEC peai30BaH 3aMKHYTHIA Oe3MaIInHHBIH
ra30TEXHOJOTHUCCKUI IMKIT U YTHIH3AMKA U PelrKiIa (TOPCOACPIKAIINX Pad0IuX Tel
Ha MOAM(UIIMPOBAHHOM yIJIepoaHOM copOeHTe. Ha OCHOBaHHMHU HMPOBEACHHBIX HA JTAHHOM
CTCH/IC OIICHOYHBIX MCCIICOBAHUI CIPOCKTHPOBAHA M CO3[aHa J1aOOpaTOpHAs SKCIICPH-
MEHTaJIbHAs YCTAHOBKA JIJIs 00JIee TIyOOKOT0 MCCIICAOBAHMS IIUKIIOB COPOIMU-IeCOpOInu
Ha yriiepoaHoM copOente. [IpenBapurenbHO anpoOoupoBaHa paboTOCIOCOOHOCTH 110 peau-
3alMU [UKIOB copOums-mecopOius. B skcHepuMEHTaNbHOW yCTAaHOBKE MPEAyCMOTpPEHA
BO3MOKHOCTH 3aMCHBI COPOCHTOB U UCCIIEIyEMBIX ra30B (copOaToB), a Takke oTOOpa mpod
ra3a Jijisi MacC-CIIeKTPOMETPHH.

KaioueBsbie cinoBa: copOuusi, yroiabHbele COPOSHTHI, (PTOPYTIEpOAbl, SHEPTETHIECKUE UK~
JIBI, IECOpOIHs, pereHepanusi, peuKi, pabo4ne Tena, Macc-CIIEKTPOMETPHS, TETIIOHACOC-
HBIE YCTAaHOBKH

Paboma noooepocana epanmom PODPHU 19-08-00308
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Description of an Experimental Setup for the Study
of Sorption-Desorption Cycles of Fluorine-Containing
Working Substances

© | Ponurovskaya V.V. berenika973@mail.ru
Ejov E.V.
Mazurin [.M.

National Research University “Moscow Power Engineering Institute”, Moscow, 111250, Russia

At the previously created large-scale stand, a closed machineless gas-technological cycle
was implemented for the utilization and recycling of fluorine-containing working gases on
a modified carbon sorbent. Based on the evaluation studies conducted at this stand, a labor-
atory experimental setup was designed and created for a deeper study of sorption-
desorption cycles on a carbon sorbent. The working capacity for the implementation of
sorption-desorption cycles has been preliminarily tested. The experimental setup provides
for the possibility of replacing the sorbents and the studied gases (sorbates), as well as gas
sampling for mass spectrometry.

Keywords: sorption, carbon sorbents, fluorocarbons, energy cycles, desorption, regenera-
tion, recycling, working bodies, mass spectrometry, heat pump systems

The work was supported by RFBR grant 19-08-00308

MpakTuko-opneHTUpoBaHHOEe obyyeHue Ha kacenpe I3-4
MI'TY nm. H.3. BaymaHa no ctaHgaptam Worldskills

© | KasakoBa A.A. kazakova@bmstu.ru
JTaBpoB H.A.
Lnwos B.B.

MITY nm. H.3. BaymaHa, Mocksa, 105005, Poccus

Bropoii rox noapsin kadenpa 3-4 moaTBEepKAACT CBOM TUTYJ YEMITHOHA B MEXBY30BCKHX
copeBHoBanuaX WorldSkills mo mexxaynapomaoit komnereHmn Ne 38 «XooMuibHas TeX-
HHUKa M CHCTEMBI KOHIUIMoHupoBaHus». Ha kadenpe 9-4 na tepputopun HOLL «Kpuomno-
sy MI'TY nm. H.D. baymana opranmsoBaHa mutomaaka mo cragaapram WorldSkills, mos-
BOJISIFOIIAs IPOBOJUTH MPAKTUKO-OPHEHTHPOBAHHOE OO0YUYEHHE CTYACHTOB IO CTaHAapTaM
WorldSkills. TTo pe3sympTaTaM craHHOTO 3K3aMEHA BBHITYCKHHK TOyYaeT IMaclopT KOMIIe-
teuruii (skill passport). IlacmopT COAEPKUT Pa3HOCTOPOHHIOK OICHKY KBaJH(pHUKAIIMN
Ka)JI0TO BBIIYCKHHKA, [0 BOCTPEOOBaHHBIM B HACTOAIIEE BPEMs MPOMBIIUIEHHOCTHIO Ma-
pamerpam. Bee macnopra, cepTUHKaThl U YEMIIMOHATHBINA OIBIT KAXIOr0 CTYJEHTa HIIH
9KCIIEpTa 3aHOCATCSI B €IMHYI0 MHPOpPMaIMOHHYIO cucteMy eSIM, moctynm K KOTopol mo
3aIpocy MOXET IOJIyYUTh paboToaaTelsb.

KimroueBbie ciaoBa: WorldSkills, komnetenmnuu Ne 38, xoa0aunbHass TEXHUKA U CHCTEMBI
KOHIMIMOHNpoBaHus, kadenpa 3-4 MI'TY um. H.O. baymana
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Practice-oriented training at the PE-4 department
of BMSTU by WorldSkills standards

© | Kazakova A.A. kazakova@bmstu.ru
Lavrov N.A.
Shishov V.V.

BMSTU, Moscow, 105005, Russia

For the second year in a row, the PE4 department confirms its champion title in
WorldSkills inter-university competitions in international competence No. 38 “Refrigera-
tion equipment and air conditioning systems”. At the Department of PE4 in the REC “Cry-
ology” BMSTU organized a platform according to WorldSkills standards, which allows
conducting practice-oriented student training according to WorldSkills standards. Based on
the results of the exam passed, the graduate receives a skill passport. The passport contains
a comprehensive assessment of the qualifications of each graduate, according to the param-
eters currently demanded by the industry. All passports, certificates and championship ex-
perience of each student or expert are entered into the unified information system eSIM,
access to which upon request can be obtained by the employer.

Keywords: WorldSkills, competence No. 38, refrigeration equipment and air conditioning
systems, department PE-4 BMSTU

HuskoTemnepaTtypHblie cyonMMMaLUOHHbIEe XONOAUNbHUKN
Ha AMoKcuAae yrrnepoaa ¢ HU3KUM AaBneHueMm

© | MopyTunkos A.. porutchikov.artem@mail.ru
Tpy6buH A.11. dmitritrubin@yandex.ru

MockoBckuiA nonuTexHudecknin yHnsepcuteT, Mocksa, 107023, Poccus

IIpencraBiaeHbl Pe3yIbTaThl TECOPSTUICCKOTO U IKCICPUMEHTAIBHOTO aHajM3a BaKyyMHO-
CyONIMMAIIOHHON XOJIOAMIBHOM MAIIMHBI Ha OCHOBE JMOKCHIA yriiepoaa. Takumu X0Jo-
JIWIBHBIMU MallTHHAMU MOTYT OCHAIIAThCS XOJIOMWIBHUKHU JIUISL HYXKJ] MEIUIIMHBL, TJC IIH-
POKO BOCTpeOOBaHBI HU3KKE TEMIIepaTyphl B quamna3one ot munyc 80 °C go munyc 130 °C.
[IpobnemaTrka pa3pabOTKX aTbTEPHATUBHBIX XOJOIUILHBIX MAIIMH MPOJAUKTOBAHA COBpPE-
MEHHBIMH 3KOJIOTHYCCKUMHU TPEOOBAHUSIMH K Pab0OYUM BEIECCTBAM, KOTOPBIC MOCTECIICHHO
YKECTOYAIOTCS M CKOPO NMPUMEHEHHE MPUBBIYHBIX (DPECOHOB CTAaHET HEBO3MOXHBIM. JIJis
OTpaciy KOHIWIMOHUPOBAHUS H KOMMEPYECKOTO XOJOJOCHAOXKCHUST aKTHBHO pa3padaThi-
BaIOTCSI HOBBIE BEIECTBA, Takue Kak, ruapodTopoiedunsl (I'PO), 3ameHoM ruapohTOpyT-
JICPO/IaM M X CMECSIM MOTYT BBICTYIIATh TaKXKe YIJICBOAOPOIBI, HO HEOOXOIMMO YUHTHI-
BaTh, YTO OHH SBIIIOTCS TOPIOYMMH M B3PBIBOONACHBIMHM BEIIECTBAMH. BakyyMHO-
CcyOnMMaIOHHast yCTaHOBKA Ha THOKCH/E yIiIepoa MOXKET BBICTYIIUTh KaK ajJbTepHATHBA
COBPEMCHHBIM apOKOMITPECCHOHHBIM XOJIOAWIBHBIM YCTAaHOBKAM Ha ()peoHax s yKa-
3aHHOTO JWana3oHa TEMIIepaTyp, HO MPH YCIOBHH COMOCTABUMBIX HEPro3arpar MpHU ee
9KCIUTyaTalui. B cTatbe ObLIM PacCMOTPEHBI TPEXCTYICHUYATHI U YETHIPEXCTYIICHUATHIN
IUKJIBl BaKYYMHO-CYOJIMMAIIOHHON XOJOJMJIBHON MAIIIMHBI, MPOBEJICHO WX TCOPETHUYC-
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CKOE COITOCTaBIJICHUE T10 XOJIOAMILHOMY KO3(DOHUIMEHTY ¢ KacKaJHBIM IIUKJIOM Ha YTJIEBO-
JIOPOAHBIX pabounx BemecTBax. MOKHO OTMETHTH, YTO XOJOIWJIBHBEIE KOI(D(DUIIUCHTHI
paccMaTpUBacMbIX IIUKIIOB OJIM3KH, HO 3KOJIOTMYHOCTh, 0€30MaCHOCTh M HE TOPIOYCCTh
JMUOKCHIA yriiepoja AaeT MPEUMYIIECTBA BaKyyMHO-CYOJMMAIIMOHHOW XOJIOMUILHOW Ma-
HIUHE.

KuarwueBble cjioBa: JUOKCHJ YIJIEpOoaa, CyGHHMaHI/Iﬂ IIpHU HU3KOM JaBJICHHUHU, XOJIOAUJIbHAA
MalllruHa, HU3KOTEMIICPATYPHbIC MEAUITUHCKUE MOPO3WJIbHUKH, XJIaJar¢HThbI

Low Temperature Vacuum Sublimation Refrigerators
on Carbon Dioxide as Working Fluid

© | Porutchikov A.F. porutchikov.artem@mail.ru
Trubin D.P. dmitritrubin@yandex.ru

Moscow Polytechnic University, Moscow, 107023, Russia

The paper presents the results of theoretical and experimental analysis of a vacuum-freeze-
drying refrigeration machine based on carbon dioxide. Such refrigerators can be equipped
with refrigerators for the needs of medicine, where low temperatures are widely in demand
in the range from minus 80 degrees Celsius to minus 130 degrees Celsius. The problem of
developing alternative refrigeration machines is dictated by modern environmental re-
quirements for working substances, which are gradually being tightened and soon the use of
familiar freons will become impossible. For the air conditioning and commercial refrigera-
tion industry, new substances are being actively developed, such as hydrofluoroolefins
(HFOs), hydrocarbons can also serve as substitutes for hydrofluorocarbons and their mix-
tures, but it must be borne in mind that they are combustible and explosive. A carbon diox-
ide vacuum sublimation unit can act as an alternative to modern freon vapor compression
refrigeration units for the indicated temperature range, but subject to comparable energy
costs during its operation. The article examined the three-stage and four-stage cycles of a
vacuum-freeze-drying refrigeration machine, carried out their theoretical comparison in
terms of refrigeration coefficient with a cascade cycle on hydrocarbon working substances.
It can be noted that the refrigeration coefficients of the considered cycles are close, but the
environmental friendliness, safety and non-combustibility of carbon dioxide gives the ad-
vantages of a vacuum freeze-drying refrigeration machine.

Keywords: carbon dioxide, low pressure sublimation, refrigeration machine, low tempera-
ture medical freezers, refrigerants
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MaTtemaTuyeckoe MogenupoBaHue AMHAMUKN poCTa UHes
Ha NOBepPXHOCTU TpybuaTo-pedbpuctoro Bo3gyxooxnagurens

© | MapuHiok B.T." mospolytech@mospolytech.ru
Benykos C.B."
Kopones N.A."? mail@vnihi.ru

' MocKOBCKMit MONUTEXHUUECKNIA yHuBepcuteT, Mocksa, 107023, Poccus

2drBHY BHUXN — dunman «dHL nuwesbix cuctem um. B.M. Nop6aTtoea» PAH
Mocksa, 127422, Poccus

Paspaborana mMaremaTHueckass MOJIeJb JUIsl pacdeTa TEXHUYECKUX XapaKTEPUCTHK BO3LyXO-
oxJlaguTenel TpyOuaToro THMa C IUIACTHHYATHEIM OpeOpeHHeM, YUUTHIBAIONas TeMIeparyp-
HO-BJI&)KHOCTHBIE YCIIOBUSI, HEPaBHOMEPHBIM XapaKTep pOCTa TOJIIUHBI CIOS UHESA MO IIy-
OMHE TEIIOOOMEHHOTO 51/Ipa, PACXOAHO-HAIOPHBIE XapaKTEePHCTUKH BEHTHIIATOPOB U 30HY
HeperpeBa XoJOAWIBLHOTO areHra. Mozens Oblia Bepu(uIpoBaHa Ha OCHOBE ITPOBEACHHBIX
aBTOpPAaMH KCTIEPHMEHTAIBHBIX NCCIIE0BAHUI PabOThI BO3LYyX00XIQANUTEIS TIPH TEMIIEPATY-
pax Bo3ayxa ot muHyc 6 10 MuHyc 20 °C, a Tak)Ke ONBITHBIX JTaHHBIX HE3aBHCHUMBIX HCCIIe-
JoBareneid. [lorpenHocTh pacyeToB X0J0I0POU3BOAUTENBHOCTH M KO3(D(DUIIMEHTOB TeILIO-
nepeiauu 1Mo MpeACTaBICHHOW MOJIENH He mpeBbimmaeT 15 %. YCTaHOBIEHO, UYTO B «CYXUX»
yCIIOBHSIX pabOThl BO3JYXOOXJIQMUTEIS MOHIKEHHE TEMIIEPaTypbl KUIIEHHUS! XOJIOJHIBHOTO
arerra Ha 10 °C mpuBOAWT K yMeHbLIeHHIO Kod(dunmenTa remonepenadu Ha 35 % BBUILY
CHIDKEHHUSI MacCOBOM CKOPOCTH XOJIOAWJIBHOTO areHTa B 2 pasa 1 Kod(pHIHeHTa TeII00T/1a-
yn Ha 75 %. IIponiecc MHEEeBHINMAEHUS IPUBOIUT K POCTY TEPMUUECKOTO COIPOTHUBICHUS B
HCCIIEIOBAaHHOM Bo3yxooxuyagurene Ha 30 %, adpoauHaMHYecKOro CONPOTHBIECHHS Oolee
4yeM B 2 pasa, a TaK:Ke CHUYKEHHUIO XOJIOIONPOU3BOAUTENBHOCTH Ha 15 %.

KnaioueBsle cioBa: nHel, TpyO4yaTo-peOpHUCTHIN TEINIOOOMEHHUK, BO3TYyXOOXJIaIANUTENb,
UCTIAPUTETh, XOJIOJOIPON3BOIUTEIEHOCTD

A Mathematical Modelling of Frost Growth Dynamics
on a Surface of Fin-and-Tube Air Cooler

© | Marinyuk B.T.! mospolytech@mospolytech.ru
Belukov S.V."'
Korolev I.A."? mail@vnihi.ru

" Moscow Polytechnic University, Moscow, 107023, Russia

2 All-Russian Scientific Research Institute of Refrigeration Industry — Branch of V.M. Gorbatov
Research Center for Food Systems, RAS, Moscow, 127422, Russia

A mathematical model was developed to predict the performance characteristics of fin-and-
tube air coolers with plane fins, taking into account the temperature and humidity condi-
tions, non-uniform thickness of the frost layer along the heat exchanger core, flow-pressure
characteristics of the fans and the refrigerant superheat zone. The model was verified on the
experimental data of air cooler performance in frosting conditions obtained by the authors
in air temperature range from minus 6 to minus 20 °C, and experimental data from inde-
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pendent researchers. The presented model predicts the cooling capacity and the overall heat
transfer coefficient in the evaporator with error not exceeded 15 %. It was found that during
dry operating conditions of the air cooler, the refrigerant boiling temperature descent by
10 °C leads to a decrease in the overall heat transfer coefficient by 35 %. The main reason
of that is double decrease of the refrigerant mass velocity and the refrigerant-side heat
transfer coefficient by 75 %. The process of frost grow leads to an increase in overall ther-
mal resistance in the studied air cooler by 30 %, more than double increase in the aerody-
namic resistance and decrease in cooling capacity by 15 %.

Keywords: Frost, Fin-And-Tube Heat Exchanger, Air Cooler, Evaporator, Cooling Capacity

MoaenupoBaHue paboTbl YCTaHOBKU C paanaLMoOHHbLIM OXnaXxaeHnem
ANs noaaepXaHUsa TeMnepaTypbl XpaHeHUsi B XONOAUIbLHOM Kamepe

© | Yot AN teniz@bk.ru
paHoBckuit A.C.
Lloit A.A.2 ditsoy@gmail.com

! ANMaTUHCKWIN TEXHONOMYECKuit yHuBepcuteT, AnmaTtbl, AOSHOE2, KasaxctaH
2YHvusepcheT WUTMO, Cankr-MNeTtepbypr, 197101, Poccus

PaccMmoTpeHa BO3MOKHOCTE HCITONB30BAHUS PATUANIMOHHOTO OXJIAXKICHUS JUIS MOACpIKa-
HUS TEMIIEpaTypsl B KaMepe XpaHCHUS MUIIEBBIX MPOIYKTOB B XOJOTHBIN MEPHO rojia B
roponax Ammarsl u Kocranait (KazaxcraH) B yCIOBHAX Pe3KO-KOHTHHEHTAIBHOTO KIIMMATA.
[Tpon3BeaeHO KOMITBIOTEPHOE MOJICIIMPOBAHIE IIUKIA PAOOTHl YCTAHOBKU B TEUCHHE IICCTH
MecsIeB. B paccMaTpuBaeMoil YCTaHOBKE OCYIICCTBIIICTCS HACOCHAS ITUPKYIALUS TETIO-
HOCHTEIIS, OXJIAXKIAeMOT0 B HOYHOE BpEMs B paanaTopax. PaauaTopsl YCTAaHOBKU MOKPHI-
BAIOT BCIO KPBIITY XONOMMIbHOM Kamepbl (12 M?). KOMIBIOTEpHOE MOIEIHPOBAHHE MOKA-
3pIBAET, 4TO Tpebyemas Temmeparypa B kKamepe (0...+3 °C) moamep:kuBaeTcs B AIMaThl
8,5 %, a B Kocranae 28,2 % oT 001eil Ipoa0LKUTENBHOCTH roga. DHEPromnoTpedacHme
cocraBmiio 682,9 kBr-u B Anmatel u 601,3 kBt-u B Kocranae. Cpequuil X010 uIbHbII
KOX(PUIMEHT YCTaHOBKU cocTaBuia 3,43 B Anmarel u 4,63 B Kocranae. Xots mpesiarae-
Masi yCTAaHOBKA C PaJIMAIlMOHHBIM OXJIAXKJCHAEM Pa0OTOCIIOCOOHA, B IpE/iIaracMoM CIICHA-
pUH ee TIpaKTHIECKOe MPUMEHEHUE HE IeTIECO00Pa3HO.

KiaoueBbie ciioBa: paaualiiuoOHHOC OXJIAXKICHUC, 3(1)(1)€KTI/IBHO€ H3JIYy4YCHHUEC, CCTCCTBCHHOC
OXJIAXACHHUEC
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Modeling of the Operation of a Refrigeration Unit
with Radiation Cooling to Maintain the Storage Temperature
in the Cold Room

© | Tsoy AP. teniz@bk.ru
Granovskiy A.S."
Tsoy D.A* ditsoy@gmail.com

' Aimaty Technological University, Almaty, AOSHOE2, Kazakhstan
2ITMO University, St. Petersburg, 197101, Russia

The possibility of using radiation cooling to maintain the temperature in the food storage
chamber during the cold season in the cities of Almaty and Kostanay (Kazakhstan) in a
sharply continental climate was studied. Computer simulation of the unit operation cycle
for six months was performed. In this unit, the coolant is pumped through the radiators.
Radiators cover the entire roof of the cold room (12 m?). Computer simulation shows that
the required temperature in the chamber (0...+3 °C) is observed in Almaty 8.5 %, and in
Kostanay 28.2 % of the total length of the year. Energy consumption was 682.9 kWh in
Almaty and 601.3 kWh in Kostanay. The average coefficient of performance of the unit
was 3.43 in Almaty and 4.63 in Kostanay. Although the studied unit with radiation cooling
is operational, in the proposed scenario its practical application is not advisable.

Keywords: radiative cooling, effective radiation, natural cooling

UccnepoBaHue TennoHacoOCHOro AMCTUNNATOpa
Ha H-neHTaHe B KayecTBe paboyero BewecTsa

© | UnbuH A gennady.ilyn@gmail.com
Manadees .. malafeev.ilya@gmail.com
CanoxHukos B.b. sapojnikov47@mail.ru

MockoBckuin nonmMTexHudeckuin yHnsepcuteT, Mocksa, 107023, Poccus

OpHuM 13 Haubosee pacrpoOCTPAHEHHBIX U HaJIeKHBIX METOJIOB BOJIOTIOJITOTOBKH SIBIISICTCS
METOJ TePMHYECKOH aucTHUuuu. HecMOTpst Ha HaJeKHOCTh METOJa, ero NMpUMEHEHHEe
C/ICPXKMBAET BBICOKAsl 3HEproeMkocts. Hanbosee 3pekTUBHBIM CIOCOOOM YMEHBILICHHUS
3aTpar Ha BRIPAOOTKY AMCTHIUIATA SBISETCS MPUMEHEHHE TepMOTpaHc(hopMaTopoB, obec-
MIEYUBAIOLINX PEKYIEpallio U PEereHepalnio Teria (a3oBbIX MPEBPALICHUH pa3enseMoi
xuakoctH. Ilpumenenne pabounx BemiecTB ¢ HanOosee ONaronpHATHBIMA TEPMOAWHAMU-
YECKMMH CBOMCTBAMH HMEET TMEPBOCTCIICHHOC 3HAYCHUC JIA CO3AaHUA BBICOKOS(I)(I)GKTI/IB-
HBIX TepMoTpaHchopMaTopoB. PaccMoTpeHs! paboune BemecTBa Uil BEICOKOTEMIIEpaTyp-
HbIX TCIUIOBBIX HACOCOB W IPEACTABJICHBI PE3YJIbTATHI PACYCTHO-OKCIICPUMEHTAIBHOTO
WCCIIEJOBAHMSI BBICOKOTEMIIEPATypHOTO MapOKOMITPECCHOHHOTO TEIJIOHACOCHOTO IMCTHII-
JSATOpa HA MPUPOIHOM paboueM BemecTBe H-nenran.

KuitoueBble ci10Ba: BHICOKOTEMIIEPATYpPHBIH TEIJIOBOM HACOC, TEIUIOHACOCHBIM JUCTHILIS-
TOp, AUCTUJUIALINSA, BOJIa MHBEKIIMOHHOTO KauecTBa, H-TeHTaH, TePMETHYHBIA XOJIOIUIb-
HBIM KoMIIpeccop
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Calculated and Experimental Evaluation Heat Pump Distiller
on Pentane as Working Substance

© | llyn G.A. gennady.ilyn@gmail.com
Malafeev I.I. malafeev.ilya@gmail.com
Sapojnikov V.B. sapojnikov47@mail.ru

Moscow Polytechnic University, Moscow, 107023, Russia

One of the most common and reliable methods of water treatment is the method of thermal
distillation. Despite the reliability of the method, its application is constrained by high en-
ergy intensity. The most effective way to reduce the cost of production of distillate is the
use of thermal transformers, providing regenerate and heat recovery phase transformations
of the distillate. The use of working fluid with the most favorable thermodynamic proper-
ties is of paramount importance for the creation of high efficiency thermotransformers.

Keywords: high-temperature heat pump, heat pump distiller, distillation, water of injection
quality, n-pentane, hermetic refrigeration compressor

OnTuMmM3auma rpaHynsaTopa cyxoro nbaa
C 3HepreTM4YeCcKomn peKynepawumen cxartoro razood6pasHoro CO,

© | CmopoguH AW,
'vmapees AW. info@irbistech.com
Gimadeev.artur@gmail.com

" MITY um. H.3. Baymana, Mockea, 105005, Poccus
2000 «MpBuc TexHonorumy», Mockea, 143026, Poccus

WureprionupoBanbl GyHKIMU IUIOTHOCTH Ta3000pa3Horo CO, Ha JIMHUU HACBINICHUS «ra3-
TBEpIOC BemiecTBO» U ko3 duimenta koupepramnuu xujakoro CO, B TBepayo a3y u3 ye-
ThIpEX HAYYHBIX 3apyOEKHBIX U POCCUHCKUX MCTOUYHUKOB. OMHCAHBI MapaMEeTPhl ONTUMH-
3al[MM U X OrpaHuyYeHHs. BrIBeieHbI YHKIIMU M TOCTPOEHBI Ipa(uKu 1naMeTpa IMopIiIHe-
BOTO JIeTaHJIepa, BXOAIIETO B COCTaB I'PaHyJIATOpPa CyXOTO JIba, U IaBJICHUS IPECCOBAHUS
CYXOTO JIbJ]a B 3aBUCHMOCTH OT JIaBJICHHs cxkatoro razooodpasznoro CO,, paBieHHUs UCTOY-
Huka xuakoro CO, M MIOTHOCTH YITAKOBKH CYXOTO JIbJa IPH JpoccearpoBannu. [loase-
JICHbI UTOTH BHIOOpa ONTHMAJIBHOTO JHAMETpa MOPIIHEBOTO JIETaHAEpa Ui TpaHyJsITopa
CYXOTO JIbJa.

KiiroueBble ci1oBa: rpaHyIMpOBaHUE, TUOKCUA YIIEpoaa, CyXOH Jiel,, MOPIIHEBON AeTaH-
Aacp
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Optimization of a Compressed Gaseous CO; Energy
Recovery Dry Ice Pelletizer

© | Smorodin A.l.
Gimadeev ALl info@irbistech.com
Gimadeev.artur@gmail.com

"BMSTU, Moscow, 105005, Russia
2|RBISTECH LLC, Moscow, 143026, Russia

The disadvantages of the existing dry ice electromechanical pelletizers have been revealed.
A schematic flow diagram of the new dry ice energy recovery pelletizer and a carbon diox-
ide TS diagram with the processes of the new pelletizer have been presented. The functions
of the diameter of the piston expander of the new dry ice pelletizer and dry ice pressing
pressure depending on the pressure of compressed gaseous CO2 have been derived. The
optimal diameters of a piston expander for the dry ice pelletizer have been determined.

Keywords: granulating, carbon dioxide, dry ice, piston expander, recovery

TennoBon Hacoc, paboTarowmin N0 «kaBTOKaCKagHOMYy»
XONOAUNBLHOMY LUKNY

© | lapaHos C.A. garanov-sergey@yandex.ru
3yes O.A. olegzue@mail.ru
CyxoB A.C. suhovlex2008@yandex.ru
VMBaHoBa E.B. iv.katerina.v@yandex.ru

MITY nm. H.3. BaymaHa, Mocksa, 105005, Poccus

Temo# cTaThy SIBJIAIOTCS pacyeT M ONTHMH3AIMS TEIJIOBOTO HAacoca, pabOOTAOIIEIITO 110
«aBTOKACKaJHOMY» XOJOIWIBHOMY IMKJIY Ha CMECEBOM XOJOJMJIBHOM areHte. AHalu3u-
pyrOTCs poOIeMbl MPUMEHEHHS TEIIOBOIO HACOCA HA CMECEBBIX 3COTPOITHBIX XOJIOIMIIb-
HBIX areHTaxX W MpoOJIeMbl BEIOOpA COCTaBa XOJOMWILHOTO areHTa. MiTorom paboThI sIBIIs-
€TCsI BRIOPaHHBIA CMECEBOM XOIOAMIBHBIN areHT W OIITUMHU3AIIHS €r0 COCTABA.

KaroueBble c1oBa: TEIIOBOI Hacoc, 3€OTPOHHI>II71 XOJ'IO,Z[I/IJ'ILHHﬁ arcHr, 6I/IHapHaH CMECH
XOJOAUIBHBIX ar€HTOB
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Heat Pump Operating on the Auto-Cascade Refrigerating Cycle

© | Garanov S.A. garanov-sergey@yandex.ru
Zuev O.A. olegzue@mail.ru
Suhov A.S. suhovlex2008@yandex.ru
Ivanova E.V. iv.katerina.v@yandex.ru

BMSTU, Moscow, 105005, Russia

The subject of the article is the calculation and optimization of the heat pump, operating on
“autocascade” refrigeration cycle on the mixture refrigerant. The problems of using a heat
pump on mixed zeotropic refrigerants and the problems of selecting the refrigerant compo-
sition are analyzed. The result of the work is the selected mixed refrigerant and optimiza-
tion of its composition.

Keywords: heat pump, zeotropic refrigerant, binary mixture of refrigerants

CpaBHUTENbHbIA aHanNU3 ypaBHeHUN COCTOSIHUSA ANA pacyeTa
TepMOAMHAMMYECKNX CBOMCTB NapOXMUOKOCTHOMN
MHOrOKOMMNOHEHTHOW cMecu XxnagareHToB — pabouero Tena
ApoccenibHOW HU3KOTeMNepaTypHON XoNnoAuNbHOW MallUHbI

© | Bblukos E.I". BychkovEG@kyrs.ru

LIHWWN «Kypcy», Mockea, 105187, Poccus

[Tpu npoBeeHNH TEOPETUUECKUX HCCIESIOBAHUN JPOCCENBbHBIX HHU3KOTEMIIEPATYPHBIX XO-
JIOAWJIBbHBIX MAIlIMH 3aMKHYTOI'O IHKJIa Ha MHOTOKOMIIOHCHTHBIX CMECAX XJIaJarcHTOB,
06eCHqu/IBaIOH_[I/IX SaHaHHBIﬁ PEXKUM KPUOCTATUPOBAHHUA OXJIAXKIACMbIX 06’BCKTOB B auaria-
30He Temreparyp ot Mmunyc 90 10 munyc 160 °C, Tpebyercs IpOBEeICHHE PacueTOB TEPMO-
JMUHAMUYCCKUX CBOWCTB (POPMHpPYEMBIX PabOYUX Tel, OCHOBAHHBIX HA HCIIOJE30BAHHUU
CYIIECTBYIOIIUX YPAaBHCHUH COCTOSHHS. B cTaThe MPOBENCHO CPaBHCHUE YPaBHEHHMA CO-
CTOSIHUS, IPUMCHSIEMBIX JUIS pacuyeTa TePMOJUHAMUYCCKAX CBOWCTB MHOTOKOMIIOHCHTHBIX
cMmeceid xmagareaToB. OnpeaeneHbl KOIMIeCTBEHHBIC H KAYSCTBCHHBIC PAa3IINIUs PE3YiIbTa-
TOB pacueTOB B O0JIACTH HU3KHUX TEMIICPATYp.

KnaioueBble cii0Ba: HU3KOTEMIIEpaTypHbIE XOJIOJMIbHBIE MAIIMHBI, CMECH XJIaJIareHTOB,
TEPMOJMHAMHIECKNE CBOWCTBA, YPaBHEHUE COCTOSHHUS
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The Comparative Analysis of the State Equations
of the Multi-Component Coolant Blend — Working Fluid
f the Throttle Low Temperature Cooling Machine

© | Bychkov E.G. BychkovEG@kyrs.ru

Central research Institute "Course", Moscow, 105187, Russia

The computation methods of the thermodynamic properties are used for theoretical studies
of the throttle low temperature cooling machines multi-component coolant blends, provid-
ing cryostatting modes for cooled objects in the temperature range of minus 90 ... minus
160 °C. The article presents the comparative analysis of the state equations for calculating
thermodynamic properties of multi-component coolant blends. Quantitative and qualitative
differences in the results of calculations in the low-temperature region are determined.

Keywords: low temperature cooling machine, coolant blends, thermodynamic properties,
equation of state

UccnepoBaHue npoueccoB pereHepauum agcopbeHTa Tennom
KOMMPUMMPOBaHUS B aACOpP6LMOHHOM ocyLuMTerne cxaToro Bosayxa

© | Kosnos B.B." vladimir.kozlov@bmstu.ru
MuckyH E.C.2 piskun@bmstu.ru
Vnbuyesa O.C.2 olga.ilicheva5@yandex.ru

000 «3OHekoH-UHxuHMpUHT», Mocksa, 105005, Poccus
ZMITY um. H. 3. Baymana, Mocksa, 105005, Poccust

[TpencTaBneHsl pe3yabTaThl YUCICHHOTO MOJIEIMPOBAHUS POLIECCOB OCYLICHHS U PereHe-
pauuu ajcopOeHTa TEIIOM KOMIIPUMHUPOBaHHS Ha PUMEPE CXeMbl aJICOPOIIMOHHOTO OCY-
IIEHUS ¢ pa3/ielIeHHeM II0TOKa BO3JyXa Ha dTale OxJaxIeHHu ancopbenta. IIposenena
OlICHKA JMHAMUKHU NapaMeTPOB TEMIIEPATYPhI U BIAXKHOCTH B IIpEeiIaX TEXHOJIOIMYECKUX
KOJIOHH Ha BCEX TpeX dTallax LMKIA aacopOuuu U pereHepanuu. IlokazaHo, 4To paccMoT-
peHHasi cxema aJCcOpPOIMOHHOTO OCYIICHHMS MO3BOJIIET 00ECIEYUTh AOCTATOYHO CTaOWIIb-
HOE Cpe/iHee 3HaYeHHE TOYKH POCHI OCYIIAaeMOr0 CXKAaTOTO BO3/yXa 0e3 IMoTeph Ha MPOIyB-
Ky azicopOeHTa.

KiioueBble clioBa: KOMIIPeCCOp, aJCOPOLUOHHBIN OCYIIUTENb, PereHepalus, YUCICHHOS
MOJICITPOBAHIE MIPOIIECCOB aICOPOIIH, AeCOPOLINH, OXITAKICHUSI
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Investigation of the Processes of Adsorbent Regeneration
by Compression Heat in an Adsorption Dryer of Compressed Air

© | Kozlov V.V.! vladimir.kozlov@bmstu.ru
Piskun E.S.? piskun@bmstu.ru
llicheva O.S.” olga.ilicheva5@yandex.ru

'Ltd “Enecon-Ingeneering”, Moscow, 105005, Russia
2BMSTU, Moscow, 105005, Russia

The results of numerical modeling of the processes of drying and regeneration of the adsor-
bent by heat of compression are presented on the example of the scheme of adsorption dry-
ing with the separation of the air flow on the stage of the cooling of the adsorbent. The dy-
namics of temperature and humidity parameters within the technological columns at all
three stages of the adsorption and regeneration cycle was evaluated. It is shown that the
considered scheme of adsorption drying allows to provide rather stable average dew point
of the dried compressed air without losses on the adsorbent purging.

Keywords: compressor, adsorption desiccant, regeneration, numerical simulation of ad-
sorption, desorption, cooling processes

MoagenupoBaHue n aHann3 PpOTOPHO-NTIONACTHOM ra3oBomn
XONoAUNbLHOM MalMHbI AN NPOUM3BOACTBA Xonoaa
B Anana3oHe yMepeHHbIX Temnepatyp 173...273 K

© | Tpangadwunos B.B. vlad.trandafilov@gmail.com
XmenbHiok M.T".

Opecckasi HaumoHanbHasi akagemus nueBbix TexHonorun, Ogecca, 65039, YkpauHa

I'azoBbie xonoamnbHble MamuHbl (I'’XM), paboTatomue no nukiry CTHpIMHTA, CITyKatT JUIs
OXJIQXKJICHUS Pa3IMYHbIX 00BEKTOB Ha ypoBHe Temneparyp oT 4 no 90 K. B nacrosimee
BpeMs olmrymiaercst nmorpednocts B 'XM 11t mpou3BoACTBa X0J04a IPH TeMIIEpaTypax
170...200 K. Llensro HacTosmeH paboThl siBisiercst coBepuieHcTBoBanne ' XM Crupiunra
IpeJHa3HAYEHHOM Ul MPOU3BOACTBA X0JI0/a B IMANa30HE YMEPEHHBIX TeMmepaTyp oT 173
mo 273 K 3a cder CTpyKTypHOW oONTUMH3amMU. s MOCTMXKEHHS ITOCTAaBICHHOM Ienn
MpeAToKeHa NPHHIUINAILHO HOBAash POTOPHO-JIONACTHAs KOHCTPYKIMS Ta30BOH XOJIO-
IUIBHOW MamuHEL. Pa3paboTaHa W TpeAcTaBiIeHA MOJENb POTOPHO-JIOMACTHOW Ta30BOU
xonoaunbHON MammuHbl (PJINXM) ¢ ucnonp30BaHMEM KOMIIBIOTEPHOTO MOAETHPOBAHUS.
Pa3paborana maremarndeckass mMojenb pabouero mpormecca B PJITXM. Pacxoxnenust B
MOJYYEHHBIX pe3yJibTaTax TeOPETUUECKHUX W KOMITBIOTEPHBIX JaHHBIX He Oosee 5 %, 4To
CBUJICTENBCTBYET HE TOJIBKO O KAaUECTBEHHON CXOJUMOCTh JaHHBIX, HO U O KOJHUYECTBEH-
HoM. IIpoBeneHO HccieoBaHNE BIMSHUS PEXKUMHBIX M KOHCTPYKTHBHBIX IapaMeTpoB Ha
xapaktepuctuku PJIIXM B nuana3oHe yMepeHHBIX TeMmeparyp oxyaxjaeHus. IlokaszaHo,
YTO NpPU OJIMHAKOBOH XoJjojomnpon3BoauTensHocTH 12 kBT, addexrnBHOCTS PJITXM 1o
cpaBHeHUIO ¢ nopuiHeBbIMA ' XM CrupiuHra, cepuifHO BhIITycKaroTcs Bbiie Ha 15 %. Ilo
MaccoBbIMH Xapaktepuctukamu PJII'XM wmenbme B 2,5 pa3a. BeITOTHEHHBINH aHATN3 TIPO-
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reccoB padotel PJINXM mpu BCIONB30BaHUN PA3MUIHBIX Pa0OYHMX Ten (Tenuii, a30T, Me-
TaH) MoKa3aJi, yTo nmpu 3amene renust B PJIIXM a30ToM X010101pOHN3BOAUTENFHOCTE CTaNla
Menbie Ha 30 %, a MakcuMalbHOE 3HAaUYeHHEe € — Ha 6 % MeHsbIe, yeM s renus. lpu
UCIIOJIb30BaHMK METaHa XOJIOJOIPOU3BOUTEILHOCTh CHU3MIACh Oosiee 4eM Ha 9 % mo
CpaBHEHHIO C renueM. BrimonHeHa oneHka sxu3HeHHoro nukia PJIIXM. Ilpoananusupo-
BaHO BIIMSIHHE Ha OKPYXKAIOLIYIO Cpedy. Brlio ompeneneHo, 4To MpOU3BOJCTBO MOHTaX U
JKcIUTyaTanus, a Takke yruinsanus PJIIXM nanocut Ha 37% MeHblle Bpena OKpyxKaro-
uieit cpeae no cpaBHeHuto ¢ ' XM Crupnunra SPC-1.

KuroueBble cjioBa: ra3oBasi XoJaoauibHast MamHa CTUpIHMHTA, POTOPHO-JIONACTHAS Ta30-
Basl XOJIOIMIIbHAS MallliHA, MAcCOrabapUTHRIC XapaKTePUCTHKH, MaTeMaTndecKast MOJICIb,
JKU3HEHHBIN ITUKII

Process Simulation and Analysis of a Rotary-Vane
Gas Refrigerating Machine for Cold Production
in the Medium Temperatures Level 173...273 K

© | Trandafilov V.V. vlad.trandafilov@gmail.com
Khmelniuk M.G.

Odessa National Academy of Food Technologies, Odessa, 65039, Ukraine

Stirling Gas Refrigeration machines (SRM) are very versatile for industrial cooling applica-
tions in temperature range from 4 K to 90 K. Nowadays a significant lack of cooling ca-
pacity is experienced in medium temperature range. The article is devoted to the SRM for
cold production in the medium temperature range (173 to 273 K). To achieve this goal
structural optimization of the SRM system is performed and a fundamentally new rotary-
vane design of a gas refrigerating machine is proposed. The process model simulation
(PMS) of rotary-vane gas refrigerating machine (RVGRM) is developed and presented. The
measurement’s uncertainty from the theoretical and computer PMS is not more than 5 %,
which indicates not only the qualitative data convergence, but also the quantitative. The
study of the structural and regime parameters which influences on the RVGRM characteris-
tics in the range of moderate cooling temperatures is carried out. At the fixed cooling ca-
pacity (12 kW), the RVGRM efficiency is by 15 % higher than piston SRM. Estimated
mass and dimension paramaters are by 2.5 times improved. The RVGRM processes analy-
sis for the helium, nitrogen, and methane was carried out. Replacing helium with nitrogen,
both cooling capacity and Carnot efficiency (g) are decreased by 30 % and by 6 % respec-
tively. Using methane as the refrigerant in RVGRM, provides decrease in cooling capacity
by more than 9 % compared to helium. An estimation of RVGRM life cycle is carried out.
The system environmental impact is analyzed and reduced by 37 % compared to the SRM
“SPC-1”.

Keywords: Stirling refrigerating machine, rotary-vane gas refrigerating machine, mass-
dimensional characteristics, mathematical model, life cycle
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dkcnepuMeHTanbHOe UccrnegoBaHue TepMocTabunusaropa rpyHTa
nNpu U3MEHEeHUU MeTeoyCnoBui

© | EBnokvmos B.C. omgtu_evdokimov@mail.ru

OMCKUiA rocyaapCTBEHHbIN TEXHUYECKUI yHMBepcuTeT, Omck, 644050, Poccus

OOBEKTOM HCCIIEAOBAHUS ABISIOTCA (D (HEKTUBHOCTH pabOThI TEPMOCBAN U TEPMOCTAOUIIH-
3aTopoB rpyHTa. L{enb paboTel — onpesenieHre 3aBUCUMOCTH TEMIIEPATyPHOTO MOJIS B 30HE
3aMOpaXWBaHHUS TPYHTOB OT TEMIIEPATyPhl HAPY)KHOTO BO31yXa, BETPOBOIO MOTOKA, BO3-
JICHCTBYIOIIEr0 Ha OpeOpeHre TepMOCTAOMIIM3aTopa, a Takke OIeHKa 3(h(HEeKTUBHOCTH
TepMOCTa0MIIN3aTOPa TPYHTA OT MOKa3aTeliel paboTOCIIOCOOHOCTH TepMOCTa0MIH3aTOpa U
CBOMCTB IpyHTa. B mporiecce paboThl MPOBOJIMINCH CTEHIOBBIC MUCIIBITAHUS, HH)KEHEPHBIS
1 YHMCJICHHBIC pacueThl TEPMOCTAOMIM3aTOpa IPYHTa 0€3 MOBPEKACHUS U C IOBPCIKICHUEM
KOHJ/ICHCATOPHOM 4acTH, TEPMOCTAOMIIN3aTOpa TPYHTA B THIIB3€ C 3allOJIHCHHEM He3aMep-
3arorniei xuaxkocThio Ha 50 u 100 %, TepMocBau. B pe3ynbrate ucciemoBaHus ObUTH TTOTY-
YeHBI 3aBUCUMOCTH 3(P(PEKTUBHOCTH PabOTHI TEPMOCBAM M TEPMOCTAOMIN3aTOPOB I'PyHTa
OT CKOPOCTH 00JyBa KOHIEHCATOPHOM YaCTH, TEMIEPATyphl BO3AyXa B KIMMAaTHYECKOM
KaMmepe U TeMITEPaTyphl BO3ayXa B HIKHEH kamepe. [TomyueHHble pe3yabTaThl MOTYT OBITh
MCIIOJIB30BAHBI JUIs pa3pabOTKH METOJIOB KOHTPOJISI pabOTOCIIOCOOHOCTH U OLIEHKHU 3 dek-
THBHOCTH TE€PMOCTAOMIN3aTOpa TPYHTA B YACTH ONPEICICHUS JTOCTATOYHOCTU MPUHATHIX
MPOEKTHBIX TEXHHUUYECKUX PEIICHHH I TEPMOCTAOMIN3alUU TPYHTA OT (HDaKTHUECKUX I0-
kazareneld 3QPEeKTHBHOCTH TepMOCTaOMIM3aTopa TPYHTa M TPyHTa CBOHCTBA HAa MECTE
YCTaHOBKH.

KaroueBble ciioBa: TEPMaAJIbHBIC CBau, TepMOCTa6I/IJ'II/IBaTOp, 30Ha NpoMeEp3aHus MMOUBbI

An Experimental Research of Soil Thermal Stabilizer
under Changing Weather Conditions

© | Evdokimov E.S. omgtu_evdokimov@mail.ru

Omsk State Technical University, Omsk, 644050, Russia

The object of the study is the efficiency of thermal piles and thermal stabilizers of the soil.
The purpose of the research is to determine the dependence of the temperature field in the
soil freezing zone on the temperature of the outside air, the wind flow acting on the fins of
the thermostabilizer, as well as assessing the effectiveness of the thermostabilizer on the
performance indicators of the thermostabilizer and soil properties. In the process, bench
tests were carried out, engineering and numerical calculations of the soil thermal stabilizer
without damage and with damage to the condenser part, the soil thermal stabilizer in the
sleeve filled with non-freezing liquid, and thermal piles. As a result of the research, the
dependences of the efficiency of thermal piles and soil thermal stabilizers on the speed of
blowing the condenser part, the air temperature in the climate chamber and the air tempera-
ture in the lower chamber were obtained. The results can be used to develop methods for
monitoring the health and evaluating the effectiveness of the soil thermal stabilizer in terms
of determining the sufficiency of the adopted design technical solutions for soil thermal
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stabilization from the actual performance indicators of the soil thermal stabilizer and soil
properties at the installation site.

Keywords: thermal piles, thermal stabilizer, soil freezing zone

CpaBHUTenbHas oueHKa 3(p(heKTUBHOCTMU CYLLEeCTBYHOLLMNX
CUCTEM OXNaXAeHUs NPOMEXYTOYHOro XxfnagoHocuTens
aMMMaYHbIX XONOAUNbHbIX YCTAaHOBOK

© | ®oT AH. hein@list.ru
Anctos W.IM.
Cyntanmyparos P.b.

OMCKUiA rocyaapCTBEHHbIN TEXHUYECKUI yHuBepcuTeT, Omck, 644050, Poccus

ITouck crmocoOoB moBbImeHUsS 3()(HEKTUBHOCTH XOJIOAMIBHBIX YCTAHOBOK OOYCJIOBICHO
POCTOM CTOMMOCTH 3HEPrOPECYPCOB M Y)KECTOUCHHEM 3KOJOTMYCCKHX HOpM. BomsHoe
OXJIAXK/ICHUEC KOHJCHCATOPOB IMMO3BOJIICT CHU3UTH MOTPCOJICHUE 3JICKTPOIHEPTHU, OIHAKO
MPUBOJUT K YIOPOKAHHUIO CTUHMIIBI XO0JI0Ja M3-32 BBICOKOH CTOMMOCTH BOJBI M TPeOOBa-
HUI SKOJIOTHYECKUX HOPM. [Ipu BO3IYITHOM OXJIQKJCHHH BO3MOXKHO HCITONB30BATH €CTE-
CTBCHHBIN XOJIO]T BO3AyXa, OJJHAKO B JICTHUU MIEPUO]T JaBIICHUE KOHACHCAIINH 3HAYNTEIHHO
BBIIIIE 110 CPABHEHHUIO C BOJSHBIM OXJIAXKJCHHUEM (yBEIMYCHUE MOIIHOCTH MPHBOJA KOM-
mpeccopa 10 67 %). OxnaxaeHHe TPOMEKYTOUYHOTO XJIAJOHOCHTEIS HETOCPEJICTBEHHO
aTMoc(epHBIM BO3yXOM B XOJIOIHBIN MEPUO]] rOJa MO3BOJSIET CHU)KATh HArpy3Ky Ha UC-
MapUTEIIb XOJOAUIBHON MAIIMHBI 10 MEPE CHIYKEHHUS TEMIIEPATyphl BO3AyXa 10 IMOJHOIO
OTKJIFOUYCHHUS XOJOIMIBHON ycTaHOBKH. Hanbosee panroHaabHas cxema OXJIaKICHHS MPO-
MEKYTOYHOTO XJIaIOHOCHTEIIS OIPEACICHa TEXHUKO-9KOHOMHUCCKUM aHAIM30M IIPH U3Me-
HSIONIMXCSI TEMIIEpaTypax OXJIAXJAIONIero Bo3ayxa. B paboTe mpuBeneHBI Pe3yJIbTaThI
OIICHKH OCHOBHBIX XapaKTEPHCTHK XOJIOJMIBHBIX YCTaHOBOK. [loka3aHo, 4TO cXeMa XOJ0-
JIWIBHOW YCTAaHOBKHM ¢ KOMOMHHPOBAHHBIM OXJIAXK/ICHHEM KOHJICHCATOPOB UMEET TOJ0BBIC
3aTpaThl Ha BBIPaOOTKY Xojoxa Ha 13 % MeHbIIe, 4eM B CXEME C HEIMOCPEACTBCHHBIM
OXJTAXKICHUEM XJIaJOHOCHTEINS U Ha 47 % MCHBIIE, YeM B CXEMe C BOJSHBIM OXJIKICHUEM
KOHJICHCATOPOB.

KaroueBble cjioBa: KOMOMHMPOBAHHOE OXJIAXICHHE; XOJOIWIBHAS MAaIlWHA, YHEProdd-
(heKTHBHOCTH, HETIOCPEACTBEHHOE OXJIAXKICHHE, TPOMEKYTOUHBIH XJIa[OHOCUTENh
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Comparative Assessment of the Existing Cooling Systems Efficiency
for the Intermediate Coolant of Ammonia Refrigerators

© | Fot AN. hein@list.ru
Aistov |.P.
Sultanmuratov R.B.

Omsk State Technical University, Omsk, 644050, Russia

The search for ways to improve refrigeration plants efficiency is due to the increase in the
cost of energy resources and the tightening of environmental regulations. Water cooling of
capacitors reduces power consumption, but increases the cost of a cold unit due to the high
cost of water and the requirements of environmental regulations. In air cooling, it is possi-
ble to use natural air cold, but in summer the condensation pressure is significantly higher
than in water cooling (increasing the compressor drive power to 67 %). Cooling the inter-
mediate coolant directly with atmospheric air during the cold season reduces the load on the
evaporator of the refrigeration machine as the air temperature decreases until the refrigera-
tion plant is completely shut down. The most rational cooling scheme of the intermediate
coolant is determined by technical and economic analysis at varying temperatures of the
cooling air. The results of the assessment of the main refrigeration units characteristics are
given in the work. It is shown that the circuit of the cooling unit with combined cooling of
condensers has annual costs for cold production by 13 % less than in the circuit with direct
cooling of the coolant and by 47 % less than in the circuit with water cooling of the con-
densers.

Keywords: composite cooling; refrigerator, energy efficiency, direct expansion refrigera-
tion, intermediate coolant

TeopeTuyeckn aHanms achPeKTUBHOCTU NPUMEHEHUSA
XOnoAuIbHbIX areHTOB B CUCTeMe peKyrnepauum TennoBbIX NoTepb
OAHOCTYMEeH4YaToOro KoOMNpeccopa BbICOKOro AaBneHus

© | YepHoB I'.U.
Bycapos C.C. bssi1980@mail.ru
tOwa B.J1.
Kanentoxosckas A.A.
[ankoBa A.A.

OMCKuUin rocygapCTBEHHbIN TeXHUYeckun yHuBepcuteT, Omck, 644050, Poccus

B HacTosiiiee BpeMsl MOPIIHEBbIE U MEMOpaHHBIE KOMIIPECCOPHBIC arperaTsl B 00JIACTH
cpeanero u Beicokoro jasienud (3,0....10,0 MIla u 6ojiee) 1 Majioi MPOU3BOAUTEILHOCTH
(0,001...0,03 M3/C) COXPaHSIOT CBOIO KOHKYPEHTOCIOCOOHOCTh. YIIYUIIICHHE MX TEXHHYE-
CKHX XapaKTEPHCTHUK BO3MOXKHO, B TOM YHCIIE, 32 CYCT MPUMEHEHHS JITMHHOXOIOBBIX CTY-
reHei. B olHOI Tako#l CTyIeHH MOKET OBITh MOBBIIICHO AaBjeHus raza ot 0,1 MIla mo
3,0...11,0 MIIa 6e3 HapylIeHHS TEMIICPAaTypHOro pexkuMa. B pabore mpeicTaBicHBI pe-
3yJIBTaThl HCCIIEOBAHUI 1O BO3MOXXHOCTH OOECIICUCHUS «KBa3HH30TEPMUICCKOTO» PEKHU-
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Ma, IIPU KOTOPOM TeMIlepaTrypa HArHETaeMOro ra3a OTIMYAeTCsl OT TeMIIepaTyphbl raza Ha
BcaceiBanuu Ha 40...80 K, 4To npu creneHu MoBbIeHUs aaBjieHus oT 3 go 100 ciemyer
MIPU3HATH XOPOIIUM JOCTIKEHHEM. B paboTe Take MOKA3aHO, YTO 3a CYET IMOBBIIICHHS
TEMIICpATYpPHOro IIOTCHOHAJIa TCIUIa CXaTusa B <<KBaBPIa}IPIa6aTHOﬁ CTYNIICHW» 110
500...900 K, MO>XHO OCTUYB CYIIECTBEHHOM 3KOHOMUU SHEPro3apar 3a CYET UCIOIb30Ba-
HUS CHCTEM PEKyIepalyu TEIUIOBBIX MOTEph HAa OCHOBE IMKJIA PeHKMHA Ha Pa3TUYHBIX
pabounX BEIIECTBAaX, B TOM YHCIIC HU3KOTEMIIEPAaTypHbIX. [IpOBEICH CpaBHUTEIHHBII aHa-
3 Y3PPEKTUBHOCTH CUCTEMBI PEKYIIEpaIliy TEIUIa JJIs TPEX BEHIeCTB — BOXBL, (hPCOHOB
R113 u R134a.

KnroueBble cioBa: pekynepanus, TCIUIOBbIC NMOTEpH, HKI PeHKeHa, MOPIIHEBOH KOM-
npeccop

Theoretical Analysis of Efficiency of Application
of Refrigerating Agents in the System of Recovery
of Heat Losses of a One-Stage High Pressure Compre

© | Chernov G.I.
Busarov S.S. bssi1980@mail.ru
Yusha V.L.
Kapelyhovskay A.A.
Galkova A.A.

Omsk State Technical University, Omsk, 644050, Russia

At present, piston and diaphragm compressor units in the field of medium and high pressure
(3.0...10.0 MPa and more) and low productivity (0.001...0.03 m’/s) remain competitive.
Improving their technical characteristics is possible, including through the use of long-
stroke steps. In one such stage, gas pressure can be increased from 0.1 MPa to
3.0...11.0 MPa without violating the temperature regime. The paper presents the results of
studies on the possibility of providing a “quasi-isothermal” mode, in which the temperature
of the injected gas differs from the temperature of the gas at the suction by 40...80 K, which
should be recognized as a good achievement with a degree of increase in pressure from 3 to
100 should be recognized as a good achievement. The work also showed that by increasing
the temperature potential of the compression heat in the “quasi-adiabatic stage” to
500...900 K, it is possible to achieve significant energy savings through the use of heat loss
recovery systems based on the Rankine cycle on various working substances, including
low-temperature ones. A comparative analysis of the effectiveness of the heat recovery sys-
tem for three substances — water, freons R113 and R134a.

Keywords: recovery, heat loss, Renken cycle, reciprocating compressor
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MpunoxeHne Teopun NOPUCTLIX CTPYKTYP U HEpaBHOBECHOM
TepMOAMHAMMUKM K aHaNu3y ocaXgeHun B NPOTOYHOM KOHOeHcaTope

© | Mopostok J1.M.
Cokonosckas-EdumeHko B.B.
langyk C.B.
MowkaTiok A.B.

Opecckas HauMoHanbHasa akageMus NULLEBbIX TEXHOMOMUN,
Y4ebHO-Hay4YHbIN MHCTUTYT XONOAa, KPUOTEXHOMOMUI Y SKOSHEPTETUKM
umenun B.C. MapTbiHoBckoro, Oaecca, 65039, YkpanHa

PabdorocrocobHoCTh U 3(P(HEKTUBHOCTH TEIFIOOOMEHHOIO arapara 3aBHCST OT COOTBETCTBHS
pacueTHBIX PabOUYUX MapaMETPOB U PEabHBIX YCIIOBHI €ro sKCIuTyaranuu. Jis mpoTodHOro
KOHJICHCATOpa TJIAaBHBIM (haKTOPOM, HAPYIIAIOIIMM CTaOUIIBHYIO PabOTy, CUMTAIOTCS TBEP/IBIC
ocaxieHus. B paboTe aBTOpBI pacCMaTPUBAIOT TBEPABIC OCAKICHHS KaK MIOPUCTYIO CTPYKTYPY.
AHau3 nporeccoB B MOPUCTOM CTPYKTYPE MPOBOMUTCS METOJAMH HEPABHOBECHOM TEPMOJIH-
HAMUKH, B YACTHOCTH METOJIOM «MHHHUMH3AIMU [TPOU3BOJICTBA SHTPOIHK». Takas CTpyKTypa
aHanmi3a obecreuria PacCMOTPEHHE MAaKPOCKOIMYECKUX MOTOKOB JKHIKOCTEH JIF000ro Kade-
CTBEHHOTO COCTaBa, U TI03BOJIMIA HA CTA[(MU MPOCKTUPOBAHKS OLCHHUTH 3(PPEKTUBHOCTL pabo-
THI armapara B QYHKIMH BPEMEHH.

KaioueBble ci10Ba: ocax/CHUS, OPUCTAs CTPYKTYpPa, TCPMOANHAMUYECKIH aHAIN3.

Application of the Porous Medium Theory and Nonequilibrium
Thermodynamics to the Analysis of Fouling in a Flow Condenser
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Odessa National Academy of Food Technologies, Institute of Refrigeration Cryotechnology
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Operability and efficiency of the heat exchanger depend on the compliance of the calculat-
ed operating parameters and the actual conditions of its exploitation. For a flow condenser,
the main factor that disrupts stable operation is solid fouling. In the paper, the authors con-
sider solid fouling as a porous medium. The analysis of processes in the porous medium is
carried out using the methods of nonequilibrium thermodynamics, in particular, the “entro-
py generation minimization” method. Such an analysis structure provided examination of
macroscopic flows of liquids of any qualitative composition, and made it possible at the
design stage to evaluate the efficiency of the apparatus as a function of time.

Keywords: fouling, porous medium, thermodynamic analysis



