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20Cy0apcmeeHH bl mexHuYecKuili ynusepcumem, Poccus)
E-mail: dolgunin-vn@yandex.ru
MexaHu3Mbl M KHHETHKA CeNapanuu npuMeceid KpynmHbIX ¥ MeJIKHUX YaCTHI
B 'PAaBUTAIITUOHHOM IIOTOKE 3€PHUCTOI0 MaTE€pHaJia
HpoaHaJII/I3I/IpOBaHBI IIPOLECChI CeTIapanuunu anMeceﬁ qacCTull, OTINYAIIHUXCA 110 pasMEpy, B
YCII0OBUAX HCOAHOPOAHOCTU CTPYKTYPHBIX 1 KWHCMATUUCCKUX ITapaMETPOB 6LICTp0I‘ O CABUI'OBOT'O
T'PaBUTAIMOHHOI'O ITOTOKA 3CPHUCTBLIX MATCPUAJIOB HAa IICPOXOBATOM CKATC. Anammz IMpOBEACH MCTOAOM
MaTCMaTUYCCKOro MOJACIUPOBAHUA pacnpez[eneHHﬁ KOHOCHTpAalun HpI/IMeceﬁ B IIOTOKC U CpaBHCHUA
PE3yJIbTATOB PACUCTOB C OKCIICPUMCHTAJIbHBIMHA JaHHBIMHU. YCTaHOBJ'IeHO, 4ToO CCllapanusg MMpuMeCu
KPYIIHBIX 9aCTHUII ABJIACTCA, IPCUMYIICCTBCHHO, CJICACTBUEM pCIIaKCallun HaHpﬂ)KeHHﬁ, KOTOPELIC
TeHEpUPYIOTCS HA DTUX YacTUIaX (KaK KOHLIEHTPATOpax JIOKaIbHBIX HalpsbkeHuit). Cenapaius npuMecu
MEJIKUX YaCTHII IPOTEKAET MPHU TOMUHUPOBAHHUH dPdeKTa KBazuan(hy3HOHHOTO pa3/IeieHUs YaCTHII B
YCIOBUSX MPOCTPAHCTBEHHON HEOJHOPOIHOCTHU pacipeaeneHus Tepaoi (has3nl. OnpeseneHsl Croco0bl
WHTEHCU(]HUKAIIUU TTPOIIecca CeTapalnu.
KuroueBble ciioBa: 3€pHI/ICTbII71 MaTcpHral, 6BICTp06 I'paBUTAalMOHHOC TCUCHUEC, CCIIapalu:d 110
pasmepy, cerperanus, MUrpanus, KkBazuauddysus
UDC 538.9
V.N. Dolgunin, A.N. Kudi, A.G. Tarakanov (Tambov State Technical University, Russia) E-mail:
dolgunin-vn@yandex.ru
Mechanisms and kinetics of separation of impurities of large and small particles in the
gravitational flow of granular material
The effects of the separation of impurities of particles differing in size are analyzed under
conditions of inhomogeneity of the structural and kinematic parameters of a fast shear gravitational flow
of granular materials on a rough slope. The analysis was carried out by the method of mathematical
modeling of the distributions of the concentration of impurities of small and large particles in a fast
gravitational flow on a rough slope and comparing them with experimental data. It was found that the
separation of large particles impurities is mainly a consequence of stress relaxation that are generated on
these particles as concentrators of local stresses. The separation of an impurity of small particles proceeds
with the dominance of the effect of their quasi-diffusion separation under conditions of spatial
inhomogeneity of the solid phase distribution. Methods for intensifying the separation process have been
determined.
Keywords: granular material, fast gravitational current, separation by size, segregation, migration,
quasidiffusion

YK 66.081.63
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Pa3pa0orka u pacder 371eKTpoOapoMeMOPaHHOIO annapara pyJOHHOI0 THIIA
JUISL pa3/ieJieHus pacTBOPOB ¢ AU PepeHUIMPOBAHHBIM 0TBOJIOM HOHOB

[IpuBeseHbI pe3ynbTaThl pa3paboTKU ANEKTPOOAPOMEMOPAHHOTO ammapaTa pyJIOHHOTO TUIA (C
b depeHIIMPOBaHHBIM OTBOJOM MOHOB) JJISl Pa3/I€TIeHHs TEXHOJIOTHYECKHX PACTBOPOB XMMHUECKHUX
npou3BoACTB. [IpeacraBnena MeToarKa MHXEHEPHOTO pacueTa MpeaaaraéMoi nepcneKTHBHON
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KOHCTPYKLUH 3JIeKTpoOapoMeMOpaHHOro anmapara pyJIOHHOTO THUIIA JJIs peau3aliiy pa3aeaeHus
TEXHOJIOTHYCCKHUX PACTBOPOB XUMHUYCCKUX U MAITMHOCTPOUTCIIBHBIX IIPOU3BOJCTB C YUECTOM
TUAPOJWHAMHWKU U HAIIPABJICHUA ABUXKCHUA pacTBOpA.

KuroueBble ci1oBa: 37eKTpoOapoOMEMOpaHHBIN arapaT, TEXHOJIOTHYECKUE PACTBOPHI, yIeTbHbIN
INOTOK, I€pMearT, pETCHTAT
UDC 66.081.63
S.1. Lazarev, O.A. Abonosimov, D.S. Lazareyv, S.1. Kotenev (Tambov State Technical University,
Russia) E-mail: mig@tstu.ru
Development and calculation of a roll-type electrobaromembrane apparatus for separation of
solutions with differentiated ion removal

The article presents the results of the development of a roll-type electrobaromembrane apparatus
with a differentiated removal of ions for the separation of technological solutions of chemical industries.
The technique of engineering calculation of the proposed promising design of a roll-type
electrobaromembrane apparatus for the implementation of separation of technological solutions of
chemical and machine-building industries, taking into account the hydrodynamics and direction of
solution movement.

Keywords: electrobaromembrane apparatus, process solutions, specific flow, permeate, retentate

V]IK 66.081.6
C.B. Kosanes, 0-p mexn. nayx, /[.U. Kooenes, H.A. ®eoomoe (Tamoboeckuii 2ocyoapcmeeHHbiii
yuugepcumem umenu I'.P. /lepyucasuna, Poccus)
E-mail: sseedd@mail.ru; 0.4. Kosanesa, 0-p mexn. nayx (Tamobosckuii 2ocyoapcmeennnlii
yHuueepcumem umenu I.P. /lepycasuna, Tamboeckuii 2ocyoapcmeeHHblil mexHUYeCKul
YHueepcumem, Poccus)
E-mail: solomina-oa@yandex.ru
Pacuer nuiomaam oxuyiaxaeHusi ¥ IVIOAAH MOBEPXHOCTH MeMOPaH 3JIEKTPOXUMHYECKOT0
MeMﬁpannoro alnmnmaparta pyJJOHHOI'0 TUIIa IJIf pasgeJICHUA TEXHOJIOIrHYE€CKUX PacTBOpPoOB

Pa3pa60TaHa MCTOJHKA pacucTa IJiomaan OXJIaXKIACHUA U IIJI0IaAu ITIOBEPXHOCTHU MeM6paH
SJICKTPOXUMHYCCKOT'O MCM6paHHOFO arrapara pyJOHHOI'O TUIla JJIs pa3aCICHUU TCXHOJIOTMUCCKHUX
pPacTBOPOB MAIIUHOCTPOUTECIIbHBIX 1 XUMHUYCCKUX IMTPOU3BOJACTB. Ha ocHose IMMPOBEACHHOTI'O pacucTa 1
aHaJIM3a MOJTYYEHHBIX JaHHBIX ONPEJIEICHO: YBEINYEHUE TOBEPXHOCTH MEMOpaH B pa3pabOTaHHOU
KOHCTPYKIHHU SJICKTPOXUMUYICCKOTO MeM6paHHOFO aIrrapara pyJoHHOT'O TUIla (HO CpaBHCHHIO C
POTOTHIIOM) cocTaBisieT S0 %, yBenumueHue riomaan oxnaxaeans — 30 %.

KuroueBnle ciioBa: MeM6paHa, KOHCTPYKIM:, allltapar, pacucT, paCTBOP, pa3JICJICHNUC
UDC 66.081.6
S.V. Kovalev, D.I. Kobelev, N.A. Fedotov (Derzhavin Tambov State University, Russia); O.A. Kovaleva
(Derzhavin Tambov State University, Tambov State Technical University, Russia) E-mail:
sseedd@mail.ru, solomina-oa@yandex.ru
Calculation of the cooling area and membrane surface area of a roll-type electrochemical
membrane apparatus for separation of technological solutions

Method for calculating the cooling area, membrane surface of a roll-type electrochemical
membrane apparatus for separation of technological solutions of machine-building and chemical
industries have been developed. Based on the calculation and analysis of the data obtained, it was
determined: the increment of the membrane surface of the developed design of the roll-type
electrochemical membrane apparatus (in comparison with the prototype), is 50 %, increment of the
cooling area is 30 %.

Keywords: membrane, construction, apparatus, calculation, solution, separation
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yuusepcumem um. H.2. Baymana, Poccus) E-mail: v.semyonov1959@gmail.com
Conocrapienne 3¢ppekTuBHOCTH HUKJIOB C3IMR n «ApkTHYecKH#l KacKkaa» npu padore B
yciaoBusx ApKTI/IKI/I METOAOM 3HTp01’[I/II71H0-CTaTI/ICTI/I‘leCKOFO aHaJIu3a

MeTO,I[OM 3HTpOHPII>iHO-CTaTI/ICTI/ILIeCKOI‘ aHaJIi3a IIPOBCACHO COIMOCTABJICHHUC 3(1)(1)CKTI/IBHOCTI/I
1uki0B C3MR u «ApkTHueckuii Kackaa» B YCIOBUIX APKTUKU U pe3KO KOHTUHEHTAJIBHOIO KJIMMAaTa.
3aTtpatsl 3Heprun Ha mpon3BoicTBO CIII' CHMXKAIOTCSI TPY MOHUKEHUH TEMIIEPaTypbl OKPYKAIOIICH
CpCabl AJid ABYX TEXHOJIOTHH. HpI/I 9TOM B UCCJICAOBAHHOM JHUAIIA30HC U3MCHCHUA TCMIICPATYpP OT
—10 °C mo +10 °C Tepmoaunamuueckast 3pGHeKTUBHOCTD ITUKIIA «APKTUYECKUN KacKaj — BBIIIE, YeM
s ukia C3MR. [penmyniecTBa TEXHOIOTHH «APKTHYECKUH KacKal» CBA3aHbI ¢ 6osiee paBHOMEPHOMH
Harpy31<0171 IO KOHTYpaM OXJIAKJICHHUA H Oonee panrOHaJIbHBIM HMCIIOJIB30BAHUEM 060py,I[OBaHI/I$I.

KuiroueBsble €j10Ba: CKUKEHHBIN IPUPOAHBINA a3, TEXHOJIOTHs OKUKEHUS, TeHEepalus SHTPOIINH,
TepMoanHaMu4ecKas 23 (HEKTHBHOCTh
UDC 665.632.078
V.Yu. Semenov, S.D. Alikov (Bauman Moscow State Technical University, Russia) E-mail:
v.semyonov1959@gmail.com
Comparison of the effectiveness of C3MR and the «Arctic cascade» cycles when working in the
Arctic conditions by the method of entropy-statistical analysis

Using the method of entropy statistical analysis, a comparison of the effectiveness of cycles
C3MR and the "Arctic Cascade™ in the Arctic and sharply continental climate was carried out. It is shown
that energy costs for LNG production decrease with a decrease in ambient temperature for both
technologies. At the same time, in the studied range of ambient temperatures from minus 10 °C to plus 10
°C, the thermodynamic efficiency of the Arctic Cascade cycle turns out to be higher than for the C3MR
cycle. The advantage of the "Arctic Cascade" technology is achieved due to a more uniform load on the
cooling circuits and a more rational use of equipment

Keywords: liquefied natural gas, liquefaction technology, entropy generation, thermodynamic

efficiency
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H.3. Baymana, Poccus); FO.M. Cumonenko, 0-p mexu. nayk (000 «Kpuoun Husxcunupunzy, 2.
Ooecca, Yxkpauna); A.A. Yuepun, E.B. Medyweeckuii (0decckas HAUUOHANbHAA AKAOEMUA RUW{CEIX
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JHeprocOeperapuye TeXHOJIOTHH B IPOMBIILJIEHHBIX YCTAHOBKAX MOJIy4YeHHs HEOHA
[IpencraBiena cxema TEXHOJOTUYECKON MOCIEA0BATENbHOCTH 0€30TX0IHON MepepaboTKU
HeoHorenueBoi cmecu. I1okazaHo, 4To BaKHBIM pe3epBOM MHUHHMMU3ALMY 3aTpaT Ha KPUOT€HHOE
oOecnieueHue aacopOepoB SIBJIIETCS YMEHbIIEHUE KOHIIEHTPAIMU MTOTJIOAeMbIX KOMIIOHEHTOB. JlJist
CHIDKEHHsI Harpy3ku ajicopOepoB ourctku Ne-He-cmecu ot Ny mpuMeHeH nporiece (pa3oBoi cenapanun
npu 7'= 66...78 K. B kauecTBe nmpeiBapuTeNbHOM CTyNeHH nepea afacopoepamu 1 noiayyeHus: He
IpeUI0’KeH MEMOpaHHBIN MOAYJb, B KOTOPOM MTOTOK o0oramaercs rejareM 3a cueT ussnedenus 30 % Ne.
[Tosydens! popmyIibl Uil pacueTa pacXoJHbIX XapaKTEPUCTUK MEMOPAHHOTIO MOJTYJIs, IPU KOTOPBIX
o0ecrieunBaeTcsi ONTUMalbHas paboTa peKTU(UKAIMOHHONW YCTaHOBKM MoJTy4eHHs HeoHa. [TokazaHbl
OTJIeNbHbIE OJIOKU KOMILIEKca i 6e30TX0AHO0i nepepadoTku Ne-He-cmecH, B KOTOpOM peann3oBaHbl
JHeprocoeperaromye TeXHUUECKUE peIeHus..
KuroueBble cjioBa: HeoH, renuid, aedaermarop, peKTUPUKAINOHHAS KOJIOHHA, (a30BbIN
ceraparop, ajgcopoep, MeMOpaHHbII MOYJTb
UDC 621.564.27
V.L. Bondarenko (Moscow State Technical Bauman University, Russia); Yu.M. Simonenko (“Cryoin
Engineering” Ltd, Odessa, Ukraine); A.A. Chyhrin, E.V. Medushevsky (Odessa National Academy of
Food Technologies, Ukraine)
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Energy-saving technologies in industrial units for neon production

The scheme of the technological sequence of waste-free processing of the neon-helium mixture is
presented. It is shown that an important standby for minimizing the cost of cryogenic supply of adsorbers
is to reduce the concentration of absorbed components. A phase separation process at T = 66 ... 78 K was
used to reduce the load of the adsorbers to purify the Ne-He-mixture from N,. A membrane module in
which the flow is enriched with helium due to the extraction of 30 % Ne is proposed as a preliminary
stage before the adsorbers to produce He. Formulas for calculating the flow characteristics of the
membrane module, providing the optimal operation of the rectification unit for neon production, are
obtained. Individual modules of the complex for waste-free processing of the Ne-He-mixture, in which
energy-saving technical solutions are implemented, are shown.

Keywords: neon, helium, dephlegmator, rectification column, phase separator, adsorber,

membrane module

LudpoBusauma BOAOPOAHOM IHEPreTUKU

YK 620.93, 620.98
B.JI. Bonoapenko, 0-p mexn. nayx, /I.H. Hnvunckasn, A.A. Kazakoea, kano. mexu. nayk, I1.C.
Ko3znosues, H.A. Jlagpos, 0-p mexn. nayk (Mockoeckuit 2ocyoapcmeenHblilt mexHUu4ecKuil
yHusepcumem um. H.3. baymana, Poccusn)
E-mail: vbondarenko@cryoin.com
BBenenue B nu(gpoBYI0 BOAOPOIHYIO JHEPIreTHKY

Ilepsas cmamvs yuxna uz namu pabom, nOCEAUeHHbIX YUPposusayuu 6000POOHOU IHEPLEMUKU.
PaCCMOTpeHI)I NEPCICKTHUBLI IPUMCHCHU A BOZIOpOIIHOﬁ OHCPI'CTHUKHU B KAa4YCCTBC aJIbTCPHATHUBEI
HCKOIIAaCMOMY TOININIMBY, HCJIM UCIIOJB30BaHUA BOAOPOJa KaK NCTOUYHHUKA DOHECPTUHU U HpO6J’IeMLI,
BO3HUKAOIIKE IPU 3TOM. M37105K€HBI METOIbI MOTY4YEHHS SHEPTUU U3 BOI0POAa 0€3 COMyTCTBYIOIUX
HEeOIAronmpHUsITHBIX BIOPOCOB B OKpYXkaroIlyto cpeny. [lokasana pons 1udpoBu3au SKOHOMUKH Ha
IIPOM3BOJICTBEHHBIE TIPOIECCHI, Han0oJIee BOCTpEOOBaHHbIE IU(PPOBBIE TEXHOJIOTUU U UX POJIb B
BO,Z[OpOI[HOfI OHCPI'CTUKE. HpI/IBeZ[eHBI JAOCTYIIHBIC U PCAIN3YCMBIC Ha I[aHHBIfI MOMCHT I_II/I(I)pOBLIe
IMPONECChI, a TAKXKE NNECPCIICKTUBHEBIC, pa3BHUBAIOIINECA TEXHOJIOIMH MEPEX01a B HI/Id)pOBI/ISaIII/IIO.

KiroueBblie cjioBa: BOAOpOHAs SHEPreTHKA, M poBblie TexHoIoruu, CAD-cuctemsl, Smart
Design, RFID-metkn, VR
UDC 620.93, 620.98
V.L. Bondarenko, D.N. llyinskaya, A.A. Kazakova, P.S. Kozlovtsev, N.A. Lavrov (Bauman Moscow
State Technical University, Russia)
E-mail: vbondarenko@cryoin.com
Introduction to digital hydrogen energy

The first article in a series of five papers devoted to the digitalization of hydrogen energy. The
article discusses the prospects of hydrogen energy as a replacement for fossil fuels, the goals of using
hydrogen as an energy source and the problems that arise along this path. Methods of obtaining energy
from hydrogen without accompanying adverse emissions into the environment are described. The role of
digitalization of the economy on production processes, the most popular digital technologies and their
role in hydrogen energy is shown. The available and currently implemented digital processes are
presented, as well as promising, developing technologies for the transition to digitalization.

Keywords: hydrogen energy, digital technologies, CAD, Smart Design, RFID, VR
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Ko3znosues, H.A. J/laepos, 0-p mexn. nayk (Mockoeckuit 20cyoapcmeenHblilt mexHu4ecKuil
yuueepcumem um. H.3. baymana, Poccusn)

E-mail: vbondarenko@cryoin.com

Lindpposusaumua npu onpeaeneHnn oCHOBHbIX CBOUCTB BOA0POAA

Bmopas cmamus yuxna uz namu pabom, nocesueHHbxX yughposusayuu 6000pOOHOU IHEPLeMUKU.
N3noxen mpoliecc g poBU3aNUN OPEACIICHUS TEPMOIUHAMUYSCKUX CBOMCTB BOJIOPO/IA C
MPOrPaMMHBIM METOJIOM TIOJy4YeHHs TpeOdyeMoil nHPOpMAITIH JTIOOBIM YCTPOMCTBOM, YIACTBYIOIIEM B
pacdere arperara Ha 3Tarne IpOeKTHPOBAHUS, YIIPABIISIFOIIAM ero paboTol B POIECCce IKCILTyaTallUH.
Jlns peanu3anuy TaKoro METo1a B3auMoaecTBus npeaiokeHa Texnosioruss REST API (mokazana uaes u
MEXaHU3MBI JUIsI TIOJTHOTO TIOCTPOCSHUs ATOro HHTEep(deiica) Ha 6aze web-cepsepa. B mporiecce
pa3paboTKu MOJ00HOTO PEIICHUS UCTIONB3YIOTCS OMOTMOTEKH U KOMIIOHEHTHI C OTKPBITHIM UCXOAHBIM
KOJIOM, YTO MO3BOJISIET BHOCUTH B HUX HEOOXOIMMbIE U3MEHEHUS U BBIIOJHATH HACTPOIKY B
COOTBETCTBUH C ITOCTABJICHHOM 3a/1a4ueii; 00eCrieunBaTh MaCIITA0UPYEMOCTh U PACITUPSIEMOCTH C
COXpaHEHHUEM BBICOKOT'O YPOBHSI MPOU3BOIUTEILHOCTH M IOCTYITHOCTH; BBHITTOJTHEHHS TIPUHIIUIIA
pacrpeieiecHHONM OTBETCTBEHHOCTH JJIS IOCTHXKEHHS BBICOKOTO YPOBHSI OTKA30yCTOMYHUBOCTH.

KiroueBble ¢JioBa: BOJAOPOIHAS JHEPTETHUKA, TU(POBBIEC TEXHOJIOTUH, CEPBEPHBIC TEXHOJIOTHH,
texnosorusa REST API

UDK 620.93, 620.98

V.L. Bondarenko, D.N. llyinskaya, A.A. Kazakova, P.S. Kozlovtsev, N.A. Lavrov (Bauman Moscow
State Technical University, Russia)

E-mail: vbondarenko@cryoin.com

Digitalization in determining the basic properties of hydrogen

The second article of a series of five papers devoted to the digitalization of hydrogen energy. The
article describes the process of digitalization of determination of thermodynamic properties of hydrogen
with a software method for obtaining the required information by any device involved in the calculation
of the unit at the design stage, controlling its operation during operation. To implement this method of
interaction, the REST API technology is proposed (the idea and mechanisms for the complete
construction of this interface are shown) based on a web server. In the process of developing such a
solution, open source libraries and components are used, which allows you to make the necessary
changes to them and configure them in accordance with the task; ensure scalability and extensibility
while maintaining a high level of performance and availability; implement the principle of distributed
responsibility to achieve a high level of fault tolerance.

Keywords: hydrogen energy, digital technologies, server technologies, REST API technology
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Hl/l(l)pOBble TEXHOJOI'MM IIPH aHAJIN3¢ KPUOICHHBIX YCTAHOBOK 1JId IOJYYCHUSA KHAKOI'0 BOAOpPOaAa

Tpemwvsi cmamovs yuxkia uz namu pabom, NOC8AWEHHbIX YUDPOosU3aYUU 8000POOHOU FHEPLEMUKU.
PaccMoTpen nporiecc B3auMOICHCTBUS PA3IMYHBIX [H(PPOBBIX TEXHOJIOTUN JJII TOCTPOCHUS CUCTEMBI
aHaJIn3a, KOHTPOJIA U YIIPABJIICHUSA 3JICMCHTaAMU BOAOPOJHOI'0 OKMKHUTEIIA. HpI/IBeI[eH IIpHUMEP
pa3eiieHus OTBETCTBEHHOCTH MEXKIY IPOrPaMMUPYEMBIMH KOHTPOJUIEPAMH O MOIYJISIM KPUOT€HHOMN
YCTaHOBKH JIA oOecrieueHus y,I[O6H01"O u 6BICTp0FO J0CTYyIIa K JaHHBIM, I10JIYy4a€MbIM C U3MEPHUTECIIbHBIX
npruOOpPOB Ha AHAJIOTOBBIX BXOAAaX KOHTPOJIEPOB. PaccMOTpeHBI MporpaMMHbBIE METOBI JOCTHUKCHHUS
IIOCTaBJICHHBIX ueﬂeﬁ 1o LIPI(prBI/IBaLII/II/I aHaJIn3a KPUOI'€CHHBIX YCTAHOBOK Ha YPOBHE CCPBCPHEBIX
TEXHOJIOTHH C IOPpUMCHCHUEM MECTOJ0B BU3YaJIbHOI'O ITpOrpaMMHUpPOBaHMAA.

KuroueBble ciioBa: BO,Z[OpO,[[HBIfI OXMIXKUTCIIb, I_II/I(prBI)Ie TEXHOJIOTHH, BU3YaJIbHOC
IporpaMMHUpPOBaHUE, KOMIIBIOTEPHBIE CETU
UDC 620.93, 620.98
V.L. Bondarenko, D.N. llyinskaya, A.A. Kazakova, P.S. Kozlovtsev, N.A. Lavrov (Bauman Moscow
State Technical University, Russia)
E-mail: vbondarenko@cryoin.com
Digital technologies in the analysis of cryogenic plants for the production
of liquid hydrogen

The third article in a series of five papers devoted to the digitalization of hydrogen energy. The
article discusses the process of interaction of various digital technologies to build a system of analysis,
control and management of elements of a hydrogen liquefier. An example of the division of responsibility
between programmable controllers by cryogenic installation modules is given to provide convenient and
quick access to data received from measuring instruments at the analog inputs of the controllers. The
paper considers software methods for achieving the set goals for digitizing the analysis of cryogenic
installations at the level of server technologies using visual programming methods.

Keywords: hydrogen liquefier, digital technologies, visual programming, computer networks
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MpumeHeHue UM POBbLIX TEXHONOIMIA NPK BbibOpe TUNA XpaHEHUA U TPAaHCNOPTMPOBKMU BOAOPOAA

Yemeépmas cmamos yukaa u3 namu pabom, nocesujeHHblX Yyupposuzayuu 6000pOOHO
oHepzemuku. PaccMOTpeHbI METOIbl 0OecreueHus UPPOBU3aLUY B 00JIACTH XpPaHEHUS U
TPAaHCIOPTUPOBKH BOJOPOA HA MPEIIPHUATUAX BOJLOPOIHON SIHEPIrETUKH HA IPUMEPE OPraHU3aLUN
CTPYKTYpbI XpaHeHHs B 0a3aX AAHHBIX, TOCTPOEHHBIX MO PESLMOHHON U HEPEISIIMOHHON MOIENH;
OIMCAaH Mpouecc 00padOTKH U UCII0JIb30BAHUS OOJIBIINX MAaCCUBOB JAHHBIX /711 O0yYEHHs] HEMPOHHBIX
ceTell C LeNbI0 KOPPENALUU XapaKTePUCTUK IIU(PPOBHIX JBOWHUKOB SHEPIeTUYECKUX YCTaHOBOK;
IPUBE/IEHBI APIYMEHTHI B MI0JIb3Y BHEAPEHUS YETIO0BEKO-MAIIMHHBIX HHTepQeiicoB Tuna SCADA.
[TpuBenena nHGopMaus 0 TEHASHIMAX U NEPCHEKTUBAX Pa3BUTUS MPEATOKEHHBIX TEXHOIOT U
1M pOBU3AIMH BOJOPOIHOMN SHEPreTUKU KaK KPUOT€HHOTO CEKTOpa.

KnioueBble cnosa: BogopoaHaA sHepreTuKa, undposblie TexHonormm, 6asbl AaHHbIX, Undposbie

ABOMHMKMW, 4eNOBEKO-MALLUMHHbIN UHTEpPdeC

UDC 620.93, 620.98

V.L. Bondarenko, D.N. llyinskaya, A.A. Kazakova, P.S. Kozlovtsev, N.A. Lavrov (Bauman Moscow
State Technical University, Russia)

E-mail: vbondarenko@cryoin.com

The use of digital technologies for selection of the type of storage and transportation of hydrogen
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The fourth article of a series of five papers devoted to the digitalization of hydrogen energy. The
article discusses the methods of digitalization in the field of hydrogen storage and transportation at
hydrogen energy enterprises by the example of the organization of the storage structure in databases built
on relational and non-relational models; describes the process of processing and using large data arrays
for training neural networks in order to correlate the characteristics of digital counterparts of power
plants; arguments in favor of the introduction of human-machine interfaces such as SCADA. Information
about the trends and prospects for the development of the proposed technologies for digitalization of
hydrogen energy as a cryogenic sector is given.

Keywords: hydrogen energy, digital technologies, databases, digital twins, human-machine

interface
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MepcneKTuBbI U aKTyaNbHble Npobaembl unudpposusauum BOJOPOAHON SHEPreTUKHU

Ilamas cmamos yuxna uz namu pabom, NOC8AUEHHbIX YUGPosu3ayuu 6000POOHOU IHEPSEMUKUL.
PaCCMOTpeHBI NECPCICKTHUBLI BHCAPCHUA III/Iq)‘pOBI)IX TEXHOJIOTUH B MpoucCChbl IPOMBIIIJICHHOI'O
MMOJIY4YCHUA, TPAHCIIOPTUPOBKH U XPAaHCHUS ITPOAYKTOB BO,Z[OpO,I[HOfI OHCPIrCTHUKH. HOK&S&HO, qTo
BHE/IPEHHE METOI0B IIU(PPOBHU3AINN HEOOXOIUMO IIPOBOJUTH B paMKax eJMHOHN U(POBOi MI1aT(OpPMBIL.
Paccmotpensl Bonmpockl U¢pOBOH 6€30MaCHOCTH BOJIOPOIHBIX YCTAHOBOK, a TAKKE
KOHd)I/IIIGHIII/IaJII)HOCTI/I nepcaadn JaHHbIX IIPU UCIIOJIb30BAHUH IICPCIICKTHBHBIX I/IH(bOpMaIII/IOHHHX
TexHouorui. IloBbIIIeHNE TEMIIOB BHCAPCHUA MCTOZI OB LII/I(I)pOBI/I?»aLII/II/I MOKET OBITH AJOCTUTHYTO 34 CUCT
MMOAr0TOBKHU KaJApOB ¢ KOMICTCHIMUAMHA B MCXKIUCHUIIIIMHAPHBIX obmactax. Onucan PAd AKTYaJIbHBIX
HpO6J’ICM, KOTOPBIMHU OCJIOXKHACTCA IIPOLCCC HI/I(l)pOBI/ISaI_II/II/I BO)IOpOI[HOfI IIPOMBIIIJIICHHOCTH. M3noxxennl
Tp€6OBaHI/I${ K KOMIICTCHIIUAM 6YILYHII/IX CIICIINAJINCTOB B Me)I(JII/ICHI/IHJIHHapHOfI oOJractu.

KiroueBbie ciioBa: nudposbie TexHOIOTUH, LU poBas miaardopma, nudposas 6€30MaCHOCTD,
npoOeMbl IU(PPOBU3ALUN BOJOPOIHOM SHEPTETUKHU
UDC 620.93, 620.98
V.L. Bondarenko, D.N. llyinskaya, A.A. Kazakova, P.S. Kozlovtsev, N.A. Lavrov (Bauman Moscow
State Technical University, Russia)

E-mail: vbondarenko@cryoin.com
Prospects and current problems of digitalization of hydrogen energy

The fifth article in a series of five papers devoted to the digitalization of hydrogen energy. The
article discusses the prospects for the introduction of digital technologies in the processes of industrial
production, transportation and storage of hydrogen energy products. It is shown that the introduction of
digitalization methods should be carried out within a single digital platform. The issues of digital security
of hydrogen installations, as well as confidentiality of data transmission when using advanced
information technologies are considered. An increase in the pace of implementation of digitalization
methods can be achieved by training of personnel with competencies in interdisciplinary fields. A number
of problems are described, which complicate the process of digitalization of the hydrogen industry. The
requirements for the competencies of future specialists in the interdisciplinary field are outlined.

Keywords: digital technologies, digital platform, digital security, problems of digitalization of

hydrogen energy
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«Kueeckuii nonumexunuueckuii uncmumym umenu Hzopa Cukopckozo»)

E-mail: i.mikulionok@gmail.com

K.]'IaCCI/I(l)I/IKaIII/IH yCTPOﬁCTB OXJTAKACHUS YEPBAKOB OJHOYECPBAYHLIX IKCTPYACPOB AJs1
nepepadoTKH MOJTUMEPHBIX MATEPUAIOB (0030p KOHCMPYKUUIL)

[Ipennoxena knaccudukaiys yCTPOUCTB ISl OXTKICHHS YEPBSIKOB OJTHOUCPBIIHBIX
SKCTPYAEPOB ISl TEpepadOTKH MOJIMMEPHBIX MaTepUaioB. BeIMoHEeH KpUTHYECKHi 0030p Hanboee
XapaKTEePHBIX KOHCTPYKIUN YCTPOUCTB Il OXJIAKICHUS YEPBSIKOB.

KuroueBble ci10Ba: moymmmMep, SKCTPyIep, YePBSK, OXJIKIACHUE, KITaCCH(PUKAIHS, KOHCTPYKITUH
UDC [678.027.3:621.929.3:62-71]-027.28(048.83)

1.0. Mikulionok (National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”) E-mail: i.mikulionok(@gmail.com

Classification of devices for cooling of screws of single screw extruders for polymer materials
processing (survey of designs)

Classification of devices for cooling of screws of single screw extruders for polymer processing is
proposed. The critical review of the most characteristic designs of the cooling devices is realized.

Keywords: polymer, extruder, screw, cooling, classification, designs

YK [621.646.7:532.528]-027.28(048.83)
H.O0. Mukynénox, 0-p mexn. nayk (Hayuonanvhulii mexnuueckuil ynusepcumem YKpauHul
«Kueeckuii nonumexnuueckuii uncmumym umenu Hzopa Cuxkopckozo»). E-mail:
i.mikulionok@gmail.com
Kaaccupukauusi NPOTOYHBIX CTATHYECKUX KABUTAIMOHHBIX CMecUTel1eil (0030p KoncmpyKkuuin)

Pa3paborana kinaccudukaius MpoOTOYHBIX CTATHICCKUX KABUTAIIMOHHBIX CMECHUTENICH. BeImomHeH
KPUTHYECKH 0030p Harboiee XapaKTepPHbIX KOHCTPYKIIUNA MPOTOYHBIX CTATUYECKUX KaBUTAIIMOHHBIX
CMecuTeNe.

KuoueBble cjioBa: xuaKas cpefia, KaBUTAIMsI, CMECUTENb, KJIacCU(PUKAIUS, KOHCTPYKIIUU
UDC [621.646.7:532.528]-027.28(048.83)
1.0. Mikulionok (National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”). E-mail: i.mikulionok@gmail.com
Classification of in-line static cavitation mixers (survey of designs)

A classification of in-line static cavitation mixers is proposed. A critical survey of the most
characteristic designs of in-line (flow-through) static cavitation mixers is realized.

Keywords: liquid medium, cavitation, mixer, classification, designs
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HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATAIIUA

IMPOOECCHI U OBOPYJJOBAHHUE
XUMHYECKHUX U HE®TEIT'A30BBIX TEXHOJIOT U

VIK 621.928.028
M.B. Knvixos, T.B. Anywikuna, P.I'. Xacanoe, kanouoamwot mexu. nayk (Quauan Ypumcrkozo
20CY0apcmeeHH020 Hepmano2o mexnuueckozo ynusepcumema 6 2. Canasame, Poccus) E-mail:
alul@yandex.ru
CoBepuieHCTBOBaHME KOHCTPYKIMHU PeryJisipHOH ceT4aToil HacaAKu

[IpeacrarneHsl pe3ynbTaThl ONTUMHU3AIMH MTAPAMETPOB PETYIISPHBIX HACAJA0K M3 TOPPUPOBAHHBIX
CETOK M Harpy3KH PeKTU(PUKANMOHHON KOJIOHHBI. B KauecTBe 0000IIEHHOTO TTapaMeTpa ONTHMH3AITIN
BbIOpaHO OTHOLIEHUE YI€IbHONW F€OMETPUUYECKOM MOBEPXHOCTU HACAAKU K OJJHOM TEOpEeTUUECKOU
TapCJIKC U cbaKTopy Harpys3kKHu. HpOBeI[eHO HUCCIICAOBAHUC BJIMAHUA TUIIOpA3MEpPa CCTKHU U BBICOTHI
0JIOKOB (IIUPHHBI TOQPUPOBAHHON CETUATOM JICHTHI) HAa YHCIIO TEOPETUICCKUX TapeIoK Ha | M BBICOTHI
CJI0A HaCaAKHW B HIMPOKOM JJHAIIa30HC (baKTopa Harpys3kKu. Ha ocHoBanuu IIPOBCACHHBIX I/ICCJ'ICILOBaHI/Iﬁ
yaenbHas oBepxHOCTh 420 M%/M°; pasmep sueek ceTkn B cBery 0,5x0,5 MM; hakTop Harpysku 4,36
KFO'5~M-O'5~C_1 OTBCHAKOT MUHUMAJIBHOMY PACXOAy MaTCpuajia CCTKU Ha CAUHHUILY ITPONU3BOAUTCIIBHOCTHU U
paB,Z[eJII/ITCJIBHoﬁ CIOCOOHOCTH HaCaKu. 9KCH6pHM6HT&HBHO YCTAHOBJICHBI pa60qI/Ie XapaKTCPHUCTUKU
HacaJlKu C TPpCYroJbHbIMU W TpalrCucuaajibHbIMU I‘O(i)paMI/I B IIPOMBIIIJICHHBIX peKTI/I(l)I/IKaIlI/IOHHI)IX
KoJoHHax quamerpom oT 0,25 o 1,4 M, moaTBepkaeHa BbIcOKast 3 heKTUBHOCTh HacaaKu. B nquamazone
daxropa Harpysku ot 0,6 10 4,4 kr®°-m - uncio Teopernyecknx Tapenok cocrasisier ot 6,0 10 3,3 Ha
MCTP BBICOTHI CJIOS HACAKH. Pa3pa60TaHa 3(1)(1)6KTI/IBHEI}I TEXHOJIOTHSI U3TOTOBJICHHUS OJIOKOB HaCaJKu.

KiroueBble cjioBa: peryispHas HacaJka, ONTHMH3ALNS TapaMeTPOB, (GaKTOp HArpy3KH,
KOHCTPYKI M HACAJIKH.
UDC 621.928.028
M.V. Klykov, T.V. Alushkina, R.G. Khasanov (Ufa State Petroleum Technological University, Branch
of the University in the City of Salavat, Salavat, Russia)
E-mail: alul@yandex.ru
Improving the design of a regular mesh packing

The results of optimizing the parameters of regular corrugated mesh packings and distillation
column load are presented. As a generalized optimization parameter, the ratio of the specific geometric
surface of the packing to one theoretical plate and the load factor was chosen. A study of the influence of
the mesh size and the height of the blocks (the width of the corrugated mesh tape) on the number of
theoretical plates per 1 m of the packing layer height in a wide range of the load factor was made. Based
on the conducted studies, the specific surface area is 420 m*m?; grid cell size in the light 0,5x0,5 mm;
load factor 4,36 kg®°-m™*-s™ correspond to the minimum consumption of the mesh material per unit of
productivity and separation capacity of the packing. The operating characteristics of the packing with
triangular and trapezoidal corrugations in industrial distillation columns with a diameter of 0,25t0 1,4 m
were experimentally established, confirming the high efficiency of the packing. In the load factor range
from 0,6 to 4,4 kg®>-m™°s™, the number of theoretical plates is from 6,0 to 3,3 per meter of packing layer
height. An efficient technology for manufacturing packing blocks has been developed.

Key words: regular packing, parameter optimization, load factor, packing design

VI]IK 536.24

A.B. Cmenvikun, B.M. Kocwvipes, kanouoamul mexu. nayk, A.A. Cudazun, 0-p mexu. nayx, /1. M.
Byxapos, EM. Tymanuna (Huscezopoockuii 2ocyoapcmeeHHblil meXHUYeCKuil yHUGepcumen um.
P.E. Anexceesa, 2. Huscnuit Hoezopoo, Poccus)

www.himnef.ru - caiit xxyprana «Xumuueckoe 1 Hedrerazosoe MammHOCTpoOCHHE,
www.intecheco.ru - caiit koHbepeHuui 11 MPeANPHATHIl YHEPreTUKH, METAIUTYPIHH, He(TEra30Boi 1 XUMHUYECKON OTpacieit


http://www.himnef.ru/
http://www.intecheco.ru/

*Hry,
I oS ! AHHOTAIMM cTaTell KypHaja « XuMHYecKoe H HepTera3oBoe MalImHOCTPoOeHne» 3a 2022 r.

E-mail: cngh@yandex.ru
3chepnMeHTaan0e HCCJICAOBAHHE TENJIO0TAAYMA B IIJIACTUHYATBIX MOAYJIAX
TEIJIOMAaCCOOOMEHHOr0 KOHTAKTHOI'O yCTpoﬁCTBa

HpI/IBe,I[eHLI PE3YIBTATHI SKCIICPUMEHTAIIBHOI'O UCCIICJOBAHUA pa6OTBI TEIIO00MEHHBIX MOI[yntI,
BXOJISIIIMX B COCTaB TEIUIOMACCOOOMEHHOTO0 KOHTAKTHOTO ycTpoicTBa. [IpoBenen anamu3 muTepaTypHbIX
JAaHHBIX 1O U3YYCHHUIO MMapaMETPOB TCIJIOOTAAaUM OT INIOCKHX 2JIEMCHTOB. B pe3yiabTaTre 06pa6OTKI/I
SKCHCPUMCHTAJILHBIX JAHHBIX ITOJTYUCHA 3aBUCUMOCTD KOBCI)(bI/II_[I/IeHTa TCILJIOOTAa4Yu OT HUCIia
Peiinonbaca. OnpeneneHsl KO3(QPUIMEHTHI 17151 KpUTEPHATHHOTO YPaBHEHUS 3aBUCUMOCTH YUCIIa
Hyccensra ot uncen Peitnonbaca u [Ipanatiia. Y cTaHOBIEHO, YTO ITOKA3aTENb CTEIICHU IIPU KPUTEPUU
PeﬁHOHL,Hca OIU30K K IMPUBCACHHBIM B JIMTCPATYypC 3HAYCHUAM IIPU TCILJIOOTAAYEC OT IIOCKOH
MOBEPXHOCTH. 3HaUCHHSI KOA(PPHUIMEHTA TEIUIOOTAAYH COOTBETCTBYIOT KOA((PUIIEHTaM, XapaKTepPHBIM
JJIs IIJIaCTUHYAaThIX TEIIO00OMEHHBIX aIrapaTos.

KiaroueBble ¢J10Ba: KOHTAKTHBIC yCTpOﬁCTBa, TCILIOHAIIPAKCHHBIC ITPOLECChI, TCIJIONCpCaaya,
TEIiooTAavYa
UDC 536.24
A.V. Stepykin, V.M. Kosyrev, A.A. Sidyagin, D.M. Bukharov, E.M. Tutanina (Nizhny Novgorod State
Technical University, Nizhny Novgorod, Russia)
E-mail: cngh@yandex.ru
Experimental study of heat transfer in plate modules of a heat and mass transfer contact device

The article presents the results of an experimental study of the operation of heat exchange
modules that are part of a heat and mass transfer contact device. The paper analyzes the literature data on
the study of heat transfer parameters from flat elements. As a result of processing experimental data, the
dependence of the heat transfer coefficient on the Reynolds number was obtained. The coefficients for the
criterion equation of the dependence of the Nusselt number on the Reynolds and Prandtl numbers are
determined. It is established that the exponent under the Reynolds criterion is close to the values given in
the literature for heat transfer from a flat surface. The values of the heat transfer coefficient correspond to
the coefficients characteristic of plate heat exchangers.

Keywords: contact devices, high heat processes, heat transfer, heat transfer

YK 662.6/9
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mail: y.pechenegov@mail.ru
CpaBHI/ITeJ'IBHbIe TCIJIOTUAPABJINYCCKHE 1 JHCPIrOIKOHOMHYECCKHE XaPAKTCPUCTUKHA TEIJIO00MeHAa
B KPYIJIBIX U NPAMOYTI'OJBHBIX KaHAJIAX IIPA JIAMUHAPHOM M TypﬁyJ’lel—lTHOM PEKUMaAX TCICHUSA
TECIJIOHOCUT IS

B pe3ynbTare pacyeTHOro aHaJIM3a 1Mo CPABHEHUIO TEIJIOTUIPABINYECKUX U
OHCPrOSKOHOMHUUYCCKHUX XAPAKTCPUCTUK TEINIOOOMEHHBIX KaHAJIOB BO3AYHIHBIX TCIIOYTUIIN3aTOPOB
IMMOKa3aHbl MIPECUMYIICCTBA KaHAJIOB pr[MOYFOJ'II:HOﬁ q)OpMI)I MOMEPECUYHOTO CCUCHUA 11O OTHOIICHHUIO K
KpYTJIbIM KaHaJlaM. Y cTaHOBIEHBI NpEeACIIbHBIC CKOPOCTU ABUKCHUS TeNJIOHOCUTEIEH B KaHaJjax,
MIPEBBINICHHE KOTOPBIX HEIEIeCO00pa3HO AJisi pabOoThI TEIIOYTUIN3aTOPOB. JlJist o1leHOK
TCHHOFHHpaBHI/I‘{eCKOﬁ 3(1)(1)6KTI/IBHOCTI/I TermIooOMeHa IMPEAJIOKECHO HUCIIOJIb30BATh (1)I/ISI/I‘ICCKI/I
HarJsHbIN oka3aTensb — 3Heprerudeckuii KIT/I. Pacueramu onpenenena 0osee BbICOKast
TCIIOTMApaBIINYCCKAA 3(1)(I)GKTI/IBHOCTB TeriooOMeHa [IpU JIJAMUHAPHOM PCIKUME TCUCHUS
TEIUIOHOCHUTENICH 110 OTHOIIEHUIO K TYpOYJIECHTHOMY PEXUMY.

KiroueBble ¢j10Ba: TEINIO0OOMEHHBII KaHaJl, TCTIJIOYTHUIJIN3aTOop, ITIOKAa3aTCJIb 3(I)¢)CKTI/IBHOCTI/I
T€HJ’IOO6M€Ha, CKOPOCTH U PCIKHUMBI TCUCHUS TCIIJIOHOCHUTEIIA, HOHGpC‘-IHI:Iﬁ pasMEp KaHalia
UDC 662.6/9
Yu.Ya. Pechenegov (Engels technological institute (branch) Saratov state technical university named
after Gagarin Yu.A., Russia) E-mail: y.pechenegov@mail. ru
Comparative thermal-hydraulic and energy-economic characteristics of heat exchange in round
and rectangular channels under laminar and turbulent modes of coolant flow
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As a result of the computational analysis of the thermal hydraulic and technical and economic
characteristics of the heat exchange channels of air heat exchangers, the advantages of rectangular cross-
sectional channels in relation to round channels are shown. The limiting speeds of the movement of heat
carriers in the channels have been established, the excess of which leads to the inexpediency of the
operation of heat exchangers. To assess the thermohydraulic efficiency of heat exchange, it is proposed to
use a physically visual indicator-energy efficiency. Calculations demonstrate a higher thermohydraulic
efficiency of heat exchange in the laminar flow regime of heat carriers in relation to the turbulent regime.

Keywords: heat exchange channel, heat exchanger, heat transfer efficiency indicator, coolant
speeds and modes, transverse channel size

YIK 66.087.97
K.B. lllecmakos, kano. mexn. nayxk, C.HU. Jlazapes, 0-p mexu. nayk, I1.A. Xoxnos, /[.C. Jlazapes
(Tamboeckuii 2ocyoapcmeennvlit mexnuyeckuil ynueepcumem, Poccus)
E-mail: kostyanshestakov@mail.ru
MeTonmca IMPOTHO3UPOBAHUA TEXHOJOIHYCCKUX MAPAMETPOB 3JICKTPOAMAJTU3IHOTO0 anlnmapara JJid
pasiejieHusi pacTBOPOB

HpeI[CTaBHeHa MCTOAHKA IMPOTrHO3UPOBAHUA TCXHOJIOTMYCCKUX MAPaAaMETPOB DJICKTPOAUAIIU3ZHOT'O
alrIiapara ¢ I pUMCHCHUCM YCOBeleeHCTBOBaHHOfl MaTeMaTHYECKOHN MOACIIN, OCHOBaHHOH Ha
(pUKIIMOHHON Teopuu MaccoliepeHoca. B kadecTse npumepa Juist IpOrHO3UPOBAHUS UCIIOJIb30BAaHO
pazaenenue Bogubix pactBopoB CuSO4-5H,0; Fe(NO3)3-9H,0; Ni(NO3),:6H,0. Ipu HeoOXoauMocTH
npeajiaraéMyro METOJAUKyY MOXHO IIPUMCHUTL B MOIII/I(i)I/IIII/IpOBaHHOM BUC JIA pacycTa
QJICKTPOAUAIIN3HBIX allllapaTOB APYTUX KOHCTpYKHHﬁ.

KuroueBble cjioBa: SJICKTpOAMUAJIN3, M€M6paHa, MacCCOIICpPCHOC, anrapar, TCXHOJIOIr'MYCCKUC
mapaMeTphl
UDC 66.087.97
K.V. Shestakov, S.1I. Lazarev, P.A. Khokhlov, D.S. Lazarev (Tambov State Technical University,
Russia) E-mail: kostyanshestakov@mail.ru
Method for prediction of technological parameters of the electrodialysis apparatus for solution
separation

The paper presents the particular predicting method of technological parameters of the
electrodialysis apparatus using the improved mathematical model based on the frictional theory of mass
transfer. The separation of aqueous solutions of CuSO,4-5H,0, Fe(NO3)3-9H,0 and Ni(NOs3),:6H,0 is
used as an example for prediction. If necessary, the proposed method can be applied in a modified form
to calculation of other designs of electrodialysis apparatuses.

Keywords: electrodialysis, membrane, mass transfer, apparatus, technological parameters

KOMIVIEKTYIOIUE U3JAEJIUSA. ITPUBOPHI

YK 621.65.03
A.A. Kpacunvnuxos, 0-p mexn. nayk (Ypanovckuiit @eoepanvHulil ynugepcumem umMeHu nepeo2o
Ilpezudoenma Poccuu b.H. Envyuna, 2. Examepunoypez, Poccus);
A.B. Panocoe (A0 «CeepoHUHUxummawr», 2. Exkamepunoype, Poccus)
E-mail: krasilnikov1951@yandex.ru, ryaposov@sniihim.ru
Koppo3unonHasi xuMuuyecKkasi CTOHKOCTb MATEPHAJIOB HA OCHOBE KapOu1a KpeMHHUs 1JIA
NPUMEHEHHUS B PAIHOXHUMHUYECKOM 000pyA0BAHUHU

HccnenoBana KOppO3MOHHAS XUMUYECKasi CTOMKOCTh KapOuJa KpeMHHUsI (KaK KOHCTPYKIIMOHHOTO
MaTepHaia MoJAUIMITHUKOB CKOJIBKEHUS paJIOXUMHUECKOro 000pyI0BaHHUs) B CpeJie 1€3aKTUBAIMOHHBIX
pacTBOpPOB, B 0COOEHHOCTH HIENOYHBIX. J{J1s MCTIBITaHUI HCIIOJIb30BaHBI OCHOBHBIE PACTBOPBI,
pUMeHsIeMble MTPH JIe3aKTUBAllMKM 000pYA0BaHUs, B TOM 4Kcie ocHoBHOro koHTypa ADC. Ilo
pe3ysbTaTaM UCHbITaHUI YCTaHOBJIEHA YAOBJIETBOPUTEIbHASI XUMUYECKasi CTOMKOCTh KapOuaa KpeMHUs
K pa30aBJICHHOM LIETOYH.

KuroueBble cjioBa: kapOoua KpeMHUS, 1€3aKTUBALMS, KOPPO3US
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UDC 621.65.03
A.Ya. Krasilnikov (The Ural Federal University named after the first President of Russia B.N. Yeltsin,
Yekaterinburg, Russia); A.V. Ryaposov (Sverdlovsk Chemical Engineering Research Institute,
Yekaterinburg, Russia) E-mail: krasilnikov1951@yandex.ru, ryaposov@sniihim.ru
Corrosion and chemical resistance of materials based on silicon carbide for use in the
radiochemical equipment

The aim of the study was to determine the corrosion chemical resistance of silicon carbide (as a
construction material for slide bearing in the radiochemical equipment) in the environment of
decontamination solutions, particular attention is given to the assessment of resistance to alkali. For tests,
the main groups of solutions were used, which are used for decontamination of equipment, including the
main loop of a nuclear power plant. According to the test results, silicon carbide showed satisfactory
chemical resistance to diluted alkali.

Keywords: silicon carbide, decontamination, corrosion

YK 621.65
C.A. I'oposoii, kano. mexn. nayx, I.C. I'onosuenko (Cymckuii Hayuonanvuutii azpapnutii
YHusepcumem, 2. Cymol, Yxkpauna) E-mail: gorovyj64@gmail.com
Pe?.yJIbTaTbI AUHAMHUYECKHUX HCIBITAHMI CaMOYCTAHABJIUBAKIIMXCH B IIEJEBBIX YINIOTHCHUAX
POTOPOB HUJIMHAPUYECKON M IMCKOBOM KOHUrypauuu

FI/II[pO,I[I/IHaMI/I‘{eCKI/IMI/I CHJIaMH B HICJICBBIX YINIOTHCHUAX I_IeHTp06e>KHBIX HaCOCOB CO34a€TCA
CYIIECTBEHHOE BO3/ICHCTBIE HAa BHOPALIMOHHYIO aKTUBHOCTH POTOpa. B paboTe momyyeHst
OKCIICPUMCHTAJIbHBIC aMINNIUTYAHBIC YaCTOTHBIC XapaKTCPUCTUKU (AqX) BBIHYKACHHBIX paaruaJIbHO-
YIJIOBBIX KOJIEOAHUN CaMOYCTaHABJIMBAIOIIMXCS B IIEIEBBIX YIIJIOTHEHUSAX POTOPOB LMJIMHIPUUYECKOHN U
HHCKOBOﬁ TCOMCTPUUCCKUX KOH(I)I/IpraI_[I/Iﬁ IIPpH Pa3JIMIHBIX II€pCIIagax AaBJICHHA pa60qel71 KHUAKOCTHU Ha
YIUIOTHCHHUAX. ITo OKCIICPUMCHTAJIIbHBIM aMIUIUTYAHBIM YaCTOTHBIM XapaKTCPUCTUKAM POTOPOB
OMPCACIICHBI KPUTHUYCCKUC YIITIOBBIC CKOPOCTHU PaJUAIIbHBIX U YITIOBBIX KoaeOanuii POTOPORB B LICJIICBBIX
YIUIOTHCHHAX, a4 TaKKC I'PaHULbI UX ILI/IHaMI/I‘IeCKOfI yCTOfI‘II/IBOCTPI. TeopeTquCKI/Ie pacyCThl YIJIOBBIX
CKOPOCT el COOCTBEHHBIX paauaJIbHBIX U YITIOBBIX KoaeOanuii pOoTOpa B MICJICBBIX YINIOTHCHUAX, a4 TAKKEC
T'paHUIbI UX ,Z[I/IH&MI/I‘I@CKO?I YCTOﬁqHBOCTH XO0pouIo KOJIMYCCTBCHHO COBIIAIAIOT C SKCIICPUMCHTAJIbHBIMHA
JaHHBIMHA. CI[CJ'IaH BBIBOJI O OoJiee cTaOMIIBHBIX JUMHAMHUYCCKUX XAPAKTCPUCTUKAX )II/ICKOBOI\/'I
reoMeTPUUECKO KOH(PUTYpaIMy pOTOpa MO0 CPABHEHUIO C HMIMHAPUYECKOHN KOHpUrypanuei.

KuroueBble cjioBa: IICHTp06e)KHI>II71 HacocC, HICJICBOC YIINIOTHCHUEC, CaMOYCTaHaBHHBaIOMHﬁCﬂ
poTOop, THAPOANHAMHUYCCKUC CUJIbI, JABJICHUC JKUJAKOCTH, paIUaJIbHO-YTJIOBBIC Koae0aHus poTopa,
JUHaAMHU4YCCKast yCTOfI‘IHBOCTI), AMIUIMUTYAHAA 4aCTOTHAA XapaKTCPUCTHKA
UDC 621.65
S.A. Gorovoi, G.S. Golovchenko (Sumy National Agrarian University, Sumy, Ukraine) E-mail:
gorovyj64@gmail.com
Results of dynamic tests of cylindrical and disc-shaped rotors self-aligning in slot seals

Hydrodynamic forces in slot seals of centrifugal pumps create a significant effect on the
vibrational activity of the rotor. The authors of this work have obtained experimental amplitude
frequency characteristics (AFC) of forced radial-angular oscillations of self-aligning in slot seals of rotors
of cylindrical and disk geometric configurations at various pressure drops of the working fluid on the
seals. The experimental amplitude frequency characteristics of the rotors were used to determine the
critical angular velocities of the radial and angular oscillations of the rotors in slotted seals, as well as the
boundaries of their dynamic stability. Theoretical calculations of the angular velocities of the natural
radial and angular vibrations of the rotor in slotted seals, as well as the boundaries of their dynamic
stability, give a good quantitative agreement with the experimental data. The conclusion is made about
more stable dynamic characteristics of the disk geometric configuration of the rotor in comparison with
the cylindrical configuration.

Keywords: centrifugal pump, throat seal, self-aligning rotor, hydrodynamic forces, fluid pressure,
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radial - angular vibrations, dynamic stability, amplitude frequency response

VK 536.24; 712.66.0

B.b. Kynmouu, 0-p mexn. nayk, A.b. Cyxoukuii, kano. mexu. nayk (benopycckuii cocyoapcmeennutii
mexHonozuueckuii ynugepcumem, 2. Munck, Pecnyonuka benapycv); A.3. Iuup, 0-p mexn. nayk
(Cegepuotii apkmuueckuii gpedepanvhutit ynueepcumem um. M.B. Jlomonocoea, 2. Apxanzennck,
Poccusn); B.I1. Myaun (340 «Oxkmaopockxummanry, 2. Okmaopvckuit, Poccus) E-mail:
alk2905@mail.ru

TenﬂoaaponnHaanecxne XaAPaKTEPUCTUKHU INAXMATHBIX MIYYKOB peﬁpl/ICTbIX prﬁ C
HHTEeHCH(PUIUPOBAHHBIM TENJIO000OMEHOM B aNIAPATAX BO3AYIIHOI0 OXJIAKIEHHUS

[Ipoananu3upoBaHbl SKCTEHCUBHBIN U MHTEHCUBHBIN CIIOCOOBI YIIYUIICHUS YHEPT€TUUYECKUX U
00BEMHO-MACCOBBIX XapaKTCPHUCTUK TEIIO00OMEHHON CCKIMHU aIlrnapara BO3AYIIHOI'O OXJIAXKIACHUA.
HOKa3aHO, 4YTO BO3MOKXHOCTH MPUMCHCHUSA SKCTCHCUBHOI'O crocoba K HACTOAIICMY BPpECMCHU
MMPAKTUYCCKU UCUCPIIAHBI. 9(1)(1)6KTI/IB6H croco0 I/IHTeHCI/I(bI/IKaI_II/II/I KOHBEKTHBHOI'O TEIIOOOMEHA 110
BO3/yLIHOW CTOPOHE OUMETAIIMUECKO pedpucToil TpyOsl. IIpuBeneHbl TeXHUUECKHUE peLIeHUs
IMPUMCHUTCIILHO K CeprIHOMy IMpOU3BOACTBY I/IHTeHCI/I(bI/II_II/IPOBaHHBIX OMMETAIUNTHYECKUX pe6pI/ICTBIX
TpyO, B KOTOPBIX KPYTJIbIE allFOMUHHIEBBIE peOpa MOoau(UIIMPOBaHbI Ut HOpMUPOBaHHS TypOyIN3aTOPOB
BO3y1IHOTO noToka. Koadduuument rernnoBoit 3¢pheKTUBHOCTH yBenuuuBaeTcs a0 25 % npu
OIWMHAKOBBIX 3aTpaTax MOIIHOCTHU HAa NPHUBOA BECHTUIIATOPA. B Heu3sMeHHBIX ra6ap1/1Tme pasMepax
TCIJIOBAA MOIMHOCTS allllapaTa BO3AYIIHOI'O OXJIAXKACHU oOecrreunBaercs MeHpIUM Ha 20...25 %
YHUCJIOM OMMETAININYECKUX PEOPUCTHIX TPYO, COOTBETCTBEHHO CHUYKAETCS Macca arrapara.
C(bOpMan/IpOBaHBI PCKOMCHAAMH 110 HABHAYCHUIO OIITUMAJIbHBIX IIApaMCTPOB Typ6YJ'II/I3aT0pOB.
IpuBeneHb! ypaBHeHHs moxo6us B uHTepBae Re = (3...25)-10% ans Temmoornaun u
a’pOAMHAMUYECKOTO0 COIIPOTUBIICHMSI IIAXMATHBIX IyYKOB U3 OMMETAJUINYECKUX PEOPUCTHIX TPYO
OIITUMAJIBHBIX ITapaMCTPOB.

KiroueBble ¢JioBa: arnmaparbl BO3IYIIHOTO OXJIKICHUS, OMMETaIITNIecKast pedpuctas Tpyoa,
[IaxXMaTHBII IMy40K pr6, TCILUI00TAA4Ya, AOPOAMHAMHWYCCKOC COIIPOTUBIICHUC, TCIIJIOBAA 3(1)(1)6KTI/IBHOCTB
UDC 536.24; 712.66.0
V.B. Kuntysh, 4.B. Sukhotski (Belarussian state technological university, Minsk, Republic of
Belarus); A.E. Piir (Northern (Arctic) Fedral University of M.V. Lomonosov, Russia); V.P. Mulin
(ISC «Oktoberkhimmashy, Russia)

E-mail: alk2905@mail.ru
Heat and aerodynamic characteristics of chess bundles of ribbed tubes with intensified heat
exchange for air cooling apparatuses

Extensive and intensive ways of martempering of power and volume-mass characteristics heat
exchange sections of the apparatus of air cooling are analysed. It is shown that the extensive way by this
time settled the potential possibilities. The way of an intensification of a convective heat transfer on the
air party of bimetallic ribbed tube is effective. Designs with reference to batch production of the
intensified bimetallic ribbed tubes into which round aluminium ribs are modified to form air stream
turbulators are resulted. The factor of thermal efficiency increases to 25% at an equal expense of power
of the ventilating fan. In invariable gabarits the heat rating of the apparatus of air cooling is attained
smaller on 20...25% by quantity of bimetallic ribbed tubes, the weight of the apparatus accordingly
decreases. Recommendations to destination optimum parametres of turbulators are made. The similitude
equations in the interval Re = (3...25)-10° for a convective heat exchange and an aerodynamic resistance
of chess bundles from bimetallic ribbed tube optimum parametres are resulted.

Keywords: air cooling apparatuses, bimetallic ribbed tube; chess tube bundle; heat exchange;
aerodynamic resistance; thermal efficiency
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C.B. Kapnoe, A.O. I'nevos, kanouoamut mexu. nayk, C.B. Kapnywikun, 0-p mexu. nayk (Tamoosckuii
2o0cyoapcmeennblii mexnuueckuii ynueepcumem, Poccus)

E-mail: karp@mail.tstu.ru

I/Iccne}mBaHne 3(1)(l)eKTI/IBHOCT]/I KOHCprKHI/Iﬁ MAaCCUBHOTI'0 OXJIAXKACHUA METOAaAaMU
TOIOJIOTHYECKOM OIITUMMU3AIlUU

I/ICCJICI[OBaHa OINITUMHU3AIMA KOHCTPYKIUU paanraTopa ¢ CCTCCTBCHHBIM OXJIAXKICHHUCM.
PaCCMOTpeHO IIPUMCECHCHUEC S”V'P-MGTOI[& AJI PECUICHUA 3aaa4u TOITOJIOTUYECKOH OIITUMMH3AIINU
CTallMOHAPHOH TEIUIONPOBOJHOCTH IJIOCKOM TUIACTHHEI ¢ ycioBueM Jlupuxiie Ha O0KOBOM rpaHuIe U
PaBHOMECPHBIM TCIINIOBBIACICHUEM 10 BCEMY 06’BeMy. OnpeﬂeneHa réeoMETpusa ONTHMAJILHOU TOITIOJIOT'UH,
U3TOTOBJICH 00pasell paguaTopa Mo TEXHOJIOTHH ITPOBOJIOYHON JIEKTPOIPO3UOHHON pe3ku. MccnenoBana
3(1)(1)CKTI/IBHOCTB TEIIJIOOTBOAA AJIA TOIIOJIOTHYCCKU OIITUMU3HUPOBAHHOT'O paararopa U TpaaulluOHHBIX
peOPUCTBIX PaIuaTOPOB, PE3YNILTATHI IIPEACTABJICHBI B BUJIE TEMIIEPATYPHBIX MOJICH. Y CTaHOBJICHA
BBICOKAas 3(1)(1)CKTI/IBHOCTB TCIJIOOTBOAA B TOIIOJIOTHYCCKHU OHTI/IMI/I3I/IpOBaHHOI‘;1 KOHCTPYKIIMU pauaTopa
110 CPaBHEHUIO ¢ peOpucThiM paguatopoM. CHopMyTHpOBaHbl PEKOMEHIAIUH JJI MPAKTUUYECKOTO
IMPUMCHCHUA MOJYYCHHBIX PE3YJIbTATOB.

KiaroueBble ¢10Ba: TOMOJIOrHYECKash ONTUMHM3ALMS, CBOOOaHAs KoHBekIus, SIMP-Moaemn,
QJICKTPOIPO3MOHHAA PC3Ka, pe6pI/ICTBIe paauaTopbl, SKCIICPUMCHTAJIILHBIC UCCIICA0BAaHMA, TCIIIIOBU30D
UDC 62-253.001
S.V. Karpov, A.O. Glebov, S.V. Karpushkin (Tambov State Technical University, Russia) E-mail:
karp@mail.tstu.ru
Study of passive cooling designs efficiency by topological optimization methods

Optimization of design of radiators with natural cooling has been studied. The article discusses the
use of the SIMP method for solving the problem of topological optimization for stationary thermal
conductivity of a flat plate with the Dirichlet condition on the lateral boundary and uniform heat release
throughout the volume. Radiator with geometry of the optimal topology has been made using wire EDM
cutting technology. The results of the heat removal efficiency comparison for topologically optimized
radiator and traditional finned radiators are presented in form of their temperature fields. Studies have
shown the high efficiency of a topologically optimized heatsink design heat dissipation in comparison
with finned ones. Recommendations for the practical application of the results obtained are formulated.

Key words: topological optimization, free convection, SIMP model, EDM cutting, finned

radiators, experimental research, thermal imager
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Bblﬁop PACIOJOKCHUSA IllTI/l(l)Ta B 3KCpr3I/IOHHOi71 roJIOBKE VIl YJIYYIICHUA KaYeCTBa
10JIy4aeMoro npopuis

PaCCMOTpCHBI IMPUYIUHBI BOBHUKHOBCHU He(beKTOB B ITPOLECCEC MOJTYUCHUA ITOJIMMEPHBIX I/IBI[CJ'II/Iﬁ
METOJIOM 3KCTpY3HuH. [Ij1sl penieHns HEKOTOPBIX U3 MpoOJieM MpeIaraeTcs UCI0JIb30BaTh IITH(PTOBYIO
9KCTPY3UOHHYIO I'OJIOBKY. HpOBCI{CHO YUCJICHHOC MOACIINPOBAHUC TaKOH I'OJIOBKH C pa3jInuHbIM
pacnosnoxxeHnueM mrudra. [IpuBeneHbl H30KOHTYPBI CKOPOCTEH, NCXOS U3 KOTOPBIX CPOPMYITUPOBAHBI
PCKOMCHAANHU 110 PACIIOJIOKCHHUIO H_ITI/I(I)Ta B 3KCpr3HOHHOf/'I T'OJIOBKE.

KiaroueBnle ciioBa: IMMOJIMMEPEI, PC3HMHA, IIWHBI, YCPBAYHAA MAIIMHA, OKCTPY3UA, SKCTPY3UOHHAA
T'OJIOBKaA, I_I_ITI/I(I)T, N30KOHTYPbI CKOpOCTCfI
UDC 678.057.374.1
D.S. Dolgin, I.S. Gudanov, A.E. Lebedev, A.A. Vatagin (Yaroslavl State Technical University, Russia)
E-mail: dim_dol.94@mail.ru
Selection of the location of the pin in the extrusion head to improve the quality of the resulting
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profile
The article considers the causes of occurrence of defects in the process of extrusion of polymer
products. To solve some of the problems, the authors suggest using a pin extrusion head. Numerical
simulation of such a head with a different pin arrangement is carried out. The isocontures of the speeds
are shown, based on which recommendations are given for the location of the pin in the extrusion head.
Keywords: polymers, rubber, tires, worm machine, extrusion, extrusion head, pin, isoconture of

speeds
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J.C. /loneun, A.E. Jle6edes, 0-p mexn. nayk, H.C. I'yoanos, B.B. Bnacos, kanouoamuvt mexH. Hayk
(Apocnasckuii 2ocyoapcmeennslii mexnuueckuii ynusepcumem, Poccus) E-mail: dim_dol.94@mail.ru
JlaboparopHoe oopmiieHHe HcCIeI0BAHUSA MPOLECCA COIKCTPY3UHU NPO(PUILHBIX 3ar0TOBOK U3
PEe3UMHOBBIX cMeceil

[IpencraBieHb! yCTPOUCTBO M MPUHITUI ISHCTBUS JIA0OPATOPHOM YCTAHOBKH ISl HCCIICIOBAHUS
mponecca COOKCTPy3uun HpO(l)I/IJ'ILHBIX 3aroTOBOK M3 PE3NMHOBBIX cMece. Onpez[eneHLI TCOMCTPUYICCKH
XapaKTEPUCTHUKH I10JIy4aeMOI0 DKCTpyAara ¥ T’uIpOoJUHAMUYECKUE XapaKTEpUCTHK IIpoliecca
CO3KCTPY3UH C IPUMCHCHHUEM J'Ia60paT0pHOI71 YCTAHOBKH.

Knrwoueswie cnosa: 5xcTpy3usi, COIKCTPY3HUsl, IKCTPY3UOHHAS TOJIOBKA, MHOTOCJIOWHOE U3/IETUE,
na6opaTopHa;I YCTaHOBKa
UDC 678.027.3
D.S. Dolgin, A.E. Lebedev, I.S. Gudanov, V.V. Vlasov (Yaroslavl State Technical University, Russia)
E-mail: dim_dol.94@mail.ru
Laboratory design of the study of the process of profile blanks extrusion from rubber mixtures

The design and operation principle of laboratory unit for the study of the extrusion process of
profile blanks from rubber mixtures is considered. The geometric characteristics of the resulting extrudate
and the hydrodynamic characteristics of the process of coextrsion in laboratory unit are given.

Keywords: extrusion, extrusion, extrusion head, multilayer product, laboratory installation

NHOOPMAIIUA

Y]IK 678.053.3:[62-253:62-762](048.83)

H.O0. Mukynénox, 0-p mexn. nayk (Hayuonanvnotii mexnuueckuil ynusepcumem YKpaunot
«Kuesckuii nonumexnuueckuii uncmumym umenu Hzopa Cuxopckozo»)

E-mail: i.mikulionok@gmail.com

Kaaccndukanus ynioTHeHHH POTOPOB CMecUTe el 3aKPBITOr0 THIA JJIs IVIACTHYECKUX MAcCC H
Pe3uMHOBBIX cMeceii (0030p namenmog)

Pa3pa60TaHa KHaCCI/I(I)I/IKaLII/I}I y1'[J'I0THeHPII71 POTOPOB POTOPHLBIX cMecuTelei 3aKPBITOTO THUIIA IJIA
IPUTOTOBJICHUS IJIACTHUECKUX Macc U PE3MHOBBIX cMecell. BrinonHeH kputudeckuiit 0630p Hanboee
XapaKTEePHBIX KOHCTPYKIUHN YIUNIOTHEHUN POTOPOB POTOPHBIX CMECUTEIIEN 3aKPBITOTO TUIIA.

KuroueBsble ci10Ba: 11aCTU4ECKUE MACChl, PE3MHOBBIE CMECH, POTOPHBIN CMECHUTEIb 3aKPBITOIO
THUIA, POTOP, YIUIOTHEHHE, KJIacCU(PUKAINS, KOHCTPYKIUH
UDC 678.053.3:[62-253:62-762](048.83)

1.0. Mikulionok (National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”) E-mail: i.mikulionok(@gmail.com
Classification of rotor seals of internal mixers for plastics and rubber (survey of patents)

A classification of rotors seals of internal mixers for plastics and rubber is proposed. A critical
survey of the most characteristic seal designs of rotors seals of internal mixers for plastics and rubber is
realized.

Keywords: plastics, rubber, internal mixer, rotor, seal, classification, designs
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HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATALIUA

IMPOOECCHI U OBOPYJOBAHHUE
XUMHYECKHUX U HE®TEI'A30BBIX TEXHOJIOT U

YK 666.9.022.3
A.I. Kapnos, M.C. Bacuauwiun, 0-p mexu. nayk, O.C. Heanoe, A.A. Kyxnenxo, C.E. Opnos,
Kanouoamul mexu. Hayk (Mucmumym npoonem xumuko-snepzemuueckux mexuonozuii Cudupckozo
omoenenusn PAH, 2. buiick, Poccus); A.I'. Osuapenko, 0-p mexu. nayk (buiickuii mexnonozuueckuii
uncmumym (punuan) Anmaiicko2o 20cyoapcmeeHH020 mexHuieckoz2o ynueepcumema um. H.U.
Ionsynosa, 2. Buiick, Poccus) E-mail: ipcet@mail.ru, tmk@bti.secna.ru
K OIICHKE yCTOﬁqHBOCTH TCIJIOBBIX PEKUMOB HUTPOBAaHUS 2-3THJITeKCaHo0J1a

HpoaHaJ'II/ISI/IpOBaHa YCTOI\/'I‘II/IBOCTL CTalMOHAPHLBIX TCILIOBBIX PCKUMOB ITPOLHCCCa HUTPOBAHUSA 2-
ATUJITEKCaHoJIa B JaOOPAaTOPHOM YCTAaHOBKE C IIEHTPOOESKHBIM MAaCCOOOMEHHBIM anmapaToM.
YcTaHoBIIEHO, YTO B XOJIe HUTPOBAHUS CIIUPTA MpH TeMIiieparypax ot 273 no 293 K obecnieunBaercs
CTaOUIIBHOCTDb ITPOTEKAaHUsI XMMHUECKOH peakuyu. B nuanasone temnepatyp ot 285 1o 293 K Bbixog
IEJIEBOT0 MPOAYKTA (2-3THIreKCUIIHUTpaTa) nocturaet 92 % npu uucrore 10 99,4 %.

KiaroueBnle ciioBa: 2-3TI/IHF€KC21HOJI, HUTPOBAHHUC, TCIJIOBAA YCTOfIqHBOCTB nponecca, 1M3CJIbHOC
TOIIJINBO
UDC 666.9.022.3
A.G. Karpov, M.S. Vasilishin, O.S. Ivanov, A.A. Kuhlenko, S.E. Orlov (Institute for Problems of
Chemical and Energetic Technologies of the Siberian Branch of the Russian Academy of Science,
Biysk, Russia); A.G. Ovcharenko (Byisk Technological Institute (branch) of Polzunov’s Altay State
Technical University, Biysk, Russia)
E-mail: ipcet@mail.ru, tmk@bti.secna.ru
To the estimation of the stability of thermal regimes of 2-ethylhexanol nitration

Stability of stationary thermal regimes of nitration process of 2-ethylhexanol in the laboratory-
scale plant with a centrifugal mass-transfer apparatus is analyzed. It is established, that during spirit
nitration at temperatures from 273 to 293 K stability of a chemical transformation is secured. Over the
range temperatures from 285 to 293 K the yield of a target product — 2-ethylhexylnitrate attains 92 % at
purity to 99,4 %.

Keywords: 2-ethylhexanol, nitration, thermal stability of process, diesel fuel

YK 66.081.6
C.B. Kosanes, 0-p mexu. nayx (Tamooeckuii 2ocyoapcmeennsiit ynueepcumem umenu I'.P.
Jepacasuna, Poccus) E-mail: sseedd@mail.ru;
O.A. Kosanesa, 0-p mexn. nayk (Tamboeckuii cocyoapcmeennutii ynugepcumem umenu I.P.
Hepocasuna, Tamoosckuii 2ocyoapcmeennvlii mexuuueckuil ynugepcumem, Poccus) E-mail:
solomina-oa@yandex.ru
YcoBepIeHCTBOBAHHASI KOHCTPYKIHMS 3JIEKTPOXHUMHUYECKOT0 MEMOPAHHOI0 anmnmapara Tpyo4aroro
THUIA U METOUKA pacyeTa NapaMeTpoB annapara

[IpennoxeHa yCOBEpIICHCTBOBAHHAS KOHCTPYKIIHS AIEKTPOXHUMHYECKOTO MEMOPAHHOTO
anmapara TpyouaToro tumna ains 3¢p(GHeKTUBHOTO pa3AeNeHUs] paCTBOPOB XUMUUYECKHUX,
MAaIlIMHOCTPOUTECIIbHBIX, arponepepa6aTLIBa}01uHX IIPOMU3BOJCTB, OTIINYAIOIIAACA NPUMCHCHHUEM TPEX
WIMHIPUYECKUX CETOK-TypOYIH3aTOPOB B KaMepe pa3AelieHus: pacTBopa (/s ”HTEHCUBHOTO
MepeMENINBaHUs PACTBOPA) U IPUMEHEHUEM PE3b00BOTO COCTMHEHUS MITYI[EPOB MPU MOHTAXKE K
TpYOOIIPOBOHOI apMaType B3aMeH (praHIeBOro coeAnHeHus (Kak B aHanorax). [Ipemioxkena MmeTonruka
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pacueTa TeXHOJIOTHYECKUX MTapaMeTPOB JIEKTPOXUMHUECKOT0 MEMOPAHHOTO anmnapaTa TpyoyaToro THIa,
TaKUX Kak 00IMiA 00bEM pa3iessieMoro pacTBopa, 00IIast IIIOIIaab W IUIOIIAIA MTPUKATOTHBIX,
NPUAHOTHBIX MEMOpaH.

KuroueBble ciioBa: MmeMOpaHa, KOHCTPYKIIHSI, allllapat, pacueT, pacTBOp, pa3AciiCHUE
UDC 66.081.6
S.V. Kovalev (Derzhavin Tambov State University, Russia) E-mail: sseedd@mail.ru;
O.A. Kovaleva (Derzhavin Tambov State University, Tambov State Technical University, Russia) E-
mail: solomina-oa@yandex.ru
Improved design of a tubular electrochemical membrane apparatus and a method for calculating
the parameters of the apparatus

An improved design of a tubular-type electrochemical membrane apparatus for the effective
separation of solutions of chemical, machine-building, and agro-processing industries is proposed, which
is distinguished by the use of three cylindrical mesh-turbulators of various diameters placed in the
solution separation chamber for intensive mixing of the solution and a threaded connection of fittings
when mounted to pipeline valves instead of a flange connection (as in analogues). A method for
calculating a tubular-type electrochemical membrane apparatus is proposed, which makes it possible to
determine its technological parameters such as the total volume of the solution being separated, the total
area and areas of cathode and anode membranes.

Keywords: membrane, construction, apparatus, calculation, solution, separation

YK 622.276.8
E.B. Cemenos, H.A. Huxumun, dokmopa mexu. nayk, C.H. Yeoomapeas, 0-p ¢pus.-mam. nayx, B.A.
Hpxa, kano. ¢u3s.-mam. nayk (Mockoseckuii 2ocyoapcmeeHHblil yHUGEPCUnen mexHoao2uil u
ynpaenenus umenu K.I'. Pazymoeckozo, Poccus);
B.A. Kapam3un, 0-p mexu. nayk (000 AI'POMAIII, Mockea, Poccus)
E-mail: sem-post@mail.ru
Pacuer nmpouecca pa3aeseHusi MHOro(pa3Hoil JUCIIEPCHOI CHCTEMbI B TOPU30HTAJIbHOM
rPaBUTALMOHHOM BO31YLIHOM KJIacCH(pUKaTOpe

Ha 0Oaze (1)I/I3I/IKO-MaTeMaTquc1<or0 MOJIEJIMPOBAHUS KHUHETUKH B3BEIIEHHOW B CHOCSIIEM
TOPHU3OHTAJIBHOM BO3JYIIHOM ITOTOKE HpO6HOﬁ qaCTHULbI B 3aBUCHUMOCTHU OT HeﬁCTByIOMHX Ha HCC
CHUJIBI A3POAUMHAMHNYCCKOI'0O COIMMPOTUBIICHUA U CUJIbI TAXKCECTHU ITPOBEACH KOJHUYECTBEHHLIN aHAIN3
KHHCMAaTUYCCKUX XaAPAKTCPUCTUK YaCTUIIBI. Hpe,[[J'IO)KeH pacyueT IMPOTCKAaHUA ITPOoLeCca
(1)paKIII/IOHI/Ip0BaHI/I$I CMCECH U3 pasiiInYarOmMXCAa MO0 MEXaHUICCKUM U TCOMETPUICCKUM CBOMCTBaM
YacTull B rpaBUTAHUOHHOM HHCBMO(bpaKI_II/IOHI/I]Dy'I-OH_ICM ychOﬁCTBe.

KuaroueBble cioBa: QppakunoHupoBanrue, MHOrogaszHas JUCIepcHasi CUCTEMa, TOPU30HTAIbHBIN
I'paBUTAllMOHHBIN BO3YIIHBIN KilacCHpUKATOP
UDC 622.276.8
E.V. Semenov, I.A. Nikitin, S.N. Chebotarev, V.A. Irkha (K.G. Razumovsky Moscow State University
of technologies and management (the First Cossack University, Russia); V.A. Karamzin
(AGROMASH LLC, Moscow, Russia) E-mail: sem-post@mail.ru
Calculation of the separation process of a multiphase dispersed system
in a horizontal gravity air classifier

On the basis of physical and mathematical modeling of the kinetics of a test particle
suspended in the carrying horizontal air flow, depending on the force of aerodynamic drag and
gravity acting on it, a quantitative analysis of the kinematic characteristics of the particle is carried
out. It is proposed to calculate the course of the process of fractionation of a mixture of particles
differing in mechanical and geometric properties for the projected gravitational pneumatic
fractionation device.

Keywords: fractionation, multiphase dispersed system, horizontal gravity air classifier

YK 66.081.6
C.U. Jlazapes, O.A. Abonocumos, 0okmopa mexn. nayk, H.B. Xopoxopuna, kano. mexn. nayx, M.H.

www.himnef.ru - caiit xxyprana «Xumuueckoe 1 Hedrerazosoe MammHOCTpoOCHHE,
www.intecheco.ru - caiit koHbepeHuui 11 MPeANPHATHIl YHEPreTUKH, METAIUTYPIHH, He(TEra30Boi 1 XUMHUYECKON OTpacieit


http://www.himnef.ru/
http://www.intecheco.ru/

*Hry,

&5 AHHOTALMH cTaTell KypHaja «XuMHYecKoe H He)Tera3oBoe MalImHOCTpoeHne» 3a 2022 r.

Muxaitnun, A.A. Opnoe (Tamboseckuii cocyoapcmeennvlit mexnuyveckuil ynueepcumem, Poccus) E-
mail: kotelnikovirina@yandex.ru
DiieKkTpodapoMeMOpaHHbIii annapaT PyJIOHHOI0 THIIA C YBeJIH4eHHOH 3(PPeKTHBHOCTHIO
pa3aeeHus NPOMBINLIEHHBIX PACTBOPOB U METOAUKA €ro pacyera

Pazpabotan >nexkTpobapoMeMOpaHHBbIii anmapar pyJIOHHOTO THIIA C YBEIIMYSHHOM
3(PEeKTUBHOCTHIO pa3eiIeHHs pacTBOPOB (3a cueT qudPpepeHIMPOBaHHOTO OTBO/IA MPUKATOTHOTO
nepmMmeara u ipuaHogHOro peTeHTara B 3aBUCUMOCTH OT CXEMbI HOAKIHOUCHUA — aHOA UJIN KaTOII).
Pa3zpaboTrana MeTonuka pacuera 31eKTpoOapoMeMOPaHHOTO alapaTa PyJIOHHOTO THIIA JIJIS Pa3eICHHs
IMPOMBIIIJICHHBIX PACTBOPOB, COACPKAIIMUX MOHBI IUHKA, MCIIH, K06aJIBTa W HUKCJIA, IPOBCICHA OLICHKA
SKOHOMHUYECKOH A (PEKTUBHOCTH AIEKTPOOAPOMEMOpPAHHON YCTAHOBKHU MTOCPEICTBOM pacuera 001ero
pacxoja SHEpruu, HeOOXOUMOH JIJIsl IPOBECHHMSI IIPOIIECCa Pa3IeJICHIs TEXHOJIOTHIECKOTO pacTBopa,
COACPKAIICTO NOHBI TAXEIIBIX METAJITIOB.

KiroueBble cjioBa: MeToanKa, MeMOPaHbI, PYJIOHHBIH 3JIEMEHT, JIEKTpoOapoMeMOpaHHas
YCTAaHOBKA, pacXoJ SHEPIUr, HOHBI TAXKECIIbIX METAJIJIOB.
UDC 66.081.6
S.1. Lazarev, O.A. Abonosimov, 1.V. Khorokhorina, M.I. Mikhailin, A.A. Orlov (Tambov State
Technical University, Russia) E-mail: kotelnikovirina@yandex.ru
Roll-type electrobaromembrane apparatus with increased efficiency of separation
of industrial solutions and a method for its calculation

A roll-type electrobaromembrane apparatus has been developed with an increased efficiency of
solution separation (due to differentiated removal of cathode permeate and anode retentate, depending on
the anode or cathode connection scheme). A method for calculating a roll-type electrobaromembrane
apparatus with an increased separation efficiency of industrial solutions containing zinc, copper, cobalt
and nickel ions has been developed, and an assessment of the economic efficiency of an
electrobaromembrane installation has been carried out by calculating the total energy consumption
required to carry out the separation process of a process solution containing heavy metal ions.

Keywords: technique, membranes, roll element, electrobaromembrane installation, energy
consumption, heavy metal ions

YK 66.081.6
0.A. Abonocumos, C.HU. Jlazapes, 0okmopa mexn. nayx, Il.A. Xoxnoe (Tamboeckuii
2ocyoapcmeennblil mexuuveckuil ynugepcumem, Poccus); B.B. Mamonmos, kano. mexu. nayk (000
«Cnexkmpy, 2. Tambos, Poccus) E-mail: mig@tstu.ru
DileKTpodapoMeMOpaHHbIi annapaT TPy04aToro TMIA ¢ PABHOMEPHOH IJI0IAAbI0 GUIbLTPAUH
AJIA OYUCTKHU CTOYHBIX BOJ FaJIbBAHUIECCKUX ITPOU3ZBOACTB M METOAUKA €I0 pacduera

ITpuBeneHs! pe3yabTaThl pa3paboTKU JIEKTPOOapOMeMOpaHHOTO amnapara TpyoyaToro Tumna (c
PaBHOMEPHOH TUIOIIAAbI0 (GUIBTPAITUH) T OYUCTKU TEXHOJIOTUUYECKUX PACTBOPOB U CTOUYHBIX BOJT
TaJIbBAHUYCCKUX IIPOU3BOICTB. HpeI[CTaBJ'IeHa METOANKA MHKCHCPHOI'O pacucTa npennaraeMoﬁ
NEePCIEKTUBHON KOHCTPYKIUU 3JIEKTPoOapoMeMOpaHHOro armnapara ¢ TpyouaTsiMu GUIbTPYIOIIUMHU
QJIEMCHTaMU JIA pCaJin3allud OYUCTKU TCXHOJIOTHUCCKHUX PACTBOPOB U CTOYHBIX BOJ T'aJIbBAHUYCCKUX
IIPOU3BOJICTB C YUETOM KOHCTPYKTHBHBIX OCOOEHHOCTEN anmnapara U 3aBUCUMOCTH pacxojia IepMeara oT
napaMeTpoOB IIpouecca pa3aCiIICHU.

KuroueBsble cjioBa: 3neKkTpobapoMeMOpaHHbIN annapar, TEXHOJIOTHYECKUE pacTBOPHI,
(I)I/IJ'H:Tp}IIOIJ_[I/IC QJICMCHTHI, IICpMEaT, IPOHUITACMOCTb.
UDC 66.081.6
O.A. Abonosimov, S.I. Lazarev, P.A. Khokhlov (Tambov State Technical University, Russia); V.V.
Mamontov (LLC Spectr, Tambov, Russia) E-mail: mig@tstu.ru
Tubular electrobaromembrane apparatus with uniform filtration area for treatment of galvanic
industries wastewater and method for its calculation

The results of the development of a tubular electrobaromembrane apparatus (with a uniform
filtration area) for the treatment of process solutions and wastewater from electroplating industries are
presented. A technique for engineering calculation of the proposed advanced design of an
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electrobaromembrane apparatus with tubular filter elements for the implementation of the purification of
technological solutions and wastewater from electroplating industries is presented, taking into account the
design features of the apparatus and the dependence of the permeate flow rate on the parameters of the
separation process.

Keywords: electrobaromembrane apparatus, technological solutions, filter elements, permeate,
permeability

KOMIIPECCOPBI. HACOCBI. TPYBOIIPOBOJHASA APMATYPA

YK 621.512

B.E. ll]epoa, 0-p mexn. nayx, I.E. @uaunnoe (Omckuit 2ocyoapcmeenHblilt mexHu14ecKuil
ynueepcumem, Poccus) E-mail: Scherba V_E@list.ru

CpaBHUTe/IbHBIH aHATU3 3Q(PEeKTUBHOCTH 1IeJIE€BbIX YIIJIOTHEHUIl, MPUMEHsIEMBIX B MOPIIHEBBIX
THOPHUIHBIX JHEPTreTHYECKUX MAMMHAX 00beMHOT0 1€ CTBUSA

OmnpeneneHbl MacCOBBIE PAcX0 Ikl KHUIKOCTH 32 OAMH PaOOYMil UK MOPIIHEBON THOPHIHON
SHEPreTUYeCKON MallluHbI 00bEMHOTO JACUCTBUSA JUIS TPEX BUOB IIEIEBBIX YIUIOTHEHHI: TI1aJIKOTO,
CTYNEHYaTOro U KOHYCHOT0. Ha OCHOBaHMH T€OPETUUECKOTO MCCIIEIOBAHUSI MACCOBBIX TTIOTOKOB
KUJKOCTHU, TIOCTYTAIOIIUX U3 HACOCHOM MOJIOCTH B KOMITPECCOPHYIO U OOPATHO, MPH JIAMUHAPHOM
TEUYEHUH KUJKOCTH MTPOBEICHO CpaBHEHUE () (HEKTUBHOCTH MOPIITHEBBIX YIDIOTHEHUNA. Y CTAHOBJICHO, YTO
3HaUEHUE COOTHOIICHUSI PACXO/I0B KHUAKOCTH B IPSIMOM M OOpaTHOM HAIIPABJICHUAX IS
KOHYCOOOPa3HOTO MIEJIEBOTO YIIJIOTHEHHS CYIIECTBEHHO BBIIIE, YEM JJIS IJ1aJKOTO U CTYIIEHYaTOTO
IEeNIEBBIX YIJIOTHEHUHN, YTO MO3BOJISET PEKOMEHI0BaTh KOHYCHOE IIeNIEBOE YIUIOTHEHUE [
HCII0JIb30BaHUA B ITOPIIHECBBIX FI/I6pI/I[[HI)IX OHEPICTHYCCKUX MallhnHaX 00BEMHOIO HGI;'ICTBI/Iﬂ C BBICOKHUM
JaBJICHUEM HAarHETaHUs B KOMIIPECCOPHOM CEKIIMM U HU3KUM JIaBICHUEM HarHETaHUsI B HACOCHOU
CEeKIIHH.

KuroueBble cjioBa: nmopinHeBasi THOpHUIHAS YHEPreTUYECKas MallliHa 00bEMHOTO JIEHCTBUS,
MOPIIIHEBBIC YIUIOTHEHUS, TJIAJIKOE IIEJIEBOE YIUIOTHEHHE, CTYIIEHYATOE IIEJICBOE YIUIOTHEHHE, KOHYCHOE
HIeJIeBOE YIUIOTHEHHE, COOTHOIIEHUE PACXOJI0B KUAKOCTEN
UDC 621.512
V.E. Shcherba, G.E. Philippov (Omsk State Technical University, Russia)

E-mail: Scherba_V_E@list.ru
Comparative analysis of the efficiency of slot seals used in volumetric piston hybrid power machines

The paper considers the determination of the mass flow rate of a liquid in one working cycle of a
volumetric reciprocating hybrid energy machine for three types of slot seals: smooth, stepped and conical.
Based on a theoretical study of the mass flows of liquid flowing from the pumping cavity to the
compressor and back, with laminar fluid flow, a comparison of the efficiency of piston seals was carried
out. It was found that the value of the ratio of fluid flow in the forward and reverse directions for a cone-
shaped slot seal is significantly higher than for smooth and stepped slot seals. This makes it possible to
recommend a conical slot seal for use in reciprocating hybrid volumetric power machines having a high
discharge pressure in the compressor section and a low discharge pressure in the pumping section.

Keywords: reciprocating hybrid volumetric energy machine, piston seals, smooth slot seal, stepped
slot seal, conical slot seal, ratio of fluid flow

ABTOMATU3AIIUA PACYHETOB U ITPOEKTUPOBAHUA

YK 66.026.2

A.B. Ilposopos, A.A. Ilasnos, kanouoamul mexu. nayk, A.E. J/levedes, 0-p mexn. nayk (Apocnaeckuii

2ocyoapcmeennslii mexuuueckuii ynugepcumem, Poccusn)

E-mail: provorovav@ystu.ru

HccnenoBanue padoThbl NOABUKHBIX KOPILYCHBIX OIIOP TEXHOJIOTMYECKUX TPYOONIPOBOI0B
[IpuBeneHb pe3yabTaThl YUCIECHHOTO UCCIIETOBAHMS pa0OThI IPUBAPHBIX MOABUKHBIX KOPITYCHBIX
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OIIOp TEXHOJOTUYCCKUX pr6OHpOBO£[0B. Brimonnena OIICHKA BJIUAHUA KOHCTPYKTUBHLIX MMAPaAaMCTPOB U
CTEIEHH CITOJI3aHUs OTIOP C TIOJIONMOPHON KOHCTPYKITMU HA UX HAMPSHKEHHO-Ie(hOPMUPOBAHHOE
COCTOSIHUE. Y CTAHOBJICHO CYIIECTBEHHOE BIMSHUE TAKMX IApaMETPOB, KaK )KECTKOCTh CTCHKH TPYOBI,
BBICOTA OIIOPEI, BEIMYKMHA U PaCIIOJIOXKCHUE 30HbI KOHTAKTa C HO,Z[OHOpHOﬁ KOHCTpYKHHeﬁ Ha
pabotocioco6HOCTH onopsl. [losyueHHbIe pe3yabTaThl MOTYT OBITh ITOJIE3HBI IIPH TPOSKTUPOBAHUU OIIOP
TpyOOIIPOBOIOB.

KuiroueBble ¢JioBa: OMIOPBI, TPYOOIIPOBOIBI, )KECTKOCTh, IPOYHOCTD, HAMPSHKECHHUE, PACUETHI,
IIPOCKTUPOBAHHUE
UDC 66.026.2
A.V. Provorov, A.A. Pavlov, A.E. Lebedev (Yaroslavl State Technical University, Russia) E-mail:
provorovav@ystu.ru
Study of the operation of movable hull supports of technological pipelines

The article presents the results of a numerical study of the operation of welded movable body
supports of technological pipelines. An assessment of the influence of design parameters and the degree
of sliding of the supports from the support structure on their stress-strain state has been carried out. It has
been established that such parameters as the stiffness of the pipe wall, the height of the support, the size
and location of the contact zone with the support structure can have a significant effect on the operability
of the support. The results obtained can be used in the design of pipeline supports.

Key words: supports, pipelines, stiffness, strength, stress, calculations, design

YK 620.178.4/.6
C.B. Kapnos, A.O. I'nedoe, kanouoamur mexu. nayx, C.B. Kapnywikun, 0-p mexu. nayk (Tamooeckuii
20cyoapcmeennblil mexnuueckuil ynueepcumem, Poccus)
E-mail: karpushkin.sv@mail.tstu.ru
I/ICCJIeJIOBaHHe BJIMAHUA BHyTpeHHeﬁ CTPYKTYPbI TOINOJOTIHIECCKHA OIITUMHU3UPOBAHHBIX
KOHCTPYKIHIi HA X HANPSZKeHHO-1e()OPMUPOBAHHOE COCTOSTHIE

Hcnonp3oBanue Tononornyeckoit ontumuszanuu (TO) B O0OJIBIIMHCTBE CIIy4yaeB OrPaHUYUBAETCS
TCOPCTUUICCKUMU HUCCIICAOBAHUAMU, TAK KaK PE3YJIbTATOM PCHICHUA 3a1a1 TO, KaK IIpaBHJIO, SABJISACTCA
CJI0KHas HeperyisipHas reoMeTpusi. CoBpeMeHHbIe aJINTHBHBIE TeXHOIOTHH (AT) mo3BossioT
HaNpsAMYIO NEpeNTH K MpakTHueckoMy npuMeHeHuio TO 6e3 mpeaBapuTebHOW NHKEHEpHOU
npopaboTku pemenus. [lepcrekTuBHON 0cO0eHHOCTHIO AT SIBIIIETCS BO3MOKHOCTD MOTYYSHUS
HOpHCTOﬁ BHYTpeHHeﬁ MaKpOCTPYKTYPbI HS,HGHHIZ, KOTOPYHO MOKHO HUCIIOJIB30BATh IJIA ONITUMHU3AIINN UX
MaccChl MPU BO3JACHCTBUHU U3THOAIONINX HATpy30K. B manHo# padoTe pemaercs 3a1aya MUHUMHA3AIAN
nojatinuBoctu Oanku Meccepumurra — bénbkosa — bioma (MBB). Tononornuecku onTuMu3upoBaHHast
KOHCTPYKIHA OblJ1a U3rOTOBJIEHA U3 IIJIACTHUKA IO TEXHOJIOTUH MOCIOWHOr0 HaIlJIaBICHUS Marcpuaja.
HpOI/I3Be,[[eHa OLICHKA BOCIIPOU3BOANMOCTH CBOMCTB HBHCHHP’I, peaIn30BaHbl CTAHAAPTHBIC TPEXTOUCHYHBIC
WCIILITAHUS Ha U3TH0 IIpU pa3JINYHBIX BHOAX BHYTpeHHefI MOPUCTOCTU U 3HAYCHUAX OOJIU BHYTPCHHETO
3aIl0JIHCHUS, a TAKXKEC OPUCHTALUHU ITIOP B IPOCTPAHCTBC. HOKa3aHO, YTO UCIIOJB30BaAHUC BHYTpeHHCﬁ
HOpHCTOﬁ CTPYKTYPBI ABJIACTCA NEPCICKTUBHBIM IMOAXOA0M, MMO3BOJIAIOIIUM CHU3UTH MaTCPpHUATTOCMKOCTD
IMpU COXPAHCHUHN MPOYHOCTHBIX XapPAKTCPUCTUK HU3ACIINA.

KiaroueBble cJ10Ba: TOIIOJIOrHYECKas OINITUMMU3AI A, AJAUTHUBHBIC TEXHOJIOTHUH, ITOPUCTAA
CTpYyKTypa, 6anka Meccepimurra — bénbkosa — bioma
UDC 620.178.4/.6
S.V. Karpov, A.O. Glebov, S.V. Karpushkin (Tambov State Technical University, Russia) E-mail:
karpushkin.sv@mail.tstu.ru
Study of the effect of the internal structure of topologically optimized frame on its stress-strain
state

The use of topological optimization (TO) in most cases is limited to theoretical studies, since the
result of solving TO problems, as a rule, is a complex irregular geometry. Modern additive technologies
(AT) allow you to go directly to the practical application of TO without preliminary engineering
solution’s study. A promising feature of AT is the possibility of obtaining a porous internal products’
macrostructure, which can be used to optimize their mass when exposed to bending loads. In this paper
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solving the minimizing problem of the Messerschmitt — Bolkov — Blom (MBB) beam’s pliability. The
topologically optimized design was made of plastic using the material layer-by-layer fusion technology.
An assessment of the product properties’ reproducibility was obtained, and standard three-point bending
tests were implemented for various types of internal porosity and values of internal filling’s fraction, as
well as the orientation of pores in space. It is shown that the use of an internal porous structure is a
promising approach to reduce material consumption while maintaining the strength characteristics of the
product.

Keywords: topological optimization, additive technologies, porous structure, Messerschmitt —
Bolkov — Blom beam

IMPOMBIIIIVIEHHA S OKOJIOI'UA

YK 66.096.5
A.B. Muxanes, O.10. Munoeanos, /I.B. Knumos, P.JI. Hcvemun, kanouoamul mexu. nayx, B.C. Kox-
Tamapenxo, A.B. Heovieaes (Tamobosckuit 2ocyoapcmeennvlil mexHudeckuii ynusepcumem, Poccus);
@. Taubom, PhD (Opti’Tech, 2. Jleinyuez, I'epmanus) E-mail: penergy@list.ru, fouzi.tabet@gmail.com
IHony4yenne OMOYIJIsA M APYTrUX NPOAYKTOB C BHICOKOH 100ABJIEHHON CTOUMOCTBIO U3 OMOMACCHI
MeTO/0M BJIAKHOM ToppeduKkannm B KUNSAIIEM CJ10€e B cpe/ie eperperoro BOASHOIo napa

O60cHOBaHBI TPEUMYILIECTBA BIAKHOMN ToppeduKanny OMoMacchl MeperpeThiM MapoM B KUTIAIIEM
CJIOC 11O CPAaBHCHUIO C TPAAUTTHOHHBIM MCTOAOM FHIIpOTCpMaJIbHOfI Kap60HI/I3aIII/II/I. HCCJICI[OBaHO
BJIUSHUC TEMIICPATYPhI BJIAXKHOH T Oppe(bI/IKaI_II/II/I Ha XMMHYECKHM COCTaB 6H0yl"J'ICI71, IMMOJIYYCHHBIX U3
CKOpITyTIBI OpexoB ((yHIyKa) METOIOM TOppe(HUKALNY B KUIISIIEM CIIO€ B CPEIe IEPErPETOro BOASTHOTO
napa, Ha paKIHMOHHBIN cCOCTaB OMOYTIIeH, Ha XUMUYECKHI cOCTaB KOHJIeHcaTa (M0O0YHOTO MPOAYKTa
mpoiiecca).

KuroueBble ciioBa: BnaxHas ToppeduKanus, KUIAIIUN ClIoi, 0Moyrosb, KOHAEHcaT, buomMacca
UDC 66.096.5
A.V. Mikhalev, O.Yu. Milovanov, D.V. Klimov, R.L. Isemin, V. S. Kokh-Tatarenko, A.V. Nebyvaev
(Tambov State Technical University, Russian Federation); F. Tabet (Opti’Tech, Leipzig, Germany) E-
mail: penergy@list.ru, fouzi.tabet@gmail.com
Obtaining biochar and other products with high added value from biomass by wet torrefaction in a
fluidized bed in an environment of superheated water vapor

The advantages of wet torrefaction of biomass by superheated steam in a fluidized bed compared
to the traditional method of hydrothermal carbonization are substantiated. The influence of wet
torrefaction temperature on the chemical composition of biochar obtained from nut shells (hazelnuts) by
torrefaction in a fluidized bed in an environment of superheated water vapor, on the fractional
composition of biochar, and on the chemical composition of condensate (a by-product of the process) has
been studied.

Keywords: wet torrefaction, fluidized bed, biochar, condensate, biomass

YK 62-634.5
/I.B. Aumonoes, B.B. /lopoxos, I.C. Hawmuna, kano. mexu. nayx, /[.C. Pomanoe (Hayuonanonouii
uccneoosamenvckuit Tomckuit nonumexuuueckui ynusepcumem, Poccus) E-mail: gsn1l@tpu.ru
IIpenenbHbIe YCJI0BHA 32KUTAHUSL M BpEMEHHbIE XapaKTEPUCTUKH FOPeHHUs KameJb KUIKUX
OMOTOIINB

[IpuBeneHbl pe3yabTaThl HKCIEPUMEHTANBHBIX MCCIECJOBAHUN XapaKTEPUCTUK 3aKUTAaHUS U
TOPEHUs Karelb XKUIKUX OMOTOIIMB. B KauecTBe OCHOBHBIX KOMIIOHEHTOB TOIUIMB HCIOJb30BAaHbI:
parncoBoe Macjo, BojAa, oniku. OCHOBHbIE PETUCTPUPYEMBIE XapaKTEPUCTUKU MPOLECcca: MUHUMAaJIbHAs
TeMIlepaTypa 3aXXUTaHUs, MPOJODKUTEIBHOCTh 3aJCpKKH Ta30(a3HOT0 W TETEPOreHHOTO TOpPEHUS,
JUTUTETBLHOCTh TopeHus. OnpeaeneHsl yciaoBus 3G(HEeKTUBHOTO B 0€30MacHOT0 HHUIIMUPOBAHUS TOPEHUS
MEePCIEKTUBHBIX KUAKUX OMOTOIIMB. OmpeseseHpl MPEeuMYINecTBa UCIOJIb30BAHMS OMOTOIUTHB TIEPe]T
CYCIIEH3MOHHBIMH TOILJIMBAMH Ha OCHOBE TPAAWIIMOHHBIX SHEPTOPECYPCOB U OTXOAOB HX MEPEepadOTKH U
oOoraieHus.
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KiroueBble cjioBa: xujakue OUOTOIUIMBA, CYCIICH3UH, SMYIbCUH, KAIUId U YaCTHUIIBl TOILIHB,
3aXXUT'aHUEC, BPEMA 3aICPKKHU 3a)KUT'aHUSA, JJTUTCIIBHOCTh T'OPCHHUA
UDC 62-634.5
D.V. Antonov, V.V. Dorokhov, G.S. Nyashina, D.S. Romanov (National Research Tomsk Polytechnic
University, Tomsk, Russia) E-mail: gsn1@tpu.ru
Limiting ignition conditions and combustion characteristics of liquid biofuel drops

The results of experimental research of the ignition and combustion characteristics of a liquid
biofuels droplets are presented. As the main components of the fuels used: rapeseed oil, water, sawdust.
The main recorded characteristics of the process: minimum ignition temperatures, delay times of gas-
phase and heterogeneous combustion, combustion duration, maximum combustion temperatures. The
conditions for efficient and safe initiation combustion of promising liquid biofuels are determined. The
advantages of using biofuels in comparison with suspension fuels based on traditional energy resources
and waste from their processing and enrichment are determined.

Keywords: liquid biofuels; suspensions and emulsions; drops and particles of fuels; ignition;
ignition delay times; burning duration

HHO®OPMAIUA

YK [678.057.3:621.929.3:66.067]-027.28(048.83)

HU.0. Mukynénok, 0-p mexu. nayk (Hayuonanovnwiit mexnuueckuit ynueepcumem Yxkpaumnut
«Kueeckuii nonumexnuueckuit uncmumym umenu Hzopa Cuxopckozo») E-mail:
i.mikulionok@gmail.com

K.J'IaCCI/[(l)HKaIII/IH (l)PIJILTpOB IKCTPYAECPOB 1JIsA nepepaﬁoTKn MMOJIUMEPHBIX MaTEPUAJTIOB U
PEe3UHOBBIX cMeceil (0030p KoHcmpyKuuil)

Pazpabotana xnaccudukanys GUabTPOB SIKCTPYAEPOB IS TepepaboTKH MOITUMEPHBIX
MaTepHaJIOB U PE3MHOBBIX CMeceil. BrimoiHeH kpuTuueckuii 0030p Hanbosee XxapaKTepHbIX
KOHCTPYKUUHN (QUIBTPOB 3KCTPYIEPOB.

KuroueBble c10Ba: MIacTUYECKUE MacCChl, pE3NHOBBLIC CMECH, DKCTPYICP, (1)I/IJ'IBTp,
KJaccu(puKanus, KOHCTPYKIIUA
UDC [678.057.3:621.929.3:66.067]-027.28(048.83)

1.0. Mikulionok (National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”) E-mail: i.mikulionok@gmail.com

Classification of extruder filters for the processing of polymeric materials and rubber (survey of
designs)

A classification of extruder filters for the processing of polymeric materials and rubber is
proposed. A critical survey of the most characteristic extruder filters is realized.

Keywords: plastics, rubber, extruder, filter, classification, designs
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AHHOTAIUM CTaTel :KypHaIa «XUMH4YecKoe U HepTerazopoe MAaIIMHOCTPOECHUE)
Ne 4-2022

HNCCIIEAOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETBI. OIIBIT OKCIIVIYATAIIUHU
MNPOLECCHI U OBOPYJIOBAHUE
XUMHUYECKHUX U HE®@TET'A30BbIX TEXHOJIOT U
V]IK 66.021.3/4
HU.H. Maoviues, O.C. /Imumpuesa, kanouoamul mexu. Hayk, A.O. Masacosa, A.H. Hukonaes, 0-p
mexH. HayK (Kazanckuii HayuoHanbHbLIL UCCT1006AMENbCKULL MEXHON0ZUYEeCKUIL YHUBepcUumem,
Poccus) E-mail: ilnyr_91@mail.ru
IToBBIIIEHHE 3(])(1)eKTI/IBHOCTI/I KOHTAKTHBIX yCTPOﬁCTB KOJIOHHBLIX MacCO00OMEHHEIX anmnapartros
MPH UCIOJIH30BAHNH MPOILECCOB TEPMUYECKOH PeKTU(UKAIIUU
B ycnoBusix TepMuyeckoi peKTu(UKaIK ONpeaeIeHbl pacxXo/Ibl (a3 pa3iensieMoil CMeCH B
3aBUCUMOCTHU OT COOTHOIICHUA KOJIMYECTBA OTBC,HCHHOP'I TEIIJIOTHI C BerHefI TapCJIKU KOJIOHHBI U
CYMMapHOTO TETIOBOTO TIOTOKA B KOH/AEHcaTope U neduiermarope. [IpencraBieHsl pe3ynbTaThl pacieToB
JICHCTBUTEIILHON CKOPOCTH I1apa BHYTPU KOJIOHHBI JUIsl ONIPEEIICHHS BAPUAHTOB 110 PACIPEIEICHUIO
terioTel. Onpenenensl xapaktepuctuku nsmenenus KI1J] knanannoit tapenku no Mepdpu ans
YMCHBIICHUSA KOJIMYECTBA TCIIJIOTHI, HOZIBO[[I/IMOﬁ B KUIIATWIBHUK KOJIOHHEL 10 pe3yibTaTaM
I/ICCJ’IGI[OBaHI/Iﬁ OoIpeaciiCHa BOSMOKHOCTb CHHIKCHHUSA MAaCCOBOI'0 pacxoJa 11apoB IIPAKTHYCCKH 1O
MHWHUMAJIbHOI'O 3HAYCHHA ITPU MCIIOJIB30BAHUN TepMH‘IeCKOfI peKTI/I(l)I/IKaIII/II/I.
KuroueBble cjioBa: Tepmudeckas peKTudukaiysi, KOHTaKTHOE YCTPOMCTBO, 3(EKTUBHOCTD,
(dermMoBoe YKcCIiIo
UDC 66.021.3/4
I.N. Madyshev, O.S. Dmitrieva, A.O. Mayasova, A.N. Nikolaev (Kazan National Research
Technological University, Russia) E-mail: ilnyr_91@mail.ru
Improving the efficiency of contact devices of column mass transfer apparatus when using thermal
rectification processes
In the thermal rectification conditions the phase flow rates of the distributed components of
separated mixture as a function of the ratio of the heat withdrawn from the upper plate of the column to
the total heat flow in the condenser and the reflux were determined. The results of calculation the actual
steam velocity inside the column are presented to suggest options for heat distribution. The characteristics
of the change in the efficiency of the valve plate according to Murphree are determined in order to reduce
the amount of heat supplied to the column boiler. The results obtained in these studies have shown that it
is possible to reduce the mass consumption of vapors to almost the minimum required due to the use of
thermal rectification.
Keywords: diabatic rectification, contact device, efficiency, reflux ratio

YK 66.081.6
C.B. Kosanes, O.A. Kosanega, 0okmopa mexu. nayk (Tamooeckuii zocyoapcmeennulii ynugepcumem
umenu I'.P. /leprtcasuna, Tamoboeckuit zocyoapcmeennvlit mexuuieckuii ynueepcumem, Poccusn)
E-mail: sseedd@mail.ru
KoHcTpyKuus 3/1eKTPOXHMHYECKOT0 MEMOPAHHOI0 allApaTa PYJOHHOI0 THIIA € TO()PHPOBAHHBIM
MeMOpPaHHBIM MOJOTHOM /JIsl pa3/JejeHHs] IPOMbILILJIEHHBIX PACTBOPOB

[IpennoxxeHa KOHCTPYKIIHS 3JIEKTPOXUMHUECKOr0 MEMOPAHHOTO armapara pyJIOHHOTO THUIIA IS
3 PEKTUBHOTO pa3esieHHs] pACTBOPOB XUMHUECKUX, MAITUHOCTPOUTEIBHBIX, arpornepepadaThIBAIOIINX
MIPOU3BOJICTB, OOECTIEUMBalOIas MOBBIIIEHUE KauecTBa U 3 (PEKTUBHOCTU pa3/ieieHHs pacTBOPOB,
yBEJIMYEHHE IO Id MEMOpaH B eUHMIIE 00beMa arnmapara 1 OXJaKICHUE pa3esiieMoro pacTBopa (B
OTJIMYME OT U3BECTHBIX aHajoroB). [Ipennoxkena MeTorka pacuera 3J1eKTPOXUMUYECKOT0 MEMOPaHHOTO
anrmapara pyJIOHHOTO THIIA, TO3BOJISAIONIAs ONPEAEIATh €ro KOHCTPYKTHBHBIE TapaMeTphbl — OOIIYIO
MOBEPXHOCTh OXJIAXKIECHHS, OOLIYIO IO b pa3/IeleHUs] U IJIOUIaId TPUKATOAHBIX (IPHAHOHBIX )
MeMOpaH.
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KuroueBrble cjioBa: MeMOpaHa, KOHCTPYKIIMS, anmapar, pacueT, pacTBOp, pa3/ieicHHe
UDC 66.081.6
S.V. Kovalev, O.A. Kovaleva (Derzhavin Tambov State University, Tambov State Technical University,
Russia) E-mail: sseedd@mail.ru
Design of a roll-type electrochemical membrane apparatus with corrugated membrane sheet for
separation of industrial solutions

The design of a roll-type electrochemical membrane apparatus for the effective separation of
solutions of chemical, machine-building, and agro-processing industries is proposed, which makes it
possible to improve the quality and efficiency of separation of solutions, increase the area of membranes
per unit volume of the apparatus, and cool the separated solution, in contrast to known analogues. A
method for calculating a roll-type electrochemical membrane apparatus is proposed, which makes it
possible to determine its design parameters — total cooling surface, total separation area and areas of near-
cathode (near-anode) membranes.

Keywords: membrane, construction, apparatus, calculation, solution, separation

YK 662.6/9
FO.A. Ileuenezos, 0-p mexn. Hayk (IH2enbCCKUIl mexHON02UuYecKuil uncmumym (punuan)
Capamoesckozo zocyoapcmeennozo mexuuueckozo ynueepcumema um. I'acapuna FO.A., Poccus) E-
mail: y.pechenegov@mail.ru
Temnoruapasianyeckasi 3¢ PeKTUBHOCTH TEMJI000MeHA ra30BbIX TENJIOHOCUTEJIEH TPH Pa3HBIX
TEMIIEPATYPHLIX YCJI0BUAX

HpI/IBeI[eHBI PE3yJibTaThl aHaJIM3a TCIUIOT HHpaBHquCKOﬁ S(I)Q)GKTHBHOCTI/I mponecca TermtooOMeHa
ra30BbIX TEIJIOHOCHUTEIIEN IIpH pa3JIMIHBIX TEMIICPATYPHBIX YCIIOBUSIX. C ucnonp30BaHuEM
sHepreruueckoro KII/I, xapakrepusyromero TeroruapaBindeckyto 3ppekTuBHOCTh TeII000MeHa,
IIOKa3aHO, YTO COOTHOIICHUEC KOJINYCCTBA Hepez[aBaeMoﬁ TCIUIOTHI U 3aTpaT SHCPIUKU Ha IIPOKAYMBAHUEC
TCIINIOHOCUTCIIA B IIPOLECCEC T eIUI0O00OMEHA JJIA Ta30B Oozee 6J'IaFOHpI/I$[T HO B 00JIaCTH OHMKEHHBIX
Temriepatyp nporecca (3¢h(heKTHBHOCTh POLIEcca CHUXKACTCS € TIOBBIIIEHUEM TeMITepaTypsl). boree
3((PEeKTUBHBIMU TEIIJIOHOCUTEIISAMH (CPEIM CPABHUBAEMBIX ) 1O ITOKA3aTEIIO TETIOTHIPABIMYECKON
3 PEKTUBHOCTH TEITIOOOMEHA SIBJIAIOTCSI BOJOPO/ M METaH, HauMeHee d(PEKTUBHBIM TETUIOHOCHUTENIEM
SABJIACTCA BO3AYyX.

KuioueBbie ¢JI0Ba: TEI000MEH, TEIUIOTHApPaBIdeckas 3(p(HEeKTHBHOCTb, Ta30BbIE TEIUIOHOCUTEIH,
TemIiepaTypHble ycioBus, sHepreruyeckuii KI1, pusnyeckuii pakrop, peskMMHBbIN (pakTop
UDC 662.6/9
Yu.Ya. Pechenegov (Engels technological institute (branch) SSTU named after Gagarin Yu.A., Russia)
E-mail: y.pechenegov@mail.ru
Heat-hydraulic efficiency of heat exchange of gas coolants under different temperature conditions

The results of the analysis of the heat-hydraulic efficiency of the heat exchange process of gas
coolants at different temperature conditions of the process are presented. Using the energy efficiency of heat
transfer, which characterizes the heat-hydraulic efficiency of heat exchange, it is shown that the ratio of
transferred heat and energy costs for pumping the coolant during heat exchange for gases is more favorable
in the region of low process temperatures (the efficiency is lower with increasing temperature). Compared in
terms of heat-hydraulic heat transfer efficiency the more efficient coolants are hydrogen and methane, and
the least efficient is air.

Keywords: heat transfer, heat-hydraulic efficiency, gas coolants, temperature conditions, energy

efficiency, physical factor, regime factor

YK 66.021.4
B.K. Jleonmuves, kano. mexn. nayx, O.H. Kopaoneea, kano. xum. nayk (Alpocrasckuii
2ocyoapcmeennvtit mexuuueckuil ynusepcumem, Poccus) E-mail: leontievwwk@ystu.ru
00 u3sMeHeHUN TeMIepaTyphl JKHAKOH M ra30Boii (pa3 B cMecuTe/Ie MHOTOCOIJIOBOT0
ra30KuAKOCTHOIO Y:KeKIIMOHHOI0 annapara

[IpencraBineHo MareMaTHYeCKOe OMMCaHKE TeMJI000MeHa MeX Ty KHUJIKOH 1 ra30Boil (a3amu B
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CMCCUTCIAX MHOT'OCOIIJIOBOI'0 I'a30KUAKOCTHOI'O 9KCKIITUMOHHOT'O aIrapara.

KuroueBble ciioBa: TermiooOMeH, xuakas ¢asa, razoBas gaza, CMECUTENb, 2KECKITHOHHBIH
ammapar
UDC 66.021.4
V.K. Leontiev, O.N. Korableva (Yaroslavl State Technical University, Russia)
E-mail: leontievwwk@ystu.ru
On the temperature change of the liquid and gas phases in the mixer of a multi-nozzle gas-liquid
ejection apparatus

A mathematical description of the heat exchange between the liquid and gas phases in the mixers
of a multi-layer gas-liquid ejection apparatus is presented.

Keywords: heat exchange, liquid phase, gas phase, mixer, ejection apparatus

VK 66.023
B.K. J/leonmuves, kano. mexu. nayk, M.A. IOposckas, A.E. /lebeoes, 0-p mexn. nayk (Apocnasckuii
20Cy0apcmeeHH bl mexHuYecKuili ynueepcumem, Poccus)
E-mail: leontievwwk@ystu.ru
K BOIIPOCY 0 MPOU3BOAUTECIBHOCTH OCAAUTEC/IbHBIX ueHTpnq)yr

Ha ocHose KpUTCpHUAJIbHBIX ypaBHeHI/Iﬁ AJIg OIIPEACIICHUS CKOPOCTU OCAXKIACHUS ITOJTYUCHBI
pacdeTHbie (POPMYITBI, TIO3BOJISIONIUE ONPEACTUTh BpeMs IPEObIBAHUS CYCTICH3UU B OCATUTEIBLHOM
HeHTpUudyre u NPOU3BOJUTENHEHOCTD HEHTPUDYTH IS IEPEXOAHOTO U TYpPOYIEHTHOTO PEKUMOB
OCaAXIACHUA.

KuroueBble ciioBa: ocaguTelIbHas ueHTpI/IQ)yra, MMPOU3BOAUTCIIBHOCTDL, CYCIICH3Us, BPEMSL
npeObIBaHUS
UDC 66.023
V.K. Leontiev, M.A. Yurovskaya, A.E. Lebedev (Yaroslavl State Technical University, Russia) E-mail:
leontievwk@ystu.ru
To the question of the productivity of settling centrifuges

On the basis of criterion equations for determining the settling rate, calculation formulas have
been obtained that make it possible to determine the residence time of the suspension in settling
centrifuge and its productivity for transient and turbulent settling modes.

Keywords: settling centrifuge, productivity, suspension, residence time

KPUOTEHHAS TEXHUKA. ITIPOU3BOACTBO U TIPUMEHEHUE
IMPOMBIIIVIEHHBIX I'A30B. BAKYYMHAS TEXHUKA
YK 66.045.7
A.A. Kopookos, kano. mexn. nayk, M.B. Kynuk (Mescpecuonanvnoe odujecmeennoe yupeicoenue
«HUucmumym unxncenepnoii puzukuy, 2. Cepnyxoe Mockoeckoit 0oa., Poccus); C.C. Cepzeee (IIA0
«Kpuozenmawy, 2. barawuxa Mockoeckoii 004., Poccus); A.H. Cmopooun, 0-p mexu. HayK
(Mockoeckuii zocyoapcmeennuliit mexnuueckuil ynusepcumem um. H.9. baymana, Poccusn)
E-mail: korobkow@iifmail.ru
OnTumMu3anms pe;KMMHBIX NAPAMETPOB 0KHKHTEJIs a30Ta, pa00TaI0IIero B COCTaBe CUCTEMbI
nepeoxJiazkaeHus KHJIKOr0 MeTaHa
[TocTaBnena u pemieHa 3aj1ada TEPMOIUHAMUYECKONW ONTUMHU3AINHN PEKUMHBIX TApaMETPOB
OXKIDKUTEIS a30Ta, pabOTArOIIETo B COCTaBEe CUCTEMBI MEPEOXITAKICHIS JKUIKOTO MeTaHa. B pe3ynbTare
penieHus JaHHOM 3a7a4M ONpe/IeNIeHbl: yieabHas padoTta, Tpedyemas sl OKKeHus | KT a3oTa 1jis
CXEM C MaCJI03aIll0JIHEHHBIM KOMIIPECCOPOM U BOJI03aIMOJIHEHHBIM KOMIIPECCOPOM; XapaKTePUCTHKU
TETJI000MEHHOTO 000PYIOBaHUS U JIETAaHIEP-KOMIIPECCOPHOTO arperara; peKMMHBIE TTapaMeTPhl BO BCEX
pacueTHBIX TOYKaX. BBISABIEHO: sl OXKIKUTEIHHOTO PEKMMA TIPUMEHEHHUE BOI03ATIOTHEHHOTO
BHHTOBOT'O KOMIIPECCOPA MO3BOJISIET YMEHBIIINUTD YIENbHYIO padoTy oxuxeHus Ha 19 %. Onpeneneno
ONTUMATBFHOE COUETaHHE IMapaMeTPOB: JaBleHue npsamoro noroka (1,2 MIla) u gons apoccenbHOTO
notoka (0,14) nns oxXuxKuTens a3oTa.
KuroueBble cjioBa: MaTeMaTHIECKOE MOJISTUPOBAHUE, OKIDKUTEND a30Ta, paKeTa-HOCUTENb,
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CKIDKEHHBIM METaH, CHCTEMA OXJIAXKIACHHUS, TEIUIOOOMEHHBIN anmapar, TepMOInHAMUYecKas
OIITUMMU3 AN
UDC 66.045.7
A.A. Korobkov, M.V. Kulik (Interregional Social Foundation «Institute of Engineering Physics»,
Serpukhov, Moscow region, Russia); S.S. Sergeev («Cryogenmash», Balashikha, Moscow region,
Russia); A.l. Smorodin (Bauman Moscow State Technical University, Russia)
E-mail: korobkow@iifmail.ru
Optimization of the operating parameters of nitrogen liquefier working as a part of liquid methane
subcooling system

The problem of thermodynamic optimization of the operating parameters of the nitrogen
liquefier,operating as a part of liquid methane subcooling system is posed and solved. As a result of
solving this problem, the following are determined: specific work required to liquefy 1 kg of nitrogen for
schemes with oil-filled and water-filled compressors; characteristics of heat exchange equipment and
expander compressor unit; operating parameters at all design points. It was found out that for the
liquefaction mode the specific work of liquefaction decreases; the use of a water-filled screw compressor
reduces the specific work of liquefaction by 19 %. Optimal combination of direct flow pressure (1.2
MPa) and direct flow fraction (0.14) for the nitrogen liquifier system have been determined.

Keywords: mathematical modeling, nitrogen liquefier, launch vehicle, liquefied methane, cooling
system, heat exchanger, thermodynamic optimization

KOMIIPECCOPBI. HACOCBI. TPYBOITPOBO/IHASI APMATYPA

YK 621.512
B.E. Il]ep6a, 0-p mexn. nayk (OmcKuil 2ocyoapcmeenHblii mexHu4eckuil ynueepcumem, Poccusn)
E-mail: Scherba_V_E@list.ru
MeTtoauka olleHKH BpeMeHH HarpeBa CTeHOK padoueil kKaMepbl NOPIIHEBOr0 KOMIIpeccopa npu
HCII0Jb30BAHUHU PEIrCHEPATHBHOI'O TeIJI000MeHA

HCCJIGI[OB&HI)I ACIICKTBI pETCHCPATUBHOI'O TEIII000MEHA B MMOPIIHEBOM KOMIIpECCOPE € LECIIBIO
HpI/I6JII/I)KeHI/I}I mponecca CxKatuAa K Hauboiee TCPMOAUHAMHUYCCKU BBIT'OAHOMY — U30TCPMHUYCCKOMY. C
HCITIOJIb30BAHUECM YPABHCHU A 6a.ncha, BKJIFOYAIOLIECTO KOJINYECTBO BI)II[eJIﬂeMOfI TCIJIOTHI B ITUKIIC
MMOPHIHEBOI'0 KOMIIpECCOpA U KOJIMICCTBO TCIJIIOTHI, OTBO,HHMOﬁ YCPEe3 BHCIIHIOKO ITOBCPXHOCTD pa6oqel71
KaMepbl KOMITpeccopa, pazpaboTaHa METOIMKA pacueTa HarpeBa CTEHOK paboydeit kaMepsl KoMIpeccopa B
3aBUCHUMOCTH OT HNPOAOJIKUTCIIbHOCTU pa6OTBI KoMIIpeccopa. Ha ocHose pa3pa60TaHH0171 METOAUKU
IMPOBEACH HapaMeTpnquKnﬁ AHaJIM3 U ONIPCACIICHO BIIMAHUC OCHOBHBIX OKCILTYaTAllMOHHBIX ITapaMETPOB
(CTeHeHI/I IMOBBIIICHUA NABJICHUS B CTYIICHU, YFHOBOﬁ CKOPOCTH BpalllCHUS KOJICHYATOI'O Bana) Ha
KOHEYHYIO TeMIIepaTypy U BpeMs HarpeBa CTeHOK. Pa3zpaboTaHHas METOAMKA MOXKET OBbITh HCIIOJIb30BaHa
11 HpeHBapHTeHBHOﬁ OLICHKHU BPEMCHU pa6OTBI HOpLHHeBOﬁ MallnHbI C PETCHCPATHUBHBIM OXJIAKACHUCM
B PEXHUME KOMIIpECcopa.

KiroueBble cjioBa: MOPIIHEBON KOMIIPECCOP, pEreHEPaTUBHBIN TEIII000MEH, pabodre MPOIEecChl,
TeMIIEpaTypa CTEHOK, BpEMsI HarpeBa
UDC 621.512
V.E. Shcherba (Omsk State Technical University, Russia)
E-mail: Scherba_V_E@list.ru
Methodology for estimating the heating time of the walls of the working chamber of a reciprocating
compressor when using regenerative heat exchange

The work is devoted to the study of aspects of regenerative heat transfer in a reciprocating
compressor in order to bring the compression process closer to the most thermodynamically
advantageous — isothermal. Using the balance equation, which includes the amount of heat released in the
cycle of a reciprocating compressor and the amount of heat removed through the outer surface of the
compressor working chamber, a method for calculating the heating of the walls of the compressor
working chamber from the operating time has been developed. Based on the developed methodology, a
parametric analysis was carried out and the influence of the main operational parameters (the degree of
pressure increase in the stage, the angular speed of rotation of the crankshaft) on the final wall heating
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temperature and wall heating time was determined. The developed technique can be used for a
preliminary assessment of the operating time of a piston machine with regenerative cooling in compressor
mode.

Keywords: reciprocating compressor, regenerative heat exchange, working processes, wall
temperature, heating time

V]IK 621.818
C.H. I'aiicun, C.A. 3aiioec, 0-p mexn. nayk, A.U. Huscezopooos, 0-p mexu. nayx (Upxymckuii
HAUUOHATBbHBLI UCCIe008aMeIbCKUN MeXHUYecKul ynusepcumem, Poccus) E-mail:
gaisinsn@mail.ru
Ouemca repMETUYIHOCTH YIUIOTHUTECJILHOI'O y3Jia
3al0PHOM TPYOONIPOBOJAHOM apMAaTyPbl HU3KOT'0 JaBJIEHUS

Brinonnen anajin3 repMEeTUYHOCTH YIUIOTHUTEIILHOTO y3j1a TPYOOIIPOBOIHON apMaTyphl.
Ver AHOBJICHO, YTO I'CpMETUYHOCTDH YINIOTHUTCIIBHBIX 3JIEMECHTOB 3aBUCUT HE OT IIJIOINAAW KOHTAKTHBIX
MOBEPXHOCTEH, @ OT HAJTUYMS HENMPEPHIBHON y3KOM MOJIOCKHI, 00pa30BaHHOM MATHAMU KOHTAKTA.
HpOBGI[eHBI HUCIbITAHUA HAa TCPMCTUYHOCTD O6paBI_IOB-CBI/II[eTeJ'IeI71, HN3IrOTOBJICHHBIX ITO npeﬂnaraeMoﬁ
TEXHOJIOTMH (POPMHUPOBAHUS TUNIOTHOI'O MEXYIUIOTHUTEIBHOI'O IIPOCTPAHCTBA.

KuroueBble ciioBa: pr60HpOBOI[Ha$I apmMarypa, 3aTBOpHBII>’I y3¢€J1, CTaTUYCCKOC YIIJIOTHCHUC,
BOJIHUCTOCTD, ICPOXOBATOCTH, ICPMCTUIHOCTD
UDC 621.818
S.N. Gaisin, S.A. Zaides, A.l. Nizhegorodov (Irkutsk National Research Technical University, Russia)
E-mail: gaisinsn@mail.ru
Assessment of the tightness of the sealing unit of low-pressure shut-off pipe fittings

The analysis of the tightness of the sealing unit of the pipeline fittings was performed. It is
established that the tightness of the sealing elements does not depend on the area of the contact surfaces,
but on the presence of a continuous narrow strip formed by contact spots. A leakproofness test of witness
samples made according to the proposed technology of forming a dense inter-sealing space was carried
out.

Keywords: pipeline valves, gate Assembly, static seal, waviness, roughness, tightness

YIK 621.512
E.A. Ilagnwouenxo, kano. mexn. Hayk (OmMcKuii 20cyoapcmeenvlili mexHu4ecKuil yHugepcumenm,
Poccusn) E-mail: hystonru@mail.ru
AHaJM3 OCHOBHBIX ITyTeH NOBbIMIECHUS IPPEKTUBHOCTH Pad0Thl KOMIIPECCOPOB 00bEMHOI0
JiefdcTBUS

DHepreTudeckas 3p(GEKTUBHOCTD SBISICTCS OJTHUM U3 OCHOBHBIX (JaKTOPOB MPHU MPOCKTUPOBAHUHI
MOPIITHEBBIX KOMITPECCOPOB 00BEMHOTO JeicTBUA. [{anHas paboTa MOCBAIEeHa aHATN3Y HAyYHBIX
UCCIIeIOBaHUN B 00J1aCTH MyTel MOBbIEHHs 3((HEeKTUBHOCTH paboThl KOMIIPECCOPOB 00BEMHOTO
I[GI\/JICTBI/ISI. Ha ocuose MPOBCACHHOTO aHAJIM3a BBIABJICHBI OCHOBHBIC COBPEMCHHBIC HAITPABJICHU A
yIy4IIeHus 3Heprod3(hHeKTHBHOCTH KOMITPECCOPHBIX MaIllMH 00beMHoro AelcTBus. [lanHas paboTta
MOJKET OBITh HCIIOJIb30BaHa JUIsl ONIPENIETICHHS CTPAaTETUH B pa3pad0TKe HOBBIX BHICOKOA((EKTHBHBIX
KOMITPECCOPHLIX MAalllMH 00BEMHOTO HeﬁCTBHH.

KuroueBble cjioBa: KOMIIpeccopbl 00BEMHOIO J€HCTBHS, pereHepaTUBHBIN TEMI000MEH, BIPHICK
JKUAKOCTHU, BO3AYITHOC OXJIAKACHUEC, BOASAHOC OXJIAKACHUC
UDC 621.512
E.A. Pavlyuchenko (Omsk State Technical University, Russia)
E-mail: hystonru@mail.ru
Analysis of the main ways to increase the efficiency of positive displacement compressors

Energy efficiency is one of the main factors in the design of positive displacement compressors.
This work is devoted to the analysis of scientific research in the field of ways to improve the efficiency of
positive displacement compressors. Based on the analysis, the main modern directions for improving the
energy efficiency of volumetric compressor machines were identified. This work can be used to define a
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strategy for the development of new highly efficient positive displacement compressor machines.

Keywords: displacement compressors, regenerative heat exchange, liquid injection, air cooling,

water cooling

KOMIUVIEKTYIOUIUE U3JAEJUS. IPUBOPBI
YK 536.25:620.98
E.C. /lanunvuuxk, A.b. Cyxouykuit, kano. mexn. nayx, T.b. Kapnosuu, kano. ¢u3s.-mam. Hayk
(benopycckuii zocyoapcmeennblii mexnono2uueckuil ynusepcumen, 2. Munck) E-mail:
alk2905@mail.ru
Biausinue MPOXOAHOI'0 CCICHUSA BBITSI2KHOM IIAXTHI HA OXJTAKACHHUE BO3IYXOM OJHOPHAAHBIX MYYKOB
TPYO €O cIMpaJbHLIMH pe0OpaMu Pa3HOil BbICOTHI

[IpeacraBieHsl pe3ynbTaThl SKCIEPUMEHTAIBHBIX UCCIIEIOBAHUN CBOOOIHO-KOHBEKTUBHOTO
TemIooOMeHa OIHOPAAHBIX ITYYKOB OMMeETaTINYECKAX pr6 CO CITMPAJIbHBIMHU HAKATHBIMHA
QIIOMUHUEBBIMU pebpamu pa3Ho# BHICOTHI (2,0...14,6 MM) K BEepTUKAJIBHBIM IIOTOKaM BO3/1yXa,
CO3/1aBa€MbIM BBITSKHOM IIaXTOM C peryIupyeMbIM MTPOXOAHBIM ceueHueM. KommoHoBKa mydkoB (13 6
TpyO) — C MOCTOSTHHBIM OTHOCHTEJIBHBIM MOTepeuHbIM marom 61 = 1,14, JIns natencupukanum
CBO60,I[HO-KOHB€KTI/IBHOFO TermiooOMeHa BO3yXa HAA ITy4YKaMH YCTaHaBJINBAJIIACh TCIIJIOU30JIMPOBAHHAA
BBITSDKHAS 11axTta BeicoTor 0,52 M. [To maHHBIM U3MEpeHHI CpeTHUN TPUBEICHHBIN KO pHuIreHT
terooraayu cocrasui ot 0,78 no 17,3 BT/(MZ‘OC) npu ymncnax Penes (19.. .360)‘103. [IpuBeneno
ypaBHEHUE N10J100U ISl TEIUIOO0TIaYH OAHOPSAHBIX ITYYKOB C peOpaMu pa3IMuHOM BHICOTHI B PEXKUME
CBO6O,I[HOI71 KOHBCKIIMHU OT KOB(I)(i)I/II_II/IeHTa CY’KCHMU 10 alx BBIXOJHOT'O OTBECPCTHUA BBITSDKHOM IIAXTHI.

BrIsiBIIeHO: TTPH yBETTMUEHUH BBICOTHI OpeOpeHus Ter10Bast 3PPEKTUBHOCT OHOPSTHBIX TyIKOB
yBenuuuBaeTcs B 4 pasza (1 6osee), HO IpH 5TOM yBennueHue koddduirienta opedpenus Tpyd 6omee
3HAYUTCIIBHO. HpI/I YBCIUYCHUHU ITPOXOJAHOTO CCUCHUS BBITSKHOM IIAXTEI palroOHaJIbHOC 3HAUYCHUC
BBICOTHI OpeOpeHus (COOTBETCTBYIOMIee Harboee 3(h(PeKTUBHOMY IMyUKY 10 TOKa3aTeN0 00bEMHOM
MJIOTHOCTH TEIJIOBOTO MOTOKA) YBEIMYUBACTCS OT 2 10 8§ MM. Y CTAHOBKOM BBITSDKHOW HIAXTHI C
OIITUMAJIBHBIM ITPOXOAHBIM CCYCHUCM HAA OJHOPSAAHBIM ITYYKOM BO3MOKHO ITOBBIMNICHUEC TCINIOOTAAYH
nyuka B 1,73...3,64 pa3za.

KuroueBble ciioBa: BOS,ILYXOOXJ'Ia)KI[aeMLII\/’I TCHJ'IOO6M6HHI/IK; onMeTanIndecKas pe6pI/ICTa}I
Tpy0a; MaxMaTHBIA MyY0K TPYyO; CBOOOIHO-KOHBEKTUBHBIN TEIIIOOOMEH; BBITSDKHAS IIAXTa
UDC 536.25:620.98
E.S. Danilchik, A.B. Sukhotski, T.B. Karlovich (Belarusian state technological university, Minsk) E-
mail: alk2905@mail.ru
Influence of the passage section of the exhaust shaft on the air cooling of single-row tube bundles
with spiral fins of different heights

Experimental studies of free-convective heat transfer of single-row bundles of bimetallic tubes
with spiral rolling aluminum fins of different heights (2...14,6 mm) to vertical air flows created by an
exhaust shaft with an adjustable flow area are presented. The bundles were arranged with a constant
relative transverse pitch o1 = 1,14 from 6 tubes. To intensify the free-convective heat exchange of air
above the bundles, a heat-insulated exhaust shaft 0,52 m high with an adjustable flow area of 0,0087;
0,0201 and 0,033 m?. According to the measurement data, the average reduced heat transfer coefficient
was calculated, which ranged from 0,78 to 17,3 W/(m?°C) at Rayleigh numbers (19...360)-10%. A
similarity equation is given for the heat transfer of single-row bundles with different fin heights in the
free convection mode on the coefficient of narrowing the area of the exhaust shaft outlet.

It was found that an increase in the height of the finning leads to an increase in the thermal
efficiency of single-row bundles by a factor of 4 or more, but the increase in the coefficient of finning of
the tubes is more significant. With an increase in the passage section of the exhaust shaft, the height of
the fins corresponding to the volumetric heat flux density of the most effective bundle increases from 2 to
8 mm. By installing an exhaust shaft with an optimal flow area above a single-row bundle, it is possible
to increase its heat transfer by a factor of 1,73...3,64.

Keywords: air-cooled heat exchanger; bimetallic ribbed tube; chess tube bundle; free-convective
heat transfer; exhaust shaft
V]K 66.045.53
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K.E. Bonoape, kano. mexu. nayk, H.C. Illlynaes, 0-p mexn. nayk (Ygumckuit zocyoapcmeennutii
Hepmanoi mexnuueckuil ynusepcumem, unuan ¢ 2. Cmepaumamaxe, Poccus) E-mail:
Kristina88_08@mail.ru
Pacuer nmpou3BOAMTEIBLHOCTH ANNIAPATOB OXJIAXKIEHUSA 000POTHOI BOJbI
C MOJIUMMEPHBIMU OPOCUTEC/ISIMHA IPH IIJICHOYHOM PEKUME TCUCHUS
Hpe,I[CTaBJ'IeH METOA pacucTa AJisd OIIPEACIICHUS ITPOU3BOAUTEIIbHOCTH MaJ'IOFa6apI/ITHBIX I'paiupecH C
MOJIMMCPHBIMU OPOCUTCIISIMU TIPH INICHOYHOM PEIKUME TCUCHUSA JKUAKOCTU, OMPCACIICHHUA T'COMCTPUICCKUX
pa3MEPOB U B3aMMHOI'0O PACIIOJIOKCHHA ITOJIMMEPHBIX BOJIOKOH, COCTABJIAOIINX CETYATYIO 060.]'[0‘{1(}7, a
TAKXKEC INIOTHOCTH OPOICHUSA U MPOU3BOAUTCIIBHOCTH I'paIUPHU, IIPHU KOTOPBIX PCAIN3YCTCA IJIEHOYHBIN
PEXUM TCUCHUA. 5 3 MPEACTABIICHHBIX 3aBHCHUMOCTEN CJICAYET, YTO C YMCHBUICHUEM pa3dMepa
«QJIEMEHTApHOW» TYEHKH OJI0Ka OPOCUTENS MACCOBBII PacXo]l OXJIAXKIaeMOH JKUIKOCTH TPATUPHU
YBCIUYHUBACTCA, OJHAKO IIPHU 3TOM BO3PACTACT MacCa OPOCUTEIIA, IIPUXOAAIIasACsa Ha CAUHHUITY o0neMa
rpagupHu. Kpome Toro, ymeHpleHue pa3sMepoB ss9€eK OPOCUTEINS IPUBOIUT K YBEITUYCHUIO
KOC)(i)(bI/II_[I/IeHTa A3pOAMHAMHUYCCKOr'0 COIMPOTUBIICHUA IIPOIIOPHIHUOHAJIEHO IIJIOTHOCTHU OPOILICHHA.
KuroueBble cj10Ba: B0J10000pOT, IpaupHs, IOJUMEPHBII OPOCUTEIND, IIIIEHOUYHBIN PEXKUM,
IMPOU3BOJUTCIIbHOCTb I'paIMPHU
UDC 66.045.53
K.E. Bondar, N.S. Shulaev (Ufa State Petroleum Technological University, Branch in the Sterlitamak,
Russia) E-mail: Kristina88_08@mail.ru
Calculation of the performance of circulating water cooling devices with polymer sprinklers in the
film flow mode
This article presents the calculation of the performance of small-sized cooling towers with
polymer sprinklers in the film mode of fluid flow, calculation method to determine the geometric
dimensions and mutual arrangement of the polymer fibers that make up the mesh membrane, as well as
irrigation density and cooling tower performance at which the film flow mode is realized. From the
dependencies presented in the paper, it follows that with a decrease in the size of the "elementary" cell of
the sprinkler unit, the mass flow rate of the cooling tower coolant increases. However, this increases the
mass of the sprinkler per unit volume of the cooling tower. In addition, reducing the size of the sprinkler
cells leads to an increase in the aerodynamic drag coefficient in proportion to the irrigation density.
Keywords: water circulation, cooling tower, polymer sprinkler, film mode, cooling tower
performance

MATEPUAJIOBEJAEHHUE. SAIIIUTA OT KOPPO3UU

YK 620.197.3
P.K. Bazcanos, K.A. Hoamynnun, kanouoamot xum. nayk, B.B. fApxoeoit (000 «Hayuno-
UCc1e006amenbCKuil UHCMUmym npupooHsix 2a306 u 2a306vix mexuono2uii I'aznpom BHHHI A3y, n.
Pazeunka Mockoeckoii 06.1., Poccus)
E-mail: R_Vagapov@vniigaz.gazprom.ru
CpaBHeHMe HHCTPYMEHTAJIbHBIX METOI0B KOPPO3HOHHOTO MOHHUTOPHHIA /1JIsl YCJIOBUIT 00bEeKTOB
nepepadoTKH yrijieBoa10po10B

J1J11 KOHTPOJIsI KOPPO3UOHHOTO COCTOSIHUS 000PY/I0BaHUS Ta30BbIX OOBEKTOB MPUMEHSIFOTCS
pa3NMyHble METObl KOPPO3UOHHOTO MOHUTOPUHTA. OCHOBHBIM NApaMETPOM JUIsl OLIEHKH SIBIISIETCA
CKOPOCTh KOppO3uH. B nononHeHrne kK OCHOBHOMY I'paBUMETPHUECKOMY CIIOCO0Y M3MEPEHUS] CKOPOCTH
KOPpO3UH, MPUMEHSIOTCS elnle ABa Metoaa: ER-meron snextpuueckoro conporusienus u LPR-meton
JUHEHHOTO TOJISIPU3AITMOHHOTO conpoTuBiieHus. B xone ucneirannii ER- n LPR-gaTunkoB 0b1mu
OIICHEHBI BO3MOXKHOCTH UX MPUMEHEHUS B KOPPO3UOHHO-aIPECCUBHBIX YCIOBHIX 00BEKTOB NiepepaboTKu
YIJI€BOJIOPOOB, a TAKXKE BIUSHUE PA3IMYHBIX (PAKTOPOB Ha MOJIydaeMble JaHHBIE [0 CKOPOCTHU
KOppO3HH.

KuroueBble cjioBa: CKOPOCTh KOPPO3UH, KOPPO3ZUOHHBIM MOHUTOPUHT, ER-naTunk, LPR-naTunk
UDC 620.197.3
R.K. Vagapov, K.A. Ibatullin, V.V. Yarkovoi (LLC Gazprom VNIIGAZ, Russia)
E-mail: R_Vagapov@vniigaz.gazprom.ru
Comparison of instrumental methods of corrosion monitoring for the conditions of hydrocarbon
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processing facilities

To control the corrosion state of equipment of gas objects, various methods of corrosion
monitoring are used. The main parameter for hazard assessment is the corrosion rate, which can be
measured in several ways. In addition to the main gravimetric method, two more methods of
determination are used: ER-electrical resistance method, and LPR-linear polarization resistance method.
In the course of testing ER- and LPR-probe, the possibility of their use in corrosive-aggressive conditions
of hydrocarbon processing facilities, as well as the influence of various factors on the obtained data on
the corrosion rate, was evaluated.

Keywords: corrosion rate, corrosion monitoring, ER-probe, LPR-probe

HHOOPMALUA

YK 542.63:66.063.8-023.472-027.28(048.83)

HU.O0. Mukynénox, 0-p mexn. nayk (Hayuonanvnolii mexnuueckuil ynusepcumem YKpaunot
«Kueeckuii nonumexnuueckuit uncmumym umenu Hzopa Cuxopckozo») E-mail:
i.mikulionok@gmail.com

Kiacenpukanusi JMCKOBBIX MEIIAJOK €eMKOCTHOM annapaTypsl AJs NepeMelInBAHUSA KUAKOCTel
(0630p namenmoe)

Pa3pa60TaHa KJ'IaCCI/I(i)I/IKaLII/I}I JAUCKOBBIX MCIIAJIOK CEMKOCTHBIX aIlllapaTOB, IPUMCHACMBIX B
XUMHUYECKOH, He(hTEXUMUUECKOH, HedTerepepadaThIBaIONICH 1 MUIIEBON OTPACIISX MPOMBIIUIEHHOCTH.
PaCCMOTpeHbI Haubolee XapaKTCPHBIC KOHCTPYKIHUHU ANCKOBBIX MCIIAJIOK.

KuroueBrble ci10Ba: XMMUYECKOE MAIIMHOCTPOCHUE, EMKOCTHAs anmaparypa, JHCKOBBIE
MCIIAJIKU, KHaCCI/I(I)I/IKaI_[I/I}I, KOHCTPYKIUH
UDC 542.63:66.063.8-023.472-027.28(048.83)

1.0. Mikulionok (National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”) E-mail: i.mikulionok@gmail.com

Classification of disc stirrers of tank equipment for the processing of liquid media (survey of
patents)

A classification of disc stirrers of tank equipment used in chemical, petrochemical, oil refining
and food industries is proposed. The most typical designs of disc stirrers are realized.

Keywords: chemical engineering, tank equipment, disc stirrers, classification, designs

YK 542.63:66.063.8-023.8-027.28(048.83)

HU.0. Mukynénok, 0-p mexu. nayk (Hayuonanovnoiit mexnuueckuii ynugepcumem Ykpaunoi
«Kueeckuii nonumexnuueckuii uncmumym umenu Hzopa Cuxkopckozo») E-mail:
i.mikulionok@gmail.com

K.]'IaCCI/[(l)I/[KaIII/IH MEIIAJOK B BUJI€ T€JI BpAallICHUS 1JISl MIEPEMEIINBAHUSA KUTKUX CPEI (0630p
namenmoe)

Pa3paborana kinaccudukanus MemaioK B BUJIE TeJl BpallleHus Ui IepeMEIIBaHNs OJJHOPOAHBIX
Y HEOTHOPOJIHBIX KUIKOCTEH B XMMUYECKOH, He(TeXUMHUECKON, HeTenepepadaTbIBaroliei 1 MUIIEBOi
OTpacJIAX IPOMBIIUIEHHOCTH. PaccMoTpeHbl Hanbosiee XxapakTepHble KOHCTPYKIMU MEIIaIOK B BUJIE TEJ
BpallcHU.

KuroueBble ci10Ba: XUMUYECKOE MAIIMHOCTPOCHHUE, MEIIIATIKA, TEJI0 BpallleHus, KilacCcu(ukanus,
KOHCTPYKIIHH
UDC 542.63:66.063.8-023.8-027.28(048.83)

1.0. Mikulionok (National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”) E-mail: i.mikulionok@gmail.com

Classification of stirrers in the form of geometric shapes of revolution for mixing liquids (survey of
patents)

A classification of stirrers in the form of geometric shapes of revolution for mixing homogeneous
and inhomogeneous liquids in the chemical, petrochemical, oil refining and food industries is proposed.
The most typical designs of the stirrers in the form of geometric shapes of revolution are realized.

Keywords: chemical engineering, stirrer, geometric shape of revolution, classification, designs
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HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATALIUA

IMPOOECCHI U OBOPYJOBAHHUE
XUMHYECKHUX U HE®TEI'A30BBIX TEXHOJIOT U

VIK 621.928.9
P.B. Pomanioxk, M.I'. Jlacymkun, 0-p mexn. nayx, H.B. /lanunenxo, A.C. Cokonoe, kanouoamot mexH.
Hayk (Mockoeckuii nonumexuuueckuil ynueepcumem, Poccus)
E-mail: romanyuk217@gmail.com
Biausinue KOHCTPYKIHHA AKCHAJIbHO-JIOIIATOYHOI'0 3AaBUXPUTEISA BTOPUYHOI'O IMOTOKA HA
THAPOIUHAMUKY BUXPEBOI0 NbLICYJIOBHTEISA

HpI/IBCIleHI)I PE3YIBbTATEI KOMIIBIOTCPHOI'O MOJACINPOBAHUA Ira30JUHAMUKHN BUXPCBOT'O
MBUICYJIOBUTEIIA C pa3HbBIMU KOHCTPYKIIUAMHA AKCUAJIBHO-JIOMIATOYHOI'O 3aBUXPUTECIIA BTOPUYIHOI'O ITOTOKA.
[Toka3zaHo, 4TO yCTaHOBKOM JIONATOK U30THYTOM (POPMBI C IEPEMEHHOM IIIOLIAAbI0 TIONIEPEUHOTO
CCUYCHU B MCIKIIOIIATOYHOM IIPOCTPAHCTBEC B aKCHaJILHO-JI0NIAaTOYHBIN 3aBUXPUTCIIb BTOPHUYHOTI'O IIOTOKA
o0ecrieunBaeTcsi MaKCUMabHAsA 3(PPEKTUBHOCTH MBUICOYNCTKHA IPU MUHUMAIIBHBIX SHEPro3arparax.

KuroueBble ciioBa: BHXpeBOfI MbUICYJIOBUTCIIb, Y CJIICHHBIN OKCIICPUMCHT, aKCUAJIbHO-
JIOIIATOYHEIN 3aBUXPUTECIIb, THAPOANHAMUKA, THAPABINYCCKOC COIIPOTHBIICHUC, 3(1)(1)6KTI/IBHOCTI)
MNbUICYJIABJIMBAHU A
UDC 621.928.9
R.V. Romanyuk, M.G. Lagutkin, N.V. Danilenko, A.S. Sokolov (Moscow Polytechnic University,
Russia) E-mail: romanyuk217@gmail.com
Influence of the design of the secondary airflow axial-blade swirler on hydrodynamics of a vortex
dust collector

The article presents the results of computer simulation of gas dynamics of a secondary airflow
dust collector with different designs of the lower axial-blade swirler. It shows that the installation of
curved blades in the lower axial-blade swirler will provide the maximum dust cleaning efficiency with
the minimum energy consumption.

Keywords: secondary airflow dust collector, numerical experiment, axial-blade swirler,
hydrodynamics, pressure drop, dust collection efficiency

YK 66.095.26
I A. I'ankun, kano. mexu. nayx, FO.T. Cenusanos, C.HU. Jlazapes, 0oxkmopa mexn. nayk, M.C.
Aobpamos, ILM. Manun (Tamboeckuii 2ocyoapcmeennulii mexnuueckuil ynusepcumem, Poccus) E-
mail:_paragam@inbox.ru
IHoBbIeHHe 3P PEeKTHBHOCTH JUCIIEPTHPYIOLIET0 YCTPOUCTBA 1 (POPMHUPOBAHUA MCXOAHOM
IMYJIbCHH NIPH CYCIICH3NOHHON MOJMMEPH3alMi MeTHIMETAKPHJIATA

HccnenoBaHo BIusSHUE KOHCTPYKTUBHBIX M TEXHOJIOTMUECKHUX ITapaMeTPOB Ha AUAMETpP Kamelb
AMYJIBCHUH, ITOJIy4a€MbIX C IPUMEHEHUEM BEPTUKAIBHOTO IUCIIEPTUPYIOLIETO YCTPOHCTBA CTPYHHOIO
TUMAa (BEpTUKAIBLHON epPOPUPOBAHHOMN TPYOKH) /1715l NPOBEACHUSI CYCIIEH3MOHHOM MOJIMMepU3alun
METWIMETaKpuiara. B pe3ynbpTare aHanu3a pe3yibTaToB OINBITOB IIOJIY4EHbI 3aBUCUMOCTH pa3Mepa
KareJb MepBUYHON AMYJIBCUU IUCIIEPCHOM (a3bl OT MapaMeTPOB AUCIIEPTUPYIOIIETO YCTPOUCTBA U
(U3UKO-XMMUYECKHX CBOMCTB CUCTEMBbI. Pe3ylibTaThl MccaeI0BaHUN MOTYT OBITh MOJIE3HBI TIPU
PEKOHCTPYKIIMU PEAKTOPOB NEPUOANUECKOTO AEUCTBHUS, a TAK)XKE MTPH MPOEKTUPOBAHUU PEAKTOPOB-
HOJIMMEPHU3aTOPOB HEMIPEPHIBHOTO IEHCTBUS (CO BCTPOSHHBIMHU TUCIIEPIUPYIOIIMMHU YCTPOICTBAMU U
MeIIaJKaMu JJi OpraHu3aluy MOTOKa CIUIOMIHOM (pa3bl), HampuMmep, AJis MOJIUMEPHU3ALUN U
COIOJIMMEPHU3ALINN METHUIIMETAaKpPHIIaTa.
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KiroueBnle ci1oBa: PCAKTOP-NIOJIUMCPU3ATOP CYCIICH3MOHHAA MMOJIMMCpHU3alln,
MCTHUJIIMETAKpHJIaT, MOHOAUCIICPCHAA OSMYJIbCHA
UDC 66.095.26
P.A. Galkin, Yu.T. Selivanov, S.1. Lazarev, M.S. Abramov, P.M. Malin (Tambov State Technical
University, Russia) E-mail: paragam@inbox.ru
Improving the efficiency of a dispersing device for forming an initial emulsion in the process of
suspension polymerization of methyl methacrylate

The influence of design and technological parameters on the diameter of emulsion droplets
obtained by means of a vertical jet-type dispersing device (vertical perforated tube) for suspension
polymerization of methyl methacrylate was studied. As a result of the analysis of the experimental
results, the dependences of the droplet size of the primary emulsion on the parameters of the dispersing
device and the physicochemical properties of the system were obtained. The results of the research can be
used in the reconstruction of batch reaction equipment, as well as in the design of continuous
polymerization reactors (with built-in dispersing devices and agitators that provide an organized flow of a
continuous phase), for example, for the polymerization and copolymerization of methyl methacrylate.

Keywords: polymerization reactor, suspension polymerization, methyl methacrylate,
monodisperse emulsion
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B.I'. ’Kykoe, 0-p mexu. nayk, B.M. Yecnoxos, kano. mexn. nayk, H./l. /Iykun, 0-p mexu. nayx (BHUH
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Pacuer BJ1aro3anoiHEHHOCTH 0CaJIKA BA0JIb paauyca B (pUJIbTpyouIeid neHTpudyre mocijie ero
MEXaHNYEeCKOM CyIIKHU

PaCCMOTpeHa 3aa4a pacdeTa BJIaro3aloJHCHHOCTHU IOPOBOI'0 NPOCTpPaHCTBA OCaaKa IMOCJIC €Tro
MEXaHUYECKOM CYIIKH B IeHTpUudyre ¢ nepudepuitHoi GuibTpyroieil TOBEPXHOCTHI0. AHATUTUYECKH
noJrydeHa opmylia pacyeTa BJIOJIb PaJiiyca BIIAar03aloTHEHHOCTH 0CaIKa (PYIIBTPATOM KalMJUIIPHOU
KalMBI C Y4Y€TOM JIOTHOPMAJIBHOI'O pAaCIIPEACIICHUSA PAa3MEPOB I10P. Yurena A0JIg BJIaru B I1opax,
BHOCHMas CBA3aHHBIM (1)I/IJ'II>TpaTOM. HpOI/IJ'IJ'IIOCTpI/IpOBaHO CYIICCTBOBAHUC MMOAOMIBEHHOI'O CJIOA
KaHI/IJIJI}IpHoﬁ KaliMBI. Y CTaHOBJICHA BO3MOKHOCTD OrpaHHU4YCHUA yU€Ta HAMMCHBUICTO JUaMETpa IOp B
CTOPOHY OOJIBIIIEr0 pa3Mepa pU MOCTPOSHUH FMCTOIPAaMMBI U PacyeTe BJIAr03arnoIHEHHOCTH 0Ca/IKa.
HpI/IMepOM pacucTa MOoATBEPKACHO COIJIaCOBAHUC PE3YJIbTATOB C U3BECTHBIMU DKCIICPUMCHTAJIbHBIMU
JaHHBIMHU, MOJTYYCHHBIMHA JJI1 CYCHGH?,I/II\/'I XUMHWYCCKUX U He(i)TC}l06I)IBaIOHII/IX IMPON3BOACTB B
¢upTpyromux neHTpudyrax. OCHOBHBIMH BapbHUPYyEMBbIMU KOHCTPYKTOPCKUMH U TEXHOJIOTHUECKUMHU
napaMeTrpaMu pacderoB Mo 3G(HEeKTUBHON MEXaHUYECKOW CYIIIKE Oca/ika B poTope (GUIbTPYIOIIeH
HEHTPU(PYTHU ABISAIOTCS PaIuyC OKPY>KHOCTH PACIIONIOKEHUS ero (GUiIbTPYIOLel MOBEPXHOCTH, YTIoBas
CKOpPOCTb U MaKCUMAaJIbHBIN pa3Mep Mop B OCAJIKE.

KiroueBblie ciioBa: puinbTpyromas neHTpudyra, ocaok, JOrHOpMaIbHOE paclpeieleHue,
KammuIsipHas KaiiMa, MOoJIONIBEHHBIN CJIOM, pacueTHasi (opMyIia, BIIaro3arnoJTHEHHOCTh BAOJb pajanyca
UDC 66-96:621.928.3
V.G. Zhukov, V.M. Chesnokov, N.D. Lukin (All-Russian Research Institute of Starch and Processing
of Starch-Containing Raw Materials — a branch of the Federal State Budgetary Scientific Institution
"Federal Potato Research Center named after A.G. Lorkh™, Russia) E-mail: z-v-gr@mail.ru
Calculation of moisture filling of the sediment along the radius in the filtering centrifuge after its
mechanical drying

The problem of calculating the moisture filling of the pore space of the sediment after its
mechanical drying in a centrifuge with a peripheral filtering surface is considered. An analytical formula
was obtained for calculating along the radius of moisture filling of the sediment with the filtrate of the
capillary fringe, taking into account the lognormal distribution of pore sizes. The proportion of moisture
in the pores introduced by the bound filtrate is taken into account. The existence of the plantar layer of
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the capillary fringe is illustrated. The possibility of limiting the consideration of the smallest pore
diameter towards a larger size was established when constructing a histogram and calculating the
moisture content of the sediment. The calculation example showed the agreement of the results with the
known experimental data obtained for suspensions of chemical and oil-producing industries in filter
centrifuges. The main variable design and technological parameters of calculations for the effective
mechanical drying of sediment in the rotor of a filtering centrifuge are the radius of the circle of its
filtering surface, the angular velocity and the maximum pore size in the sediment.

Keywords: filtering centrifuge, sediment, lognormal distribution, capillary fringe, plantar layer,
calculation formula, moisture content along the radius

KPUOTI'EHHASA TEXHUKA. ITIPOU3BOACTBO U IPUMEHEHUE
ITPOMBIIIIVIEHHBIX I'A30B. BAKYYMHAS TEXHUKA

YIK 621.564.27
B.JI. Bonoapenko, 0-p mexn. nayk, E-mail: vbondarenko@cryoin.com
(Mockosckuit zocyoapcmeennsiit mexuuueckuii ynueepcumem um. H.3. baymana, Poccus);
FO.M. Cumonenko, 0-p mexu. nayk (000 «Kpuoun Huxcunupunzy, 2. Qdecca, Ykpauna);
A.A. Huzpun, E.B. Medyweesckuii (00ecckasn HAYUOHANbHAA AKAOEMUS NUWLEELIX MEXHON0UIL,
Ykpauna)
JIaGopaTopHbIi 0KMKMTEIb BOJOPOAA ¢ HEOHOBBIM X0JIOAMJIbHBIM HUKJIOM

Pa3paborana KoMOMHUPOBAaHHAS YCTAHOBKA JUISl 00CCIICUCHIS JTAOOPATOPHBIX HCCIICIOBAHUH B
unrtepBaie remneparyp 21...30 K. IIlpumeHneH HEOHOBBIN HUKJI BBICOKOTO AABJIEHUS C OXJIaXKICHUEM
MPSIMOTO TTOTOKA B BAaHHE C @30TOM, KHUIIAIIUM IO/ BAKYyMOM. 3a cueT HEOHOBOTO pedpurkepaTopa
JIaBJIEHUE B BOJOPOAHOM KOHTYpe cHIkeHO 10 1 MIla. B pexxume oxukeHust Bogopoaa
IPOM3BOIUTEIBHOCTE KOMILIEKCA COCTABIISET 18 aM>/4 1o opToBoxopoay, 13 av®/4 o mapaBogopoy.
Y cTaHOBKOM TaKke 00eCrednBaeTCsl 0KMKCHHE HEOHA C PacXooM 7 ,Z[M3/‘{. Co3aH onbITHBIA 00paser]
KOMOMHHMPOBaHHOW BOJOPOAHO-HEOHOBOM cucTeMbl. B Gi10ke KOMIIPUMHPOBaHUS UCIIOIb30BaHbI
,I[I/Ia(bpaFMeHHBIe KOMIIPECCOPLBI pOCCPIfICKOl“O IIpOU3BOJCTBA. YcTaHoBKa npeaHazHa4ycHa 1JIAd
MCCJICIOBAHUI TETUION3OJISIIMN, KOHCTPYKIIMOHHBIX CBOMCTB MaTEPHAJIOB U MPO1IecCOB (pa3oBoit
cerapanuvu B TCXHOJIOTUAX MMOJYUCHUSA JICTKUX HHEPTHBIX I'a30B. >KI/II[KI/II\/'I HCOH UCIIOJIB3YCTCA AJIA
MMUTAIMH YCIIOBUH, OJM3KHUX K BOJOPOJHOMY YPOBHIO TEMIIEpATyp. 3a CYET 3TOr0 NMpeaABapUTEIbHbIE
HCIIBITAHUSA BOAOPOAHOT'O O60py,[[OBaHI/I}I MMPOBOIATCA C MIPUMEHCHUEM OTHOCUTCIIBHO 0€e3011acHOTO
XJIaaarcHra.

KuroueBnle ciioBa: IOHWKJI BBICOKOI'O AaBJICHHA, L[I/Ia(l)paFMeHHBII\/'I KOMIIpEeCCop, )KI/I,[[KI/Iﬁ BOOOPOL,
JKUJIKUW HEOH, KOHBEPCHA BOJOpOAa
UDC 621.564.27
V.L. Bondarenko, E-mail: vbondarenko@cryoin.com
(Bauman Moscow State Technical University, Russia);
Yu.M. Symonenko («Cryoin Engineering» Ltd, Odessa, Ukraine);
A.A. Chyhrin, E.V. Medushevsky (Odessa National Academy of Food Technologies, Ukraine)
Laboratory hydrogen liquefier with neon refrigeration cycle

A combined unit to provide laboratory research in the temperature range of 21...30 K is
developed. Neon high-pressure cycle with straight-flow cooling in a bath of nitrogen boiling under
vacuum was used. The neon refrigerator reduced the pressure in the hydrogen circuit to 1.0 MPa. The
productivity of the complex in the hydrogen liquefaction mode is 18 and 13 dm®/h for ortho- and
paramodification, respectively. The unit is also capable of liquefying neon at a flow rate of 7 dm*h. A
prototype of a combined hydrogen-neon system was created. The diaphragm compressors made in Russia
are used in the compression unit. The unit is designed for thermal insulation research, structural
properties of materials and phase separation processes in technologies for producing light inert gases.
Liquid neon is used to simulate conditions close to the hydrogen temperature level. Preliminary tests of
hydrogen equipment are therefore carried out using an approximately safe refrigerant.

Keywords: high-pressure cycle, diaphragm compressor, liquid hydrogen, liquid neon, hydrogen
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VIK 621.593

A.A. /losouw, B.B. Bacunves, E.H. I'ypos (ILAO «Kpuozenmawr», 2. banawuxa Mockoeéckoii 0on.,
Poccusn) E-mail: a.dovbish@omzglobal.ru

Pa3patorka cxembl CIII'-ycTaHOBKM NPOM3BOAUTEILHOCTBIO S T/4 € a30THBIM JIETAHIEPHBIM
X0JOAUJBbHBIM IUKJIOM

I/ICCJ'IGI[OBaHa BO3MOXXHOCTBE CO3JJaHUA YCTAHOBOK IIOJTYUYCHHUSA CXKUKCHHOI'O IIPUPOJHOIO rasa
(CIIT") mpon3BOAUTENHHOCTHIO OT 5 710 20 T/4 ¢ BHENIHUM a30THBIM XOJIOMIBHBIM ITUKIOM (KaK
AJIbTCpHaTHBa CMCCCBBIM LII/IKJ'IaM). HpOBe,I[eHBI pacquHHﬁ AHAJIM3 1 CPAaBHCHUC Pa3JIMYHBIX CXEM
CIKMIKCHUS NPUPOAHOTO ra3a ¢ BHCIIHUM a30THBIM ACTAHACPHBIM HUKIIOM. I[JISI YCTAaHOBOK
IMPOU3BOJUTCIbHOCTBIO 10 20 t/u MNPpEAIIOUYTUTEIILPHO IPUMCHCHHUE CXEMBI C IBYMS JC€TaHACpaMU.
Pa3zpaboTanbl OCHOBHBIEC TEXHHUYECKHE PEIICHHS, 00ECIIEYMBAIOIINE YHUBEPCAILHOCTh YCTAHOBKHU TIPU
JIOCTAaTOYHO BBICOKOU A PexTuBHOCTH. [IJIs1 KOHKPETHOTO 3aKa3uuKa pa3padOTaH MPOEKT YCTAHOBKHU
CIIT" mpon3BOAUTETHHOCTRIO 5 T/4, Oa3UPYOIIEHCs HAa BHEIIHEM a30THOM JICTaHIEPHOM ITUKJIIE C IBYMSI
JETaHIepaMU.

KuaroueBble c10Ba: KpUOreHHAsI TEXHUKA, 30T, @30THBIA TEPMOJUHAMUYECKUI [IUKII,
TypboaeTannepHo-kommnpeccopuslii arperat (TAKA), cxmxennsiit npupoausiii ra3 (CIID), kommpeccop,
ACTAaHACP, YACIBHBIC 3aTPaThl SHCPIruu
UDC 621.593
A.A. Dovbish, V.V. Vasiliev, E.I. Gurov (PJSC «Cryogenmash», Balashikha, Moscow region, Russia)
E-mail: a.dovbish@omzglobal.ru
Development of a scheme of LNG plant with the capacity of 5 t/h with the nitrogen expander
refrigeration cycle

The possibility of creating LNG plants with the capacity of 5 to 20 t/h with the external nitrogen
refrigeration cycle (as the alternative of mixed refrigerant cycles) has been considered. The simulation
analysis and comparison of various schemes for liquefying natural gas with the external nitrogen
expander cycle have been carried out. For plants with the capacity of up to 20 t/h, preference is given to
the scheme with two expanders. The main technical solutions have been developed to ensure the
versatility of the liquefaction unit with the sufficiently high efficiency. For the specific customer, the
project has been developed for the LNG plant with the capacity of 5 t/h, based on the external nitrogen
expander cycle with two expanders.

Keywords: cryogenics, nitrogen, nitrogen thermodynamic cycle, turboexpander-compressor set
(TECS), liquefied natural gas (LNG), compressor, expander, specific energy consumption

KOMIIPECCOPBI. HACOCBI. TPYBOITPOBOJHASA APMATYPA

YAK 621.512
B.E. Il]ep6a, 0-p mexn. nayk, A.-X.C. Tecocanos, kano. mexu. nayk (Omckuii 2ocyoapcmeeHHulil
mexnuueckui ynueepcumem, Poccusn)
E-mail: Scherba_V_E@list.ru
MaremaTu4eckasi Moge/Ib pa0d04uX MPOLECCOB MOPIIHEBOM rHOPHIHOM JHEPreTHYeCKO MAIIHHBI
00beMHOr0 1eliCTBHS € Fa30BbIM KOJIAKOM U IBYMSl BCACHIBAKIIUMH KJaNlaHAMU

[Ipemioskena MaTemMaTudeckas MoJIesIb pabOYMX MPOLIECCOB MOPIIHEBOM THOPHIHON
SHEPreTUYecKON MallliHbl 00bEMHOTO JIEUCTBUSA C Ta30BbIM KOJIIIAKOM U JIByMS BCAChIBAIOIIMMHU
KJIallaHaMH, B KOTOPOM 3a CUET BO3/IEUCTBUS MOBEPXHOCTHBIX CUJI HA OXJIAXK/IAIOIIYIO KUJIKOCTh
MHTEHCU(PHUIIMPOBAHO €€ JBIKEHUE B pyOAIlIEYHOM IPOCTPAHCTBE, UTO CIIOCOOCTBYET YIYULICHUIO
OXJIAKIEHUS] KOMIIPUMHUPYEMOTO Ta3a U, Kak ciencTsue, mosbimennto KI1J[ u koaddummenta mogaym.
MaremaTtrueckas MO/IeSIb OCHOBaHA Ha OOIIMX YPaBHEHUSX COXPAHEHUS YHEPTHH, MAaCChl U ABM)KEHUS, a
TaK)K€ YPaBHEHUAX COCTOSIHMS 111 KOMIIPUMUPYEMOTO ra3a U OXJIAKJAIOLIEN KUIKOCTH, U BKIIOYAET
pacyer TepMOAMHAMUYECKUX MapaMETPOB B MOJOCTAX MEPEMEHHOTO U MOCTOSHHOTO 00beMa C y4eTOM
JUHAMUKU JABUKEHUSI CAMOICUCTBYIOIIMX KJIAMAHOB, PAacUeT JIBUKEHUSI ra3a U )KUJKOCTHU B
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COCAMHUTCIIbHBIX KOMMYHHKAIIUAX. Maremarndeckas MOACIb MOXKET GBITB MOJIC3HA JJI1 MPOBCACHUA
aHaJIn3a BIUWAHNUA OCHOBHBIX OKCILTYAaTAllUOHHBIX U TCOMETPUUCCKUX ITapaMETPOB Ha pa60qne IMPOUECCChI
N UHTCTPAJIbHBIC XapaKTCPUCTHUKU I/ICCJIGI[yeMOI\/’I MalIuHBbI.

KuroueBble ciioBa: IopiIIHEBasa FI/I6pI/I,I[Ha$I OHCPreTU4YCCKasd MalirHa, ra30BBIN KOJIIIaK,
TETIO0OMEH, OXJIAXKJAI0Iast )KUKOCTh, IIOPIICHb, IIMITHH]IP
UDC 621.512
V.E. Shcherba, A.-Kh.S. Tegzhanov (Omsk State Technical University, Russia)
E-mail: Scherba_V_E@list.ru
Mathematical model of working processes of the reciprocating hybrid volumetric energy machine
with the gas cap and two suction valves

The mathematical model of working processes of a reciprocating hybrid power machine of
displacement action with a gas cap and two suction valves in which at the expense of influence of surface
forces on a cooling liquid its movement in a jacket space is intensified that promotes improvement of
cooling of the compressed gas and, as consequence, increase in efficiency and factor of delivery is
offered. The mathematical model is based on general conservation of energy, mass and motion equations
as well as equations of state for the compressible gas and cooling fluid and includes calculation of
thermodynamic parameters in the cavities of variable and constant volume taking into account the
dynamics of self acting valves, calculation of gas and fluid motion in the connecting communications.
The mathematical model can be useful for analyzing the influence of basic operational and geometrical
parameters on working processes and integral characteristics of the investigated machine.

Keywords: piston hybrid power machine, gas cap, heat exchange, coolant, piston, cylinder

KOMILVIEKTYIOIUE U3AEJIUSA. TIPUBOPHI

YK 62-752.2
K.A. Bawmyp, B.A. Kauaeea (Cubupckuii ghedepanvusiit ynueepcumem, 2. Kpacuoapck, Poccus);
B.B. Byxmospoes, B.C. Toinuenxo, kanouoamut mexu. Hayk (Cubupckuii ghedepanvhulii
YHugsepcumem, Cudupckuii 20cyoapcmeerplil yHugepcumem HAyKu U mexHoa02uii UMeHu
akaoemurka M.D. Pemuemnesa, 2. Kpacnosapck, Poccus) E-mail: bashmur@bk.ru
MarnuToxuaKocTHasi BUOpoonopa st 000py10BaHUsI YCTAHOBKH NPOM3BOACTBa OMOMETaHA
OnuuMm 13 3 PEKTUBHBIX METOA0B BUOPOU3OIISIIIMM 000PYAOBAHNS YCTAHOBOK OUYMCTKU OHorasa
ABJIACTCA IPUMCHCHUC BI/I6p00HOp, IIpU 5TOM NEPCICKTUBHBI TCXHOJIOTUHU ITOJIYAKTHUBHOT O
BI/I6pOFaHI€HI/I${, OCHOBHBIM JOCTOMHCTBOM KOTOPBIX SABJIACTCA CTaOWJIBHOCTD U AJAalITUBHOCTH K
YCJIOBUSAM pa6OTLI TEXHOJIOTHUYCCKOI'O O60py,Z[0BaHI/I${. HpeﬂnomeHa KOHCTPYKIHA HOHyaKTHBHOﬁ
BUOPOOIIOPHI C MATHUTHOM JKUJIKOCTBIO, OTJIUYUTEIILHON OCOOEHHOCTBIO KOTOPOU SIBJISIETCSI
paCH_II/IpeHHHﬁ JAraria3oH pa6OHI/IX XapaKTCPUCTHUK U YMCHBIICHHAS NHTCHCUBHOCTb NU3HOCA COCTABHBIX
yactei. [Ipeacrasien aHanus AeMnupyomux XapakTepUCTUK MOJTyaKTUBHOM BUOPOOIOPHI €
INOCTOSAHHBIMHU MarHuTaMu. Pa3pa60T dHa UMHUTallMOHHAasA MOJAC/Ib BI/I6pOOH0pI>I. P C3YyJIbTAThI
MOACIINPOBAHUA CBUACTCILCTBYIOT 00 YMCHBUICHUHW BJIUSHUA BI/I6paIII/II/I Ha KOHTPOJIMPYEMBIC TOYKH.
KuroueBnle ciioBa: IMMOJIYaKTUBHOC BI/I6p0FaH_IeHI/Ie, MarduToKUAKOCTHAasA BH6poonopa,
MarouTopeoJorundccKkas XuaKoCTtb, UMUTAlUOHHAA MOACIIb
YK 62-752.2
K.A. Bashmur, V.A. Kachaeva (Siberian Federal University, Krasnoyarsk, Russia);
V.V. Bukhtoyarov, V.S. Tynchenko (Siberian Federal University, Reshetnev Siberian State University
of Science and Technology, Krasnoyarsk, Russia)
E-mail: bashmur@bk.ru
Magneto-liquid hydraulic vibration support for equipment of biomethane plant
One of the effective methods of vibration isolation of the equipment of biogas treatment
installations is the use of vibration supports. Technologies for semi-active vibration damping are actively
developing, the main advantage of which is their stability and adaptability to the operating conditions of
process equipment. The paper presents the design of a semi-active vibration support with magnetic fluid,
the distinguishing feature of which is an extended range of performance and reduced wear rate of the
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components. An analysis of the damping characteristics of a semi-active vibration support with
permanent magnets is presented. A simulation model of the considered vibration support was developed.
The simulation results indicate a decrease in the influence of vibration on controlled points.

Keywords: semi-active vibration damping, MR-damper, vibration support, magnetorheological
fluid, simulation model

V]IK 66.015.23
H.A. Boiinos, 0-p mexn. nayk, A.C. @ponos, H.IO. Koxcyxoea, kanouoamot mexu. nayk, A.B.
bozamxkoea (Cubupckuit zocyoapcmeentlil yHugepcumen HaykKu U mexHoa02ull UMEeHU aKademuKda
M.®. Pewuemnesa, 2. Kpacnoapck, Poccus)
E-mail: n.a.voynov@mail.ru
CoBepuIeHCTBOBAHHE MACCOOOMEHHO TapeJIKM ¢ PUKCUPOBAHHBIMM KJIANIAHAMM

[IpencraBneHsl pe3yabTaThl HCCIEI0OBAHUS THAPOJUHAMUKHA U MacCOOOMEHa Ha Tapelike ¢
(bHKCHpOBaHHBIM KJIalTaHOM U C YCOBEPIICHCTBOBAHHBIM KJIalITaHHO-BUXPEBBIM KOHTAKTHBIM
YCTpOfICTBOM. HyTeM OKCIICPUMCHTAJIbHBIX I/ICCHGILOBaHI/If/’I " YMCJICHHOTO MOACIIUPOBAHNA B IIPOrpaMme
OpenF OAM YCTAHOBJICHBI ITOJISL CKOpOCTeﬁ JKUAKOCTHU U T'a3a, a TAKIKE CTPYKTYpPa ra30CoOACPIKAHUS B
CJIOC )KMAKOCTHU Ha TapCIIKE. Honyqua 3aBUCUMOCTDb aMIIJIUTY/AbL KoJe0aHus cMecHu Ha TapeJIKE OT
pacxoa rasa ajil NpeacTaBJICHHbBIX KOHTAKTHBIX YCTpOﬁCTB. YcTaHOBIICHBI MUPKYJIAOUOHHBIC IIOTOKH
JKUJKOCTH Ha Tapellke, ONIPENEIICH CPENHETIOBEPXHOCTHBIN TMaMeTp Iy3blpbKa rasa. [IpencraBinensl
OKCIICPUMCHTAJIBHBIC TAHHBIC 3(1)(1)6KTI/IBHOCTI/I u KOB(I)(i)I/IL[I/IeHTa MacCoOoTAa4u M. yCTaHOBJ'IeHO, qToO
HanOosbIIel 2pPEeKTUBHOCTHIO U MPOITYCKHOMN CIIOCOOHOCTBIO IO KUAKOCTH U Ta3y XapaKTepU3yeTcs
KJIaIlTaHHO-BUXPEBaAs TapCJiiKa.

KuroueBble cjioBa: MaCC006M€H, Tapejb4aTbIC KOJIOHHBI, BUXPEBAAd TapCiiKa, YUCIICHHOC
MOJCIHUPOBAHUC, I'a30COACPIKAHUC, 9(1)(1)6KTI/IBHOCTI>
UDC 66.015.23
N.A. Voinov, A.S. Frolov, N.Yu. Kozhukhova, A.V. Bogatkova (Reshetnev Siberian State University of
Science and Technology, Russia)
E-mail: n.a.voynov@mail.ru
Improvement of the mass-exchange tray with fixed valves

The results of a study of hydrodynamics and mass transfer on a tray with a fixed valve and an
improved valve-vortex contact device are presented. Through experimental research and numerical
simulation in the OpenFOAM program, the fields of liquid and gas velocities, as well as the structure of
the gas content in the liquid layer on the tray, were established. The dependence between the amplitude of
oscillations of the mixture on the tray, on the gas flow rate for the presented contact devices is obtained.
The circulation flows of the liquid on the tray are established, the average surface diameter of the gas
bubble is determined. Experimental data on the value of the mass transfer coefficient and efficiency are
presented. It has been established that the valve-vortex plate has the highest efficiency and capacity for
liquid and gas.

Keywords: mass transfer, tray columns, vortex tray, numerical simulation, gas content, efficiency

YK 669.539

M.M. Mamnun, 0-p mexu. nayx, B.A. Kazanxkun, E.H. Kazaukuna, Kanouoamot mexu. HayK
(Bonzozpaockuii 2ocyoapcmeennslii mexuuueckuit ynugeepcumem, Poccus)

E-mail: matlin@vstu.ru

KoncTpynpoBanue 3y64atbix KoJec (0030p nyoauxayuii)

[TpuBenen 0630p KOHCTPYKIIHH 3y0UaThIX KOJEC, COJIEPKAIINXCS B COBPEMEHHOM IMTEpaType,
MaTeHTaxX ¥ aBTOPCKUX CBHETENhCTBAX. OMUCaHbl KOHCTPYKIIMH, 00ECIeYnBaroIne pa300pHOCTh KOJIec,
CHI)KCHHE KOHTAKTHBIX HAMPSKEHHH, MOBBIIICHUE JOJITOBEYHOCTH U HECYIIEH CITOCOOHOCTH KOJIeC.

KuroueBble ci10Ba: KOHCTPYKITUHU, PEIYKTOPHI, TPUBO/IBI, 3yOUaThIe KoJieca
UDC 669.539
M.M. Matlin, V.A. Kazankin, E.N. Kazankina (Volgograd State Technical University, Russia) E-mail:
matlin@vstu.ru
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Design of gear wheels (publication review)

The paper provides an overview of the designs of gears contained in modern literature, patents and
copyright certificates. Structures are described that make it possible to ensure the dismantling of wheels,
reduce contact stresses, and increase the durability and bearing capacity of the wheels.

Keywords: structures, gearboxes, drives, gear wheels

ABTOMATU3ALIUA PACYETOB U IPOEKTUPOBAHUSA
YK 66.026.2
A.B. Ilposopos, A.A. Ilasnos, kanouoamul mexu. nayk, A.E. J/levedes, 0-p mexn. nayk (Apocnaeckuii
20Cy0apcmeeHH bl mexHu4ecKuili ynueepcumem, Poccus)
E-mail: provorovav@ystu.ru
MeTtoauka pacyera onop TexHOJOrH4eCKUX TPyOOIPOBOIOB MeTOA0M KOHEYHBIX 3J1€MEHTOB
[Ipennaraercst METoaMKa pacyeTa MOABMXKHBIX U HEMOBUKHBIX OMOP TEXHOJIOTHYECKUX
TPYOOIIPOBOIOB HA TPOYHOCTH METOJJOM KOHEUHBIX 3JICMEHTOB. J[aHbI pEKOMEH/IAlUHU TI0
MOJICTTUPOBAHUIO AJIEMEHTOB KOHCTPYKIIMH, B3aUMOCHCTBYIOLIUX C OTMIOPOiA, IO BEIOOPY pacyeTHON
CXEMBI, 33/IaHUI0 KHHEMAaTHYE€CKUX W CUJIOBBIX TPAHUYHBIX YCIOBH. [loydeHHbIe pe3ybTaThl MOTYT
OBITH TIOJIE3HBI JIJIs1 000CHOBAHHOTO BHIOOPA TUIIOPA3MEPOB OIMOP MPH MPOSKTUPOBAHUH TPYOOIIPOBOIOB.
KiroueBble ¢JioBa: OMIOPBI, TPYOOIIPOBOIBI, MOICIIb, KOHEYHBIE 3JIEMEHTHI, TPAHHYHBIC YCIIOBUS,
MPOYHOCTH, HAMPSKEHHE, PACUETHI, IPOCKTUPOBAHKE

UDC 66.026.2
A.V. Provorov, A.A. Pavlov, A.E. Lebedev (Yaroslavl State Technical University, Russia) E-mail:
provorovav@ystu.ru
Methodology for calculating supports of technological pipelines by the finite element method
The article proposes a method for calculating the strength of movable and fixed supports of
technological pipelines by the finite element method. Recommendations are given for the modeling of
structural elements interacting with the support, the choice of the design scheme, the assignment of
kinematic and force boundary conditions. The results obtained can be used for a reasonable choice of
standard sizes of supports in the design of pipelines.
Keywords: supports, pipelines, model, finite elements, boundary conditions, strength, stress,
calculations, design

HHOPOPMALIIUA

YK 66.069.833:621.64(048.83)

HU.0. Mukynénok, 0-p mexu. nayk (Hayuonanovnwiit mexnuueckuit ynueepcumem Ykpaumnul
«Kuesckuii nonumexnuueckuii uncmumym umenu Heopa Cuxopckozo») E-mail:
i.mikulionok@gmail.com

Knaccupukauus ycTpoicTs 1Ji BBOAA U pacnpeaeseHus Jérkoii ¢gaspl B MacCo00OMEHHbIX
KOJIOHHAX (00630p namenmog)

[Ipemnoxena kmaccudukaius yCTpOHCTB JUIsl BBOJA U pactipeesienust TErkon (asel (rasa, mapa,
ra30napoBOi CMECH, KUIKOCTH) B MAaCCOOOMEHHBIX KOJIOHHAX. BhIMONHEH KpuTuieckuii 0030p Haubosee
XapaKTEepPHBIX KOHCTPYKIIUN YKa3aHHBIX YCTPOMCTB.

KiroueBble cjioBa: MaccOOOMEHHBIN KOJIOHHBIN ammapar, ycTpoicTBa s pacnpeieseHus U
nepepacnpeziesieHns ra3a, KOHCTPYKIIMA XUMHUYECKOro 000pyA0BaHUS
UDC 66.069.833:621.64(048.83)
1.0. Mikulionok (National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”) E-mail: i.mikulionok(@gmail.com
Classification of devices for supply and distributing the light phase in mass-exchanged columns
(patent review)

A classification of devices for supply and distributing a light phase (gas, vapor, gas-vapor
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mixture, liquid) in mass-exchanged columns is proposed. The critical survey of the most characteristic
designs of the specified devices is realized.

Keywords: mass-exchanged column apparatus, devices for distribution and redistribution of
liquid, designs of chemical equipment

YK [678.053+678.057.2]:621.771.06-027.28(048.83)

HU.O0. Mukynénox, 0-p mexn. nayk (Hayuonanvnolii mexnuueckuil ynusepcumem YKpaunot
«Kuesckuii nonumexnuueckuit uncmumym umenu Hzopa Cukopckozo»)

E-mail: i.mikulionok@gmail.com

Knaccupukanus moybix BAJIKOB BAJIKOBBIX MAIIUH /IJIsl NePepadoTKU MOJMMEPHbIX MAaTEPHAJIOB U
PE3HHOBBIX cMeceii (0030p KoHcmpyKuuit)

Pa3zpaborana kinaccudukaiys moiabix BaIKOB (BaJIKOB C IEHTPAIBHON MOJIOCTHIO) BAIKOBBIX
MaIluH JUIst nepepaboTKH MOJTUMEPHBIX MAaTEePUAIIOB U PE3MHOBBIX CMecei. BhImoHeH KpuTHaecKkuit
0030p HanboJiee XapaKTEPHBIX KOHCTPYKITUH TOJIBIX BAJIKOB.

KiaroueBble cJ10Ba: INIACTHYECKHE MacCChbl, PE3MHOBLIC CMECH, BAJIKOBBIC MAllINHBI, MHOJIBIN BaJIOK,
KJ'IaCCI/I(bI/IKaI_II/I}I, KOHCTPYKIIMU
UDC [678.053+678.057.2]:621.771.06-027.28(048.83)

1.0. Mikulionok (National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”) E-mail: i.mikulionok@gmail.com

Classification of hollow rolls of roller machines for the processing of polymeric materials and
rubber (survey of designs)

A classification of hollow rolls (rolls with a central cavity) of roll machines for the processing of
polymeric materials and rubber is proposed. A critical survey of the most characteristic hollow rolls is
realized.

Keywords: plastics, rubber, roller machines, hollow roll, classification, designs
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AHHOTAIUM CTaTel KypHaIa « XUMHYeCcKoe U HepTerazopoe MAaIIMHOCTPOECHUE)
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HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATALIUA

IMPOOECCHI U OBOPYJOBAHHUE
XUMHYECKHUX U HE®TEI'A30BBIX TEXHOJIOT U

YOK 66.021.3
A.M. Bosk, kaHO. mexH. Hayk, [J.F0. Mbimbko (Benopycckuli 20cydapcmeeHHbIl
mexHoJsio2u4yeckuli yHusepcumem, 2. MuHck, Pecnybnuka benapycso)
E-mail: anatoliyvolk@mail.ru
UccnepoBaHue NeHOYHOro Te4YeHMUA XUOAKOCTU B nepcopupoBaHHOM LUNTUHAPUYECKOM
KaHane perynspHo-CTPYKTYpMpOBaHHOW HacaaKu

BbinonHeHo MaTemMaTuyeckoe MoaennpoBaHme NIIEHOYHOrO TeYEHUS XUAKOCTU Ha
nepdopnpoBaHHON LMNUHAPUYECKON NOBEPXHOCTU, MOLESNMPYIOLLIEN KaHan perynsipHo-
CTPYKTYpPUpOBaHHOM Hacagku. MiccneposaHa ruapoauHamMmnka XXMAKOW MieHKW, paccynTaHbl
rmapoauHamMmyeckue napameTpbl No4 BO34ENCTBUEM 3aKPYYEHHOro ra3oBoro notoka. OnmucaHo
BMMSHWE nepdopaLmmn Ha U3SMeHeHne cteneHn TypOyneHTHOCTU NAEHOYHOIo TeYEHUS.

KuroueBble ciioBa: nByx(dasHbie CUCTEMBI, 3aKpyYEHHBINA MOTOK, IeppOoprpoBaHHBIN KaHa,
MaTeMaTu4deCKasa MOJACJIb, IINICHOYHOC TCUCHUC
UDC 66.021.3
A.M. Volk, D.Yu. Mytsco (Belarusian State Technological University, Minsk, Belarus)
E-mail: anatoliyvolk@mail.ru
Study of the liquid film flow in a perforated cylindrical channel of a regularly structured
packing

Mathematical modeling of a film flow on a perforated cylindrical surface (model of a channels of
regularly structured packing) has been performed. The hydrodynamics of a liquid film has been studied,
and the hydrodynamic parameters under the influence of a swirling gas flow have been calculated. The
influence of perforation on the change in the degree of film flow turbulence is described.

Keywords: two-phase systems, swirling flow, perforated channel, mathematical model, film flow
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TI'opoamosa» PAH, Poccus) E-mail: sem-post@mail.ru
TepMopery/impoBaHue BO3AYIIHON Cpelbl B KOHTeHepe CHCTEMOM 3aMOPOKEHHBIX KAICyJI

[IpuBeneHb pe3yabTaThl pACUETHOTO U OMBITHOTO UCCIIEIOBAHMS OXJIAXKICHUS BO3AYITHON CPEIbI
CUCTEMOM 3aMOPOKEHHBIX IO KPUOCKOIMYECKOM TeMIIepaTyphl Karcyl (aKKyMyJIsSsTOPOB X0JIOAA) B
TETJION30JIMPOBAHHOM KOHTEHHEPE B YCIOBUAX WHTEHCHBHOTO KOHBEKTUBHOTO MEPEHOCA OT UCTOYHUKA
xoJ10/1a K 00pabaTeiBaeMO BO3AYIITHOW cpesie. Ha 6aze JaHHBIX T€OMETPUYECKOro U (U3UKO-
MaTEeMaTUYeCKOT0 MOJEITUPOBAHMS] YCTAHOBJIEHA aICKBATHOCTh KOJUYECTBEHHOTO YHCICHHOTO aHAIN3a
Ipollecca TeMmIonepeHoca ONbITHRIM HabmoneHUAM. [TomyYeHHbIe pe3yIbTaThl MOTYT OBITh MOJE3HBI IPU
IIPOCKTUPOBAHUH M PAacUeTe XOJOIMILHOTO 000PY/I0BAHNS, OCHOBAHHOTO HA TPUMEHEHUHU
AKKaMYJISITOPOB XOJIO/IA.

KitoueBble cjioBa: MOJIETUPOBaHUE, MPOIIECC TEIIIONEPEHOCA, aKKaMYJISTOP X0J10/1a, KOHBEKITHS,
HUCTOYHUK, KOHTEMHED
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UDC 621.593
E.V. Semenov, V.A. Irkha, M.V. Klokonos (K.G. Razumovsky Moscow State University of technologies
and management (the First Cossack University), Russia);
B.S. Babakin, S.B. Babakin, A.N. Suchkov (All-Russian Research Institute of Refrigeration Industry —
a branch of the Federal State Budgetary Institution ""FSC of Food Systems named after V.M.
Gorbatov'" of the Russian Academy of Sciences, Russia) E-mail: sem-post@mail.ru
Thermal regulation of the air environment in the container with a system of frozen capsules

The article presents the results of an experimental and theoretical studies of the air cooling
induced by the system of frozen to cryoscopic temperature capsules (cold accumulators) in a heat-
insulated chamber under conditions of intense convective transfer from the source of cold to the treated
air medium. On the basis of the data of geometric and physico-mathematical modeling the adequacy of
the quantitative analysis of the heat transfer process to experimental observations has been established.
The obtained results can be used in the design and calculation of cooling equipment based on the use of
cold accumulators.

Keywords: modeling, heat transfer process, cold accumulator, convection, source, container
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M.A. IIpommos, B.Al. bopuies, 0okmopa mexn. nayk, A.JO. Cmenanog, kano. mexu. HayK
(Tambosckuii 2ocyoapcmeennvlii mexHuveckuil ynHugepcumem, Poccus)
E-mail: promtov.ma@mail.tstu.ru
OcobeHHOCTH pacyeTa MOIHOCTH POTOPHOI0 MMILYJIbCHOI'O aNNapara ¢ Npo(puIHPOBAHHBIM
poropom

Pazpaborana MeTonuka onpeesieHus 3aTpaT MOITHOCTH B POTOPHOM MMITYJIbCHOM arIapare ¢
npoGUINPOBAHHBIM POTOPOM MPU MAJIOM 3a30P€ MEXKAY KPBIIIKON U MOBEPXHOCTHIO poTopa. BeimonHen
aHaJIN3 3aTpaT MOIIHOCTH Ha MPCOJ0JICHHUEC ) KUAKOCTHOI'O TPCHUSA B TOPLUECBLIX 3a30pax MCKAY COOCHBIMU
KOJIBLICBBIMH BBICTYIIAMH B ITIOJIOCTHU POTOPA U HA KPBIIIKE POTOPHOT'O UMITYJIbCHOI'O allriapara. OcHoBHas
4aCTh MOIIHOCTH 3aTPAYMBACTCA HA IIPEOAOJICHNE TPEHUS B PAJHAIIEHOM 3a30P€ MEXIY POTOPOM U
CTaTOpOM. 3anaTbI MOIIHOCTH B TOPLECBLIX 3a30paxX U HA BPAIICHHUEC )KUAKOCTHU B ITIOJIOCTHU POTOpPA HA
IIOPAAOK MEHBIIIE, YEM 3aTPAThI MOIITHOCTH B paaIvaIbHOM 3a30p€ MEXKIY POTOPOM U CTATOPOM.
YcraHoBieHa Xopomasa CXOAUMOCTD PACUCTHBIX U OKCIICPUMCHTAJIbHBIX JaHHBIX I1O HOTpC6J’IHCMOI>i
MOIIIHOCTH MpH 00paboTKe CycleH3uu Onorymyca u npu oOpaboTKe ra30iiist JUisl KOHCTPYKIIMHU arlrapara
¢ MpO(UIMPOBAHHBIMUA POTOPOM M KPBILIKOM.

KaroueBble ci10Ba: pOTOPHBIA UMITYJIBCHBIN anmnapaT, MOIIHOCTb, 3a30P, pOTOP, TPEHHE
UDC 632:658.011.46
M.A. Promtov, V.Ya. Borshchev, A.Yu. Stepanov (Tambov State Technical University, Russia) E-mail:
promtov.ma@mail.tstu.ru
Features of calculating the power of a rotor-stator impulse device with a profiled rotor

A technique has been developed for determining the power consumption in a rotor-stator device
with a profiled rotor having a small gap between the cover and the rotor surface. The power consumption
to overcome fluid friction for end gaps between coaxial annular protrusions in the rotor cavity and on the
cover of the rotor-stator device was analyzed. The main contribution to the power costs is made by the
energy to overcome the friction in the radial gap between the rotor and the stator. The power consumption
in the end gaps and for the rotation of the fluid in the rotor cavity is an order of magnitude less than the
power consumption in the radial gap between the rotor and the stator. Comparison of calculated and
experimental data on power consumption in the processing of vermicompost slurry and gas oil for a
design with a profiled rotor and apparatus cover was performed with good convergence.

Keywords: rotor-stator device, power, clearance, rotor, friction
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yHueepcumem; Cudupckuii 20cyoapcmeenvlil yHugepcunenm HayKu U mexHoano2uil UMenu
axkadoemuxka M. D. Pewemnesa, 2. Kpacnoapck, Poccus)
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BunTOBOI POTOPHBIN MOIYJIb TYPOMHBI THAPONPUBOAA BPAIIATEIbHOI0 e CTBUS

[Ipencrasiena pazpaboTaHHasi KOHCTPYKIHSI POTOPHOTO MOJYJIsi TYPOMHBI THUIPOIPUBOIA
BpamaTCJIbHOIo ,HeﬁCTBHH, OTIIMYUTENLHON 0COOEHHOCTHIO KOTOpOﬁ SIBJIIAETCSI HaHECEHHBII Ha
BHYTPEHHEH MOBEPXHOCTH BUHTOBOM penbed), SBISIOMIMNICS pad0YNM 3JIEMEHTOM POTOpa TYpOHHBI, UYTO
o0ecIIeunBaeT CHIYKEHUE BEIMYMHEL BO3HHUKAOIMUX T'HAPABINYCCKHUX COHpOTI/IBJ'IeHI/Iﬁ 3a CUET HU3KOU
CTENEHM MEPEKPBITUS )KUBOTO ceueHus notoka. [lonrorosnens! 3D-monenu pazpadboTanHoON 1
JIOTIATOYHOM KOHCTpYKIHi, nmpoBeaeHo CFD-MonenupoBanue moaydeHHbIX Mozenel. [TomyueHs
XaPaKTEPUCTUKU KPYMAWUL MOMEHM — YACMOMA 8paujerus ik 000X TUTIOB KOHCTPYKITHH.
[TocTpoensl rpaduku 3aBUCUMOCTH KO3 GUITUEHTA THAPABINYECKUX COMTPOTHUBIICHUNA OT YaCTOTHI
BpalieHus. Pe3ynbTaTel MPOBEAEHHBIX HCCIEIOBAHUN CBUICTENBCTBYIOT O CHIDKEHHH KO3 QHIIneHTa
TUAPABIMYECKUX COMPOTHUBIICHUN MTPU TPUMEHEHUH BUHTOBOTO POTOPHOT'O MOJTYJIsSI TYpOUHBI (B
CpPaBHEHHH C JIONaTOYHOU KoHCTpyKuel). [Ipu 00pémMHOM pacxone 60,48 M>/4 1 qacToTe BpauieHus 250
MHH pa3paboTaHHON KOHCTPYKIIMEH oOecreynBaeTCs 3HaUUTEIbHOE YMEHbIIEHUE KO3 uirenTa
THPABINYECKUX CONPOTUBIICHHH (Y poTOpHOTO MOayIisi — 0,7, y JIonaTo4HOM KOHCTpyKuuu — 1,9).

Kntroueswle cnoea: poTopHbIil MOyJlb, BAHTOBOI penbed, TypOoOyp, TUIPOIPHUBO/I,
TUAPABINYCCKUEC COMMPOTHUBIICHUA, THAPOANHAMNYCCKOC MOJCIIMPOBAHUC
UDC 622.24.054
K.A. Bashmur, A.N. Dimov, O.A. Kolenchukov (School of Petroleum and Natural Gas Engineering,
Siberian Federal University, Krasnoyarsk, Russia);
V.S. Tynchenko (School of Petroleum and Natural Gas Engineering, Siberian Federal University;
Reshetnev Siberian State University of Science and Technology, Krasnoyarsk, Russia) E-mail:
bashmur@bk.ru
Rotary screw turbine module of hydraulic actuator

In this paper the developed design of the rotary turbine module of hydraulic actuator is presented.
Its distinctive feature is the screw relief applied on the inner surface, which is a working element of the
turbine rotor and allows reducing the values of emerging hydraulic resistances due to low degree of
overlap of the live section of the flow. 3D-models of the developed and bladed designs were prepared.
CFD-modelling of the received models has been conducted. Torque-RPM characteristics have been
obtained for both types of designs. The diagrams of dependence of the hydraulic resistances coefficient
on rotation speed are plotted. The results of the researches made indicate the reduction of hydraulic
resistances coefficient at application of the rotary screw turbine module in comparison with a bladed
design. At the volumetric flow rate of 60.48 m3/h and the rotational speed of 250 rpm the developed
design nearly triples the value of hydraulic resistances coefficient (0.7, for the bladed design — 1.9).

Key words: rotary module, screw relief, turbodrill, hydraulic actuator, hydraulic resistances, CFD-
modelling

YK 66.066.3
O.10. Epenkog, 0-p mexu. nayk, /I.0. Aeopckuii (®I'bBOY BO «Tuxookeanckuit 20cyoapcmeeHHblil
YHueepcumemy, 2. Xaoapoeck, Poccus); 3.3. Azy606, 0-p mexn. nayk (Quauan ®Irs0y BO
«Maiikonckuil 2ocyoapcmeeHHblil MexXHO102u4ecKuil yuugepcumemy 6 noceinke Hononoeckom,
Poccus) E-mail: erenkov@list.ru
IlepcneKTUBHBIE KOHCTPYKIMH ANNAPATOB 1JIA 00€CCOJIMBAHUSA U 00€3BOKUBAHMS CHIPOIl HePpTH
[IpeacraBnensl onucaHuss KOHCTPYKIUNA U TPUHIUIIOB ACHCTBUS NEPCIEKTUBHBIX allaparos,
IpeHa3HaYeHHBIX JIJIsl 00€3BOKMBaHMS U 00€CCOIMBAHUS ChIpOM HepTH nepe mepBUYHON
nepepaboTkoil. OTIMYUTENIEHON 0COOEHHOCTRIO KOHCTPYKIUH SIBIISETCS HATWYHE MOIBUKHBIX
JTUCTIEPTUPYIOIIMX 3JIEMEHTOB ISl MPEABAPUTEIBHOIO THIPOJUHAMUYECKOTO BO3/ICHCTBHS HA
BOJIOHE(DTAHYIO SIMYIIBCHIO.
KuroueBble ciioBa: HeQTh, SMYIbCHUS, COJIH, FTEKTPOAECTUAPATOP, OOECCOTUBAHUE,
00e3B0’KMBaHUE, TOBEPXHOCTHOE HATSKEHUE
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UDC 66.066.3
O.Yu. Erenkov, D.O. Yavorskiy (Pacific National University, Khabarovsk, Russia); E.Z. Yagubov
(Branch of the Maykop State Technological University in the village of Yablonovsky, Russia) E-mail:
erenkov@list.ru
Prospective designs of apparatuses for crude oil desalination and dehydration

This article provides descriptions of the designs and the principle of operation of the electric
dehydrators developed by the author, intended for dehydration and desalting of crude oil before primary
processing. A distinctive feature of the structures is the presence of movable dispersing elements that
have a preliminary hydrodynamic effect on the oil-water emulsion.

Keywords: oil, emulsion, salts, electric dehydrator, desalting, dehydration, surface tension

KOMIIPECCOPBI. HACOCBI. TPYBOIIPOBOJHASA APMATYPA

V]IK 62-531.3
A.b. Kanpanoea, 0-p ¢pus.-mam. nayk, A.E. Jlebedes, 0-p mexn. nayk, H.C. I'voanoe, kano. mex.
Hayk (Apocnaeckuit 2ocyoapcmeennstii mexuuueckuii ynugepcumem, Poccun); A.M. Menvuyep (340
«HIIO Pezynsamopy, 2. Apocnasns, Poccus) E-mail: kapranova_anna@mail.ru
MoaenupoBaHue KAaBUTALUHM NPU APOCCETHMPOBAHUM MOTOKA KUIKOCTH B PEryJUPYIOIIEM KiIanaHe
C IOBOPOTHBIM 3aTBOPOM

Ha 0Oaze OQHEPICTUICCKOro METOoZia IMPCJIOKECHO OITMCAHUEC PACIIPCACIICHNA YU CJIa KaBUTAIMOHHBIX
IIy3bIpEU B 3aBUCUMOCTH OT X Pa3MEpPOB IIPU APOCCEINPOBAHUN ITOTOKA )KUIKOCTH B y3JIE
PEryIUPYIOIIETro KIanaHa YyuluHOPULecKuti cenapamop — no8opommblii 3ameop. BbIABIEHBI TapaMeTpPhl,
OKa3bIBaOIIMEC 3HAYUTCIIBHOC BJIMAHNUE HA APOCCCIIUPOBAHUC CPCAbI, U3 MHOKCCTBA I/IH(I)OpMaIII/IOHHI)IX
MNEPEMCHHBIX IIpoHecca APOCCCINPOBAHUA pa60qel71 KUAKOCTH. HpI/I aHaJIN3€e CTOXaCTHUECKOH KapTHUHBI
N3MCEHCHHUS NHTCHCUBHOCTU O6pa3OBaHI/I$I KaBUTAIIMOHHBIX Hy3I)Ip€I71 C Y4CTOM YKa3aHHBIX ITapaMETPOB
YCTAHOBJICHO: IIpU ICPEXOAC OT HavalIbHOU cTaguu JpOCCCINPOBaAHUA K ITOJJHOMY OTKPBITHIO KJIallaHa
oOecnieunBaeTcs COKpallleHUe Yncia KaBUTallMOHHBIX y3bIpeid B 1,06 pa3za npu yclIOBUM YMEHBLICHUS
ux pa3mepos B 1,36 paza.

KiaroueBble ciioBa: KaBHUTalMs, IIY3bIpU; KJIAIlaH, APOCCCIUPOBAHUEC; CTOXACTUICCKAA MOJCIIb,
(GyHKLIUU pacripeieieHus
UDC 62-531.3
A.B. Kapranova, A.E. Lebedev, I.S. Gudanov (Yaroslavl State Technical University, Russia); A.M.
Meltzer (CISC “NPO Regulyator”, Russia) E-mail: kapranova_anna@mail.ru
Modeling of cavitation during liquid flow throttling in a butterfly valve

On the basis of the energy method, a description of the distribution of the amount of cavitation
bubbles depending on their size is proposed when the fluid flow is throttled in the control valve assembly
- a cylindrical separator-rotary valve. The parameters that have a significant impact on the throttling of
the medium are identified from the set of information variables of the process of throttling the working
fluid. Analysis of the stochastic pattern of changes in the intensity of formation of cavitation bubbles,
taking into account the indicated parameters, showed that during the transition from the initial stage of
throttling to the full opening of the valve, the number of cavitation bubbles is reduced by 1.06 times,
provided that their sizes are reduced by 1.36 times.

Keywords: cavitation, bubbles; valve, throttling; stochastic model, distribution functions
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MukpoduiabTpalHOHHbIE MOJTHUMEPHbIe MeMOPaHbI JJIA pa3feaeHus] HeTAHBIX IMYJIbCHIT

OcaeleHo pa3BUTHE MUKPODIIIBTPAITMOHHBIX MEMOpPaH JIsl pa3eieHUs IMYIbCUU U3 HEPTH U
BOJibl. MccnenoBanbl mapamMeTpbl MUKPO(QHIBTPAMH HEDTSIHON IMYJIBCUU U YCTAaHOBJICHBI M3MEHEHUS
pa3MepoB YaCTHI JUCTICPCHOM (ha3bl SMYJIbCHH B GUIbTPATaX MUKPODHIBTPAITMOHHBIX KOMMEPUYECKUX U
KOMITO3UITMOHHBIX MEMOpaH ¢ TUAPOPIIbHON U THAPO(HOOHOI moBepXHOCTHIO. CpeqHue pa3Mepsl op
KoMMepueckux Memopas — 0,22...0,45 MkM, pa3Mepbl 4acTHI] TUCTIEPCHOM (a3bl HEDTIHONU IMYIbCHH —
525...554 am. B nporecce mukpodumnbtpanuu 0,1 %-Hoit HeQTSHON 3MyIIbCHH YCTAHOBJICHA BHICOKAS
MIPOU3BOIUTEIBHOCTD MOMMMEPHBIX MeMOpan — 800...12000 ILM3/(M2~H) (npu pabouem naBnenuu 0,2
MlIla). ITocne paznenenuss HeQTAHON HMYIIBCUU C IPUMEHEHHEM MUKPO(DMIBTPALIMOHHBIX MEMOpaH
Ha6J’IIO,Z[aeTC}I CHMIKCHUC KOHLICHTpALUX He(l)Tero,HYKTOB, 3aJICPIKUBAIOIIasA CHOCOOHOCTD
KOMMepUYeckux MmeMoOpas — 88...98 %, nuHamuueckoir MeMOpaHbl HEMIIOH-TTONUCTUPOI — Ooree 99 %,
KoMITo3uIIMoHHONW MeMOpaHbl HALL-1 ¢ TOBEpXHOCTHBIM CJIOEM U3 aleTara MeJIIi0103bl (HEBBICOKAs ) —
67 %. Ilocne pa3ieneHus 3MyJIbCUU HA0IIOJaeTCsl yMEHBIIIEHUE Pa3MEepOB YacTHUI AUCIEPCHON (a3bl B
dbunsTpaTax MemOpaH 10 10 pa3. Takke BBISIBIIEHO YMEHbBIIICHHE a0COIOTHOTO 3HaUCHHUS (-TTOTEHITHAIA
OMYJbCUU B (PUIBTpaTax MEMOpaH 10 CPABHEHHIO C UCXOIHBIM 3HAUEHUEM.

KuroueBble cjioBa: sMyInbcus, HeTh, pa3Mepbl 4YacTUIl, MEMOpaHbl, MUKPO(QUIbTPALIUS,
pa310XKEeHUE IMYIIbCUU
UDC 66.081.63:66.066.3
D.D. Fazullin, L.1. Fazullina, G.D. Badertdinova (Kazan Federal University, Naberezhnye Chelny,
Russia); 1.G. Shaikhiev (Kazan National Research Technological University, Russia) E-mail:
denr3@yandex.ru
Microfiltration polymer membranes for separation of oil emulsions

The paper highlights the development of microfiltration membranes used to separate emulsions
from oil and water. The study of microfiltration parameters of oil emulsions and the determination of the
change in particle size of the dispersed phase of the emulsion in membrane filtrates is presented.
Commercial and composite microfiltration membranes with hydrophilic and hydrophobic surfaces were
used. The average pore sizes of the commercial membranes used are from 0.22 to 0.45 pum, the particle
sizes of the dispersed phase of the oil emulsion are in the range from 525 to 554 nm. In the process of
microfiltration of 0.1 % oil emulsion, a high productivity of polymer membranes was established
(800...12000 dm®*m?h) at an operating pressure of 0.2 MPa. After separation of the oil emulsion using
microfiltration membranes a decrease in the concentration of oil products is observed, the retention
capacity of commercial membranes — 88...98 %, of the nylon-polystyrene dynamic membrane — more
than 99 %, of the NAC-1 composite membrane with a surface layer of cellulose acetate — 67 % (relatively
low). After separation of the emulsion, a decrease in the particle size of the dispersed phase in membrane
filtrates by up to 10 times is observed. A decrease in the absolute value of the {-potential of the emulsion
in membrane filtrates as compared to the initial value was also revealed.

Keywords: emulsion, oil, particle size, membranes, microfiltration, emulsion decomposition
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JlazepHasi TeXHOJIOTHS YTHJIM3ANUM MEYATHBIX MJIAT

[1o pe3ynbTaramMm MaTreMaTU4ECKOTr0 MOJIETMPOBAHUS TPOLIECCOB TEIJIONEPEHOCA B YCIOBHUSIX,
COOTBETCTBYIOIINX OJHOMY U3 BO3MOKHBIX BAPHAHTOB TEXHOJIOTHUH YTHIIM3AIUU TIEYaTHBIX TUIAT,
000CHOBaHa BO3MOXKHOCTH Y(P(PEKTUBHON peain3aiuy Ja3epHON TEXHOIOTUU. Y CTAHOBJICHBI 3HAYCHHUS
MOIIIHOCTHU Y TIPOJIOJDKUTEITLHOCTH BO3JIEHCTBUS JIA3€PHOTO U3IIYUYCHHUS, P KOTOPHIX TAKOH MPOIECC
YTUIU3ALUNA MOKET OBITh 3HEPT03(P(HEKTUBHBIM.

KutroueBble ci10Ba: 1a3epHbIA METO] YTUIU3AINH MIEYATHBIX TUIAT, BPEMS TUTaBICHUS
METaJUIMYECKOT0 KOMIIOHEHTa, CKOPOCTh IEPEMEILICHHUS TUIAThI, IIMPUHA CJIOEB METAJlJIa U OCHOBAaHMUS,
TETJIOBOU MOTOK, YPAaBHEHUS TETUIONMPOBOTHOCTH, YACIIEHHOE PElIeHNE
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G.V. Kuznetsov, M.D. Kats, I.M. Kats (National Research Tomsk Polytechnic University, Russia) E-
mail: riki@tpu.ru
Laser heating technology for recycling printed circuit boards
Based on the results of mathematical summation of heat transfer processes under conditions
corresponding to one of the possible options for the recycling of printed circuit boards, the possibility of
effective implementation of laser technology is substantiated. The values of laser power and exposure
times of laser radiation, for which such a recycling process is energy efficient, are established.
Keywords: laser heating approach for printed circuit board recycling, the melting time of the
metal component, speed of the printed circuit board movement, width of metal and base layers, heat flow,
heat conduction equations, numerical solution

YK 661.152

10.A. Tapan, kano. mexn. nayx, B.M. @yghaesa (MUPIA — Poccuiickuit mexnonozuuecKkuil
yuueepcumem, 2. Mockea, Poccus) E-mail: taran_yu@mirea.ru

Honyqe}me KalCyJupPOBaHHBbIX yuoﬁpeﬂnifl C KOHTPOJUPYEMbBIM BLICBoﬁo)l()IeHI/IeM IMUTATCJIbHbIX
BelIeCTB Ha 0a3e NPUWIIHPOBAHHOIO U IPAHYJIMPOBAHHOI0 KapOaMuaa

Ha ocHoBe npuITMpOBaHHOTO M TPaHyIUPOBAHHOTO KapOamuga MmoaydeHbl y100peHus
POJIOHTHPOBAHHOTO JeicTBU (KarncynupoBaHHbie). [Ipoliecc kancynupoBanus (HaHECEHUS MTOKPBITHUS)
MIPOBE/ICH HA TAOOPATOPHON YCTAHOBKE C TapelibuaThIM rpanyssatopom. MccnenoBano BIusiHUE TUA
HCXOAHOT'O I'PaHYIIMPOBAHHOIO IMOJIYIIPOAYKTA HA AUHAMUKY BBICBO60>I(I[€HI/I}I IINTAaTCJIIbHBIX BECUICCTB B
3aBUCHMOCTH OT MACCOBOM JIOJIM M COCTaBa MOKPBITH Kancyll. 1Ipu anannse KpuBbIX pacTBOPEHUS
IMOJIYYCHHBIX KalICYJIUPOBAHHBIX y,I[06peHPII>'I CACJIaHbI BBIBOJIbI O palliOHAJIbLHOM BBI60pe HCXOOHOI'O
MOJIYITPOJIYKTA JUIsI IOJyYeHUsl YAOOPEHUM C 3aJaHHBIMUA CBOMCTBAMH.

KuroueBble ciioBa: y,HO6peHI/I$[ C KOHTPOJIUPYCMBIM BBICBO60)K,Z[€HI/I€M IIUTATCIJIIbHBIX BCIICCTB,
y,[[O6pCHI/I$I C 3aMCIJICHHBIM BI)ICB060)KI[6HI/I€M NUTATCIIbHBIX BEIICCTB, YI[O6p€HI/I$I IMPOJIOHT'MPOBAHHOT' O
neicTBus, kapOamu, cepa, napadus, KarncyIiupoBaHue
UDC 661.152
Yu.A. Taran, V.M. Fufaeva (MIREA — Russian technological university, Moscow, Russia) E-mail:
taran_yu@mirea.ru
Production of encapsulated fertilizers with controlled release of nutrients based on prilled and
granular urea

Slow-acting capsulated fertilizers were obtained on the basis of prilled and granular urea. The
encapsulation process (application of a coating) was carried out on a disc granulator laboratory
installation. The influence of the type of feedstock on the dynamics of nutrient release depending on the
mass fraction and composition of the coating has been studied. Analysis of the dissolution curves for the
controlled release fertilizers obtained allowed to draw conclusions about the rational choice of raw
materials for producing a product with specified properties.

Keywords: controlled-release fertilizer (CRF), controlled-availability fertilizer, delayed-release
fertilizer, metered-release fertilizer, slow-acting fertilizer, urea, sulfur, paraffin, encapsulation

YK 628.511.4
HU.C. I'yoanos, kano. mexn. nayk, A.E. Jlebeoes, 0-p mexn. nayx, A.A. Bamazun, /I.C. /loncun
(Apocnasckuii 2ocyoapcmeennvlii mexnudeckuil ynueepcumem, Poccus)
E-mail: lae4444@mail.ru
IloBbIlIeHe PABHOMEPHOCTH pacnpeaeieHusi ra30BOro NOTOKAa B AKTHBHOM CeYeHHH
ynekTpopuabTpoB JI'AB

[TpoBenen ananm3 3KcrTyatanun GuibTpoB Thia D' AB, npenHa3HaueHHBIX I OYHCTKH Ta30B U
acIHUpaIllMOHHOTO BO3yXa OT MbUIH. [Ipeanoskena MoaepHU3aIus dIeKTpoGUIbTpa Al YCTPaHEHHUS
BUXpeoOpa30BaHMsl, CHIDKCHUSI BEPOSATHOCTH MTPOCKOKA YaCTHII (BCIIEICTBHE X BBICOKON CKOPOCTH),
yIydiieHus: cOopa OUMIIIEHHOTO Ta3a, YMEHbBIICHUS 3aCTOMHBIX 30H B KOH(Yy30pe. PanronansHO
BBIOPAHHBIM 3HAYCHHUEM YTJIa HAKJIOHA TJIACTHH 00ECIIeYMBACTCsl YMEHBIIIEHNE BEPOSTHOCTH MO IHEMHOTO
a¢dexTa, mpu KOTOPOM BO3MOXKEH MPOCKOK YACTHUI] B BepXHEe 0€33JEKTPOTHOE TPOCTPAHCTBO.
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YcTaHOBIEHO JIOKAIbHOE CHUKCHUE CKOpPOCTH B OTBOJAIICM I'a30X0€ B MMPCALCIax 7 %.

KuroueBble cjioBa: 3nekTpopuisTp, 3GpheKTUBHOCTS, nblieynaBnuBanne, CAD, pacuersl,
MOACpHHU3alUA, IIJTACTUHBL
UDC 628.511.4
I.S. Gudanov, A.E. Lebedev, A.A. Vatagin, D.S. Dolgin (Yaroslavl Stte Technical University, Russia) E-
mail: lae4444@mail.ru
Increase of uniformity of the gas flow distribution in the active section of EHAH electrostatic
precipitators

An analysis of the operation of EHAH type filters designed to clean gases and aspiration air from
dust was carried out. An upgrade of the electrostatic precipitator was proposed, which made it possible to
eliminate vortex formation and reduce the likelihood of particles slipping due to their too high speed, and
to improve the collection of purified gas. At the same time, the stagnant zones in the confuser should be
reduced. A specially selected angle of inclination of the plates also guarantees a decrease in the likelihood
of a lifting effect, in which particles can slip into the upper electrode-free space. There is a local decrease
in velocity in the outlet gas duct within 7 %.

Keywords: electrostatic precipitator, efficiency, dust collection, CAD, calculations,
modernization, plates

TEXHOJIOI'UA U3I'OTOBJIEHUSA

YK 621.777.01

B.1O. Apxanzenvckuii, 0-p mexH. nayx, C.B. lllubanog, kano. mexu. HayKk

(A0 «@®HIIl] «<HHH npuknaonoii xumuuy, 2. Cepeuee Ilocao, Poccus);

O.B. Tunvkos, 0-p mexu. nayk (Mockosckuii nonumexuuueckuii ynugepcumem, Poccus) E-mail:
arwadim@mail.ru

JKCNepUMEHTAIbHOE UCCIIeI0BAHNE 3aBUCUMOCTH Npou3BeaeHus: K03 duuueHTa BHELIHEr o
TPEHUA U KOI)(l)(l)]/IIII/IeHTa 00KOBOI0 JAaBJICHUA l'[OpOHIKOOﬁpEBHbIX MaTepHaJIOB OT JaBJCHUSA
npeccoBaHus

[Ipemioskena sKcriepuMeHTaTbHAs METOIUKA ONPEACTICHUS TPOu3BeAeHUs K03 punreHToB
BHCHIHCTO TPCHUS U OOKOBOTO JAaBJICHUS B 3daBUCUMOCTHU OT AABJICHUS IPCCCOBAHMUA. IIo pe3yibTaTaM
HCHBITaHUHU HOpOHIK006pa3HI)IX MaTCpHraJIOB YCTAHOBJICHA CUJIbHAA KOPPCIALMOHHAA CBA3b 3HAYEHUN
MMPOU3BCACHUA KOB(l)(i)I/ILII/IeHTOB BHCIIHCT'O TPCHUS U OOKOBOTO JAaBJICHUS C JaBJICHHUEM IIPECCOBAHNS B
unTepBaie nasiennit 30...350 MIla. 'unore3a o mocToAHCTBE MpOU3BEACHUS KO DUIIMEHTOB
BHCHIHCTO TPCHUS U OOKOBOTO JAaBJICHUS ITPU UBMCHCHHUHU NABJICHUA IIPECCOBAHUS SKCIICPUMCHTAJIBHO HC
MOATBECPKACHA, OAHAKO MOKET BBIIIOJHATHCA AJII HCKOTOPBIX HOpOIHKOO6pa3HI>IX MaTcpHraJioB B
OIrpaHUYC€HHOM MHTCPBAJIC I[aBJ'IeHI/Iﬁ MpeCcCoOBaHUA.

KuroueBble ci1oBa: moponikooOpa3Hbld MaTepual, MIOTHOCTh, JaBJICHHUE, PECCOBKA,
KOB(i)CI)I/II_II/ICHT BHCIIHCTO TPCHUA, KOB(i)(l)I/II_II/IeHT OOKOBOTO JAaBJICHUS, paCIIpEACIICHUC HaHpH)KeHI/Iﬁ
UDC 621.777.01
V.Yu. Arkhangelskiy, S.V. Shibanov (Applied Chemistry R&D Institute JSC, Russia); O.V. Tinkov
(Moscow Polytechnic University, Moscow, Russia)

E-mail: arwadim@mail.ru
Experimental study of the compacting pressure influence on the product of the external friction
coefficient and the lateral pressure coefficient for powder materials

The experimental methodology of determination of the product of the external friction coefficient
and the lateral pressure coefficient depending on the compacting pressure is suggested. The results of
powder materials testing show that the values of the product of the external friction coefficient and the
lateral pressure coefficient have strong correlation with the compacting pressure in the pressure range
30...350 MPa. The hypothesis about the external friction coefficient and the lateral pressure coefficient
product constancy (when the compacting pressure changes) hasn’t been confirmed experimentally but it
may be implemented for some powder materials in the limited pressure range.

Keywords: powder material, density, pressure, compacting, external friction coefficient, lateral
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pressure coefficient, stress pattern

VYIK 621.789
A.B. Cmenanos, 0-p mexu. nayk, B.H. Ckonoyos, kano. mexu. nayx, A.C. Boponun, M.K. Crxonvyoea,
B.B. Cmanomuna (I1AO «Kpuozenmawry, 2. banawmuxa Mockoeckoui 061., Poccus)
E-mail: a.stepanov2@omzglobal.com
I/ICCJIe}IOBaHI/IH MeXaHUYEeCKHX CBOMCTB 06pa3u03 U3 CiliaBa Al-Mg-Sc, MOJYYC€HHBIX ME€TOA0OM
CCJICKTUBHOI'O JIA3€PHOI0 CIIJIABJICHUSA

[Ipencrasiensl pe3ynbTaThl HCCIEAOBAHUSA MUKPOCTPYKTYPBI M IIPOYHOCTHBIX XapaKTEPUCTUK
06p33HOB, IMMOJIYYCHHBIX MCTOJ0M 3D-neuatu (CGJ’ICKTI/IBHOFO JIa3€pHOro CHJIaBJ'IeHI/ISI) 13 CIljiaBa
cucteMbl Al-Mg-Sc 1 moaBepruyTHIX TepMUUECKOi 00padoTKe.

KitroueBble ci10Ba: allOMUHHUEBBIN ciiaB, 3D-miedars, CTpyKTypa, CBOMCTBA
UDC 621.789
A.V. Stepanov, V.I. Skoltsov, A.S. Voronin, M.K. Skoltsova, V.V. Stanotina
(PJSC «Cryogenmash», Russia) E-mail: a.stepanov2@omzglobal.com
Study of the mechanical properties of products obtained by selective laser melting from an alloy Al-
Mg-Sc

The article presents microstructure and strength studies of products obtained by 3D-printing
(selective laser melting) from an alloy Al-Mg-Sc and then heat-treated.

Keywords: Al-alloy, 3D-printing, structure, properties

NHOOPMALIUA

YK 66.045:621.643.4-023.846(048.83)

H.O0. Mukynénox, 0-p mexn. nayk (Hayuonanvnotii mexnuueckuil ynusepcumem YKpaunol
«Kueeckuit nonumexnuueckuii uncmumym umenu Hzopa Cuxopckozo») E-mail:
i.mikulionok@gmail.com

Kinacenpukanus coennHeHuii Tpyd ¢ TPyOHBIMM pelIETKAMHU TEXHOJIOTHYECKHUX aANNapaToB (0630p
namenmoe)

[Tpemioskena kiaccudukanus COeJMHEHUH TpyO ¢ TpyOHBIMU PEIIETKAMU TEXHOJIOTHYECKHX
annaparoB. BeinosnHeH kpuTHueckuil 0030p HanboJiee XapaKTepPHBIX KOHCTPYKLIUN yKa3aHHBIX
YCTPOMCTB.

KuroueBble ci10Ba: TEXHOJOTUUECKHI anmapar, TpyOHas peméTka, COeuHeHne Tpyo ¢
TPYOHBIMU PEHIETKAMHU, KOHCTPYKIIMM XUMUYECKOT0 000pYyJOBaHUS
UDC 66.045:621.643.4-023.846(048.83)

1.0. Mikulionok (National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”) E-mail: i.mikulionok@gmail.com
Classification of tube to tube sheet joints of technological apparatuses (patent review)

Classification of tube-to-tube sheet joints of technological apparatuses is proposed. The critical
survey of the most characteristic designs of the specified devices is realized.

Keywords: technological apparatus, tube sheet, tube-to-tube sheet joint, designs of chemical
equipment
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AHHOTAIUM CTaTel KypHaIa « XUMHYeCcKoe U HepTerazopoe MAaIIMHOCTPOECHUE)
Ne 7-2022

HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATALIUA

IMPOOECCHI U OBOPYJOBAHHUE
XUMHYECKHUX U HE®TEI'A30BBIX TEXHOJIOT U

YK 66.021.3/4
HU.H. Maoviues, O.C. /[mumpuesa, kanouoamul mexu. nayk, A.O. Masacoea, A.H. Hukonaes, 0-p
mexH. nayk (Kazanckuii HayuonanvHulil UCC1€008amMeNbCKUTL MEXHON02UYeCKUIl YHUGepCUmem,
Poccus) E-mail: ilnyr_91@mail.ru
Onpeueﬂeﬂne TEIJIOBBIX ITOTOKOB BO BCTPOCHHOM B KOJIOHHY L[eqmerMaTope nmpu }Il/laﬁaTl/I‘leCKOﬁ
pexkTHUKANUN
[IpemioskeHsl cxema peann3anui 1uadaTHIecKoi peKTu(GUKauu (CO BCTPOSCHHBIMH
3MECBHUKOBBIMHA I[e(I)J'ICFMaTOpaMI/I B TapeHanTOﬁ KOJ'IOHHC) U MaTCMATHUYCCKOC OIMMCAHUC ITPOLCCCa
OTBOJa TCIIJIOTHI OT I[e(l)JICI‘MaTOpOB IIpU KOHACHCAIUW Ha pr6ax 3MCCBHKA BOCXOAAIIHNX I1apOB
paszenseMoit cMecHu amunosulil cnupm — 6ooa. OnpeneneHa TEIIoBasi MOIHOCTh BCTPOSHHOTO
neduiermMaTopa ¢ y4eToM TerIo(pu3nIeCcKiX CBOMCTB CMECH U MECT PACIIONIOKCHHS 3MECBUKOB.
YBennuenue TEMIICPATYPhI TCINIOHOCUTEIIA Ha BbIXOAC 3MCCBUKOBOT'O I[e(I)JIerMaTopa IIPpUBOJHUT K
CHIYKEHUIO TETIOBOM MoITHOCTH. HanbospIiee KoJiMuecTBO TEIIOBOM MOIITHOCTH MPUXOIUTCS Ha
HUKHHE TapeNKU KOJOHHBI (IIPU MPOYUX PABHBIX YCIOBHUAX ). 3HAUEHUS CpeHET0 KO3 uireHTa
TCIUIOOTAAYM ITPHU KOHACHCAIUHU MTAPOB KUJAKOCTHU YBCIIMYUBAIOTCA C ITOBBIICHUEM TEMIICPATYPbL
TEIJIOHOCHUTEIS (BOBI) Ha BBIXO/E JeiermaTopa, 0OJJHAKO JIMHEHHBIA KOA(DPHUITMEHT TeTuionepeaadn
IIPH 3TOM CHUXaeTcs. I yBeIMYeHHsI TeTJIOBOM MOITHOCTH AeierMaropoB (U, CIeI0BaTEIIBHO,
3 PEKTUBHOCTH pa3lIeICHUs KUIKUX CMECEH) 1es1ecoo0pa3HO MPUMEHSATh Pa3InYHbIC METOIbI
WHTEHCU(DHUKAIIUY TETJIO00MEHA C HApYKHOM CTOPOHBI TPYO.
KiroueBble ciioBa: ,Z[I/Ia6aTI/I‘-IeCKa$I peKTI/I(I)I/II(aI_II/ISI, I[e(pnerMaTop, TC1a0BasA MOIIIHOCTD,

KOA((UIIMEHT TerIonepe1auu
UDC 66.021.3/4
I.N. Madyshev, O.S. Dmitrieva, A.O. Mayasova, A.N. Nikolaev (Kazan National Research
Technological University, Russia) E-mail: ilnyr_91@mail.ru
Determination of the heat flows in the built-in column reflux exchanger during diabatic
rectification

During diabatic rectification, the internal flows of the separated mixture change in column height
due to heat exchangers placed on plates through which the coolant circulates. The authors of the article
propose a scheme for implementing diabatic rectification with integrated coil reflux exchangers in a
poppet column and a mathematical description of the process of heat removal from them during
condensation of ascending vapors of a separated ethyl alcohol — water mixture on the coil pipes. The
thermal power of the built-in reflux exchanger is determined by considering the influence of
thermophysical properties and the location of the coils. An increase in the coolant's temperature at the
outlet of the coil deflector leads to a decrease in thermal power. All other things being equal, the largest
amount of thermal power falls on the lower plates of the column. The values of the average heat transfer
coefficient during condensation of liquid vapors increase with an increase in the coolant's temperature
(water) at the outlet of the reflux exchanger, however, the linear heat transfer coefficient decreases. In
order to increase the thermal capacity of the reflux exchangers (and, consequently, the efficiency of
separation of liquid mixtures) it is advisable to use various methods of intensifying heat exchange from
the outside of the pipes.

Keywords: diabatic rectification, reflux exchanger, heat output, heat transfer coefficient
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Y]K 665.652.4.095
A.C. Honeun, H.C. I'yoanos, kano. mexu. nayx, A.E. J/Ieveoes, 0-p mexn. nayx, A.A. Bamacun
(Apocnasckuii 2ocyoapcmeennvlii mexnuveckuil ynugepcumem, Poccus)
E-mail: goudanov@yandex.ru
K Bonpocy o nosbimenny 3¢ peKTUBHOCTH CTPYIHOI0 PEAKTOPA CEPHOKHCJIOTHOIO
AJIKWJINPOBAHUA

Pazpabotana ycoBepieHCTBOBaHHAsI KOHCTPYKIIMS PEAKTOPa aKUIMPOBAHUS TOBBIIICHHOM
3¢ peKTUBHOCTH, TIPUBEACH MPUHIIMIT pa0OTHI TAKOTO peakTopa. [[aHo onrcaHne HOBBIX 3JIEMEHTOB
peakropa. [loaydeHbl H30KOHTYpPBI CKOPOCTEN ITOTOKA B KOHTPOJIBHBIX CEYEHUAX PEAKTOPa I
TPaJULIMOHHON U MOJICPHU3UPOBAHHOM KOHCTPYKIIMI PEAKTOpa, Ha OCHOBE KOTOPBIX MOATBEPKACHA
3 PEKTUBHOCTH MPUMEHEHHS HOBBIX TEXHUYECKUX PEIICHUH.

KuroueBrbie ciioBa: AJTKUWJIMPOBAHHUE, pCAKTOP, OKTAHOBOEC YHUCJI0, AUCTICPTHUPYIOUIEC COILIO,
UPKYISIUOHHBIC TPYObI, CTEIIEHb IPEBPAIICHUS
UDC 665.652.4.095
D.S. Dolgin, I.S. Gudanov, A.E. Lebedev, A.A. Vatagin (Yaroslavl State Technical University) E-mail:
goudanov@yandex.ru
About the increase of efficiency of a jet sulfuric acid alkylation reactor

An improved design of an alkylation reactor of increased efficiency has been developed. The
principle of operation of such a reactor is given. New reactor elements are described. The isocontures of
flow velocities in the control sections of the reactor for the traditional and improved designs are obtained,
from which the effectiveness of the use of new technical solutions is shown.

Keywords: alkylation, reactor, octane number, dispersing nozzle, circulation pipes, degree of

transformation

YK 66.074
B.3. 3unypos, P.Al. buxkkynoe, A.B. /[mumpues, 0-p mexu. nayx (Kazanckuii 2zocyoapcmeennuiii
IHepeemuyeckuil ynueepcumem, Poccusn); O.C. /Imumpuesa, kano. mexu. nayx (Kazanckuii
HAUUOHANIbHBLIL UCCIC008AMENbCKUN MeXHON0ZUuYecKull yHusepcumem, Poccus) E-mail:
ieremiada@gmail.com
Pacuyer 3¢ peKTUBHOCTH YJIABJIUBAHUA MEJIKOAUCIEPCHBIX YACTHI[ CENAPANMOHHBIM YCTPOICTBOM
¢ KaHAJIaMH1 KBAAPATHOI'0 CEYCHUA

HpennaraeTc;I KOHCTPYKIUA CCIIapalluOHHOTO YCTpofICTBa C KaHaJIaMH KBaJApaTHOI'O CCUCHUSA JIA
YyJaaBJIWBaHHA MECJIKOJUCIICPCHBIX YaCTHI U3 I'a30BbIX ITOTOKOB. HpoaHaIII/ISI/IpOBaHO BIIUSAHUC
KOHCTPYKTUBHBIX U TCXHOJIOTHYCCKUX ITAPaAMETPOB (TaKI/IX KaK CKOpPOCTb rada, IMaMeTp 4aCTUL, pa3MECPhbI
cenapalMoOHHON 30HbI, IIMPUHA KaHAJIOB) Ha A3((EKTUBHOCTH YIaBJIMBaHUA yacTull. [TomyueHsl
YpaBHCHHUA UIS pacucTa 3(1)(1)CKT HUBHOCTHU CCllapaliliy YaCTULl PA3JIMYHBIX THAMETPOB, a4 TAKKEC
SKCIIOHEHIMAJIbHOE YPaBHEHHE 3aBUCUMOCTH 3(P(PEKTUBHOCTH CENapalliOHHOI0 YCTPONUCTBA OT YHCIia
Crokca. Pacueramu YCTAHOBJICHO, YTO CCIIAPALIMOHHOC YCTpOﬁCTBO C KaHaJIaMH KBaJApaTHOI'0 CCYCHUA
3 PEKTUBHO IS YIATCHHUS METKOAUCTIEPCHBIX YaCTHUIL (ISl YaCTHUIl JUAMETPOM 0oJiee 5 MKM
s dexTuBHOCTS yeTporicTBa 6mu3ka k 100 %).

KuaroueBsble c10Ba: cenapaiiOHHOE YCTPOMCTBO, YJIaBJIMBAHUE MEJIKOAMCIIEPCHBIX YACTHII,
OYHCTKa rasza, 3 (peKTUBHOCTh
UDC 66.074
V.E. Zinurov, R.Ya. Bikkulov, A.V. Dmitriev (Kazan State Power Engineering University, Russia);
O.S. Dmitrieva (Kazan National Research Technological University, Russia) E-mail:
ieremiada@gmail.com
Calculation of the efficiency of capturing of fine particles by a separation device
with square channels

The design of a separation device with square-shaped channels for separation of fine particles
from gas flow is proposed. The influence of design and technological parameters, such as the gas velocity
at the inlet and the particle diameter, the size of the separation zone and square channels, on the
efficiency of capturing solid particles from the gas stream, was analyzed. Equations for determining
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efficiency of particles separation and an exponential equation of the efficiency of the separation device
from the Stokes numbers are proposed. Studies have shown that a separation device with square-shaped
channels is efficient for separating small particles (when separating particles larger than 5 microns the
efficiency of the separation device is close to 100 %).

Keywords: separation device, fine particle capture, gas purification, efficiency

KOMIIPECCOPBI. HACOCBI. TPYBOITPOBOJHAS APMATYPA

YK 621.512
B.E. Il]ep6a, 0-p mexn. nayk, A.B. I'pucopves, kano. mexu. nayk (Omckuii 2ocyoapcmeeHHblil
mexHuueckuil ynusepcumem, Poccus)
E-mail: Scherba_V_E@list.ru
AHaans 3(1)(1)6KTI/IBHOCTI/I PAa3JIHYHBIX CII0CO00B OXJVIAKACHUA C)KUMAEMOI'0 ra3a B INIOPIIHEBLIX
KOMIIpeccopax nNpHu M3MEHEHHH OCHOBHBIX IKCIUIYAaTAIHOHHBIX IAPAMETPOB

HccnenoBaHo BIMSHUE pa3IMuHbIX (PAKTOPOB HAa CPAaBHUTEIBHYIO Y3PPEKTUBHOCTD Pa3IMYHBIX
CUCTEM OXJIAKACHUA KOMIIPUMUPYEMOI'O I'a3a B ITIOPIIHECBOM KOMIIPECCOPEC (BHpBICK KHUIKOCTH,
JKUJIKOCTHAs pyOarieyHasi CUCTEMa OXJIaXICHHsI, CUCTEMa BO3YIIHOTO oXJiaxaeHus ). [IpuBenens! u
IMpOaHaAJIU3NPOBAHbI 3ABUCUMOCTH KOB(b(i)I/II_II/ICHTOB, YUYUTBHIBAOIIUX U3MCHCHHUC PA3JIMIHBIX (baI(TO]C)OB
TEIJIONEepeIadi B MOPIITHEBOM KOMITpeccope (TUI0Iaau Terionepeaaronieii ToBEpXHOCTH,
KOB(I)(bI/II_II/ICHTa TCILIOOTAAYU, TEMIICPATYPHOI'O HAIIOPA U IIPOJOJIZKUTCIIBHOCTHU T eIUI000MeHa B mponecce
CKaThs ra3a), a TaKke 001mero kKodguIMeHTa, YIUTHIBAIOIIETO KOJTUIECTBO OTBEICHHON TETUIOTHI B
mponecce CxKaTtus ra3a, OT OCHOBHBIX SKCIITYaTaHUOHHBIX IIAPAMETPOB KOMIIpECCOpPA — YaCTOThI
BpalICHHA KOJICHYATOI'O Bajla U AABJICHUA HAarHCTaHU . CIIGJIaHLI BBIBOJIbI O 3BHAYUMOCTU JaHHBIX
K03 PHUITMEHTOB C TOUKH 3peHHS YPPHEKTUBHOCTH PACCMOTPEHHBIX CUCTEM OXJIAXKICHHS.

KuaroueBble c10Ba: NOPIIHEBOM KOMIIPECCOP, CUCTEMA OXJIAKICHUS, BIIPBICK )KUIKOCTH,
BO3YIIHOC U JXKUJAKOCTHOC OXJIAXKJICHUC
UDC 621.512
V.E. Shcherba, A.V. Grigoriev (Omsk State Technical University, Russia)
E-mail: Scherba_V_E@list.ru
Analysis of the efficiency of various ways of compressible gas cooling in reciprocating compressors
with changes in key operating parameters

The influence of various factors on the comparative efficiency of various cooling systems for
compressed gas in a reciprocating compressor (liquid injection, liquid jacket cooling system, air cooling
system) has been studied. The dependences of the coefficients that take into account the change in
various heat transfer factors in the reciprocating compressor (heat transfer surface area, heat transfer
coefficient, temperature difference and duration of heat transfer in the gas compression process), as well
as the total coefficient, which takes into account the amount of heat removed in the gas compression
process, from the main operational compressor parameters - crankshaft speed and discharge pressure.
Conclusions are drawn about the significance of these coefficients from the point of view of the
efficiency of the considered cooling systems.

Keywords: reciprocating compressor, cooling system, liquid injection, air and liquid cooling

ABTOMATU3ALIUA PACYETOB U IPOEKTUPOBAHUSA

YK 621.165.533
ILII. Owenkos, I1.P. Banrvexo Manvoonaoo, JI.B. Bunozpaoos, kanouoamet mexu. nayx, B.K.
Mamaee (Poccuiickuii ynusepcumem opy#covt Hapooos, 2. Mockea, Poccus) E-mail: oshchepkov-
pp@rudn.ru, prvm@rambler.ru
ABTOMATHU3HPOBAHHOE NOCTPOECHHUE pPelIeTKH npoduJieii Ha ocHoBe oBajia Kaccunu

[Tpu pazpaboTke TypOOMAIIMH Pa3IMIHOTO Ha3HAUYEHHUS TPOSKTUPOBAHKE JIOMIATOYHOTO armapaTa
(mocTpoeHue a3poJMHAMUYECKH TNIaJKUX MpoQuiieit) sBisieTcs TpYA0eMKO MHOTO(aKTOPHO 3a1aueil.
[TepciekTuBeH cmoco0d MPOEKTUPOBAHUSI TPO(HIIEH C HCTIOTH30BAaHHEM CBOHCTB KPEMOHOBBIX
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npeoOpa30BaHuil MJIOCKOCTU C COBMABIIUME F-Toukamu, re 00beKTOM peoOpa3oBaHuil ABISETCS OBaJl
Kaccunu. [IpencraBnensl pe3yabTaThl aHATUTUYECKOTO MOCTPOCHHSI PEIIETKH MPOPUICH METOI0M
npeoOpaszoBanuii ['mpcra. s peanuzanuu npeiaracMoii MaTeMaTHYeCKON MOJIeN pa3padoTaHbl
AJITOPHUTM M (Ha €ro OCHOBE) MaKeT MPUKIIAIHBIX IPOrPaMM, SIBJISIOMUXCS (PaKTHISCKU
ABTOMATH3UPOBAHHOM CUCTEMOM MPOEKTUpOoBaHUA. [IpuBeieHbl HEKOTOpPbIE pacyeTHbIE (OPMYIIHI,
OTPaXXCHO BJIMAHUEC ITOJIOXKCHUSA OBajia KaccuHu oTHOCHTEIIFHO Hayalia KOOpJZHWHAT Ha (bOpMy
MPOEKTUPYEMOTO MPOPIIISL, PACCUUTAHBI OCHOBHBIC TEOMETPHUECKHE XaPAKTEPUCTHKH MPOPUIICH, TaHbI
MIPUMEPHI TIOCTPOSHUS CPEAHEH JIMHUK U 0()OPMIICHHS BXOHON KpoMKu mipoduuts. [Ipennaraemas
MaTeMaTHYECKast MOJICTIb MOXKET ObITh CAMOCTOSTEIHHON PACUETHON CUCTEMOM, TTOJICUCTEMOMN
(nmporpammubIM MoayJsieM) CATIP wunu crpaHuiieid 3JeKTPOHHOTO atiiaca mpoduiei.

KuroueBbie ciiaBa: CAIIP, pemerka nmpodueit, oBan Kaccunu, TypOomarinna
UDC 621.165.533
P.P. Oshchepkov, P.R. Vallejo Maldonado, L.V. Vinogradov, V.K. Mamaev (Peoples Friendship
University of Russia, Moscow, Russia)
E-mail: oshchepkov-pp@rudn.ru, prvm@rambler.ru
Automated construction of lattice profiles based on Cassini oval

When developing turbomachines for various purposes, designing a blade apparatus (building
aerodynamically smooth airfoils) is a time-consuming multifactorial task. A promising method for
designing profiles using the properties of Cremona transformations of a plane with coincident F-points,
where the transformation object is the Cassini oval. The results of analytical construction of the lattice of
profiles by Hirst transformation methods are presented. To implement the proposed mathematical model,
an algorithm and (on its basis) a package of applied programs, which are in fact an automated design
system, have been developed. Some calculation formulas are given, the impact of Cassini oval position
relative to the origin on the shape of the designed profile is reflected, the main geometric characteristics
of the profiles are calculated, examples of the construction of the midline and the design of the entrance
edge of the profile are given. The proposed mathematical model can be an independent calculation
system, a subsystem (software module) of CAD or a page of electronic profile atlas.

Keywords: CAD, profile grid, Cassini oval, turbomachine

VK 665.622.43:66.021.1:004.942
K.B. Tapanues, 0-p mexn. nayk (Ilenszenckuit cocyoapcmeennuiit ynugepcumem, Poccus); K. P.
Tapanuyesa, 0-p mexn. nayk (Ilenzenckuii 2ocyoapcmeennlii mexHoa02u4ecKuil yHugepcument,
Poccus) E-mail: kvtar@bk.ru
AHaJIN3 THAPOAMHAMMKH IOPHU30HTAJIBbHBIX JIEKTPOACTHAPATOPOB JIsl ONIPeAeIeHHs CII0CO00B
I/IHTeHCI/[q)I/lKaIII/II/l nmpoueccos 3ﬂeKTp0066CCOJII/lBHI/lﬂ H 00€3BOKHBAHUS

YuciaeHHbIMUA METOdaMU MMPOBCIACH aHAJINU3 I I/I,[[pO,Z[HHaMI/I‘IeCKOﬁ CTPYKTYPBI IOTOKOB B
TOPU30HTAIIBHBIX AJIEKTPOJIETHIpaTopax Ha ycTaHOBKax obecconnBanus HepTu. [To pe3ynpraTam
pacyueTa nNpeaIOKCHBI HOBBIC TCXHUYCCKUEC PCIICHUA U PCKOMCHAAIUU 110 YITYUYIICHUIO pa6OTLI
yCTaHOBOK. Vcxons U3 aHaimm3a moJdisi CKOpOCTel B anmnapare (¢ yueToM o0ecrieueHus paBHOMEPHOIO
JIAaMUHApPHOTO ITOTOKa B OCHOBHOM CEYCHHUU annapaTa) uenecoo6pa3H0 BBOJIHTH CBIPYIO Heq)TL (C
IpeJIBapUTENbHO MOAAHHOM B HEE TPOMBIBOUHOM BOJI0M) B iBa sIpyca, a TAKXKe MPUMEHATh
AOMOJIHUTCIIBHYO CUCTEMY JJICKTPOAOB U OCAJUTCIIbHBIX ITOJIOK. HpeI[JIO)KeHHBIe peuicHu-d
o0ecrieunBaroT HanboJIee ONTUMAIBLHOE JABVIKCHUC IMTOTOKA BO BCEX 30HAX ITOPHU30HTAIIBHOT'O
QJICKTpoACTruaApaTopa € B(I)(beKTI/IBHBIM HCIIOJIF30BaHUEM 00bEMA arrapara 1o BCEMY €ro CCUCHUIO.

KuroueBble cjioBa: 351eKTpooOeccoIuBaHue HEPTH, ANEKTPOAECTHAPATOP, THAPOIUHAMUKA,
KOMIIBIOTCPHOC MOJACINPOBAHUC, YHCIICHHBIN pacucT, 1moJje CKOpOCTeI\/'I, I/IHTCHCI/I(I)I/IKaI_II/ISI.
UDC 665.622.43:66.021.1:004.942
K.V. Tarantsev (Penza State University, Russia); K.R. Tarantseva (Penza State Technological
University) E-mail: kvtar@bk.ru
Analysis of hydrodynamics in horizontal electrodehydrators for determination of the ways to
intensify the processes of electric desalting and dewatering of crude oil

Numerical methods have been used to analyze the hydrodynamic structure of flows in horizontal

www.himnef.ru - caiit xxyprana «Xumuueckoe 1 Hedrerazosoe MammHOCTpoOCHHE,
www.intecheco.ru - caiit koHbepeHuui 11 MPeANPHATHIl YHEPreTUKH, METAIUTYPIHH, He(TEra30Boi 1 XUMHUYECKON OTpacieit


http://www.himnef.ru/
http://www.intecheco.ru/

*Hry,
I oS ! AHHOTAIMM cTaTell KypHaja « XuMHYecKoe H HepTera3oBoe MalImHOCTPoOeHne» 3a 2022 r.

electrodehydrators at oil desalination plants. Based on the results of the calculation, new technical
solutions and recommendations for improving their work are proposed. Based on the analysis of the
velocity field in the apparatus to ensure a uniform laminar flow in its main section, it is recommended to
introduce crude oil (with pre-supplied washing water) into two tiers, including with the use of an
additional system of electrodes and sedimentation shelves. The proposed solutions ensure the most
optimal flow movement in all zones of the horizontal electric dehydrogenator, thereby effectively using
the volume of the apparatus throughout its cross section.

Keywords: electric desalination of oil, electrodehydrator, hydrodynamics, computer modeling,
numerical calculation, velocity field, intensification

IMPOMBIIIIVIEHHA S 9KOJIOI'UA

YK 66.096.5-932.2
C.H. Ky3omun, P.JI. Hcvémun, A.B. Muxanée, O.1O0. Munosanos, /I.B. Knumos, H.C. Mypamoea,
kanouoamul mexu. nayx, B.C. Kox-Tamapenko, A.B. Heovieaes (Tambosckuil 2ocyoapcmeentblil
mexHuueckuii ynugepcumem, Poccus)
E-mail: penergy@list.ru
Pe3yabTaThl CPABHUTEIBHBIX HCCJIEI0BAHNIA NIPOLECCOB 00Pa00TKH HEKOTOPBIX BUI0B OMOMACCHI
MeETOAaMMU BJIA’KHOM U OKHUCJIHUTEJILHOMI Toppeq)mcauml

HccenenoBan nporiece ToppeduKauy 4eTbipex 00pa3ioB OnoMacchl (MMBHAs JPOOUHA, 0CAIOK
CTOYHBIX BOJI, CIUpTOBast Oapna, KoeitHas ryia) B KUISIIEM CI0€ B CPe/Ie EPErpeToro BOASHOrO mnapa
npu temneparype 300 °C u B cpeqie IbIMOBBIX Ta30B (OKUCIUTENbHAs ToOppeUKaIus) Npu TeMIepaType
250 °C. YcTaHOBIIEHO, UTO B pe3yibTaTe TOppeuKanuy MUBHOM IPOOUHBI, CTUPTOBOM Oapbl U
Ko(elHOM ryy noixy4yaercs 6Moyrosb, ¢ 601ee BHICOKMM COAEepKaHUEM yriepoaa U 0oiee BEICOKOH
TEIUIOTOM CropaHusi, YeM Y UCXOAHOM Ouomaccsl. Haumydmum cbipbeM JUisl IOTy4eHUs OUOoyTis U3
HCCIICOOBAaHHbBIX 06pa3u0B OHMOMAaCCHI SBISETCS KO(l)eI‘/‘IHa}I I'yaia U, B HECCKOJIBKO MCEHBIIICH CTCIICHU,
IINBHas I[p06I/IHa. Hcnionb3oBaTth Kak CBIPBC IJIA MMOJTYYCHHA 6I/IOerI$I 0CaJOK CTOYHBIX BOJ U CIIMPTOBYIO
Oapay — HelenaecooOpasHo.

KuroueBble cjioBa: Toppedukanus, Omomacca, KAISIIIAN CII0H, OMoyroib, kodeiHas ryma,
O0CaJOK CTOYHBIX BOJ, IITMBHAsA J_'[p06I/IHa, CIIMPTOBAsA 6apL[a
UDC 66.096.5-932.2
S.N. Kuzmin, R.L. Isemin, A.V. Mikhalev, O.Yu. Milovanov, D.V. Klimov, N.S. Muratova, V.S. Kokh-
Tatarenko, A.V. Nebyvayev (Tambov State Technical University, Russia) E-mail: penergy@list.ru
Results of comparative studies of treatment processes of some types of biomass by wet and
oxidative torrefaction methods

In this article, the process of torrefaction of four samples of biomass (beer grains, sewage sludge,
distillery stillage and coffee grounds) in a fluidized bed in an environment of superheated steam at a
temperature of 300 °C and in a flue gas environment (oxidative torrefaction) at a temperature of 250 °C
was studied. It has been found that the torrefaction of brewer's grains, distillery stillage and coffee
grounds produces biochar containing a higher amount of carbon and having a higher calorific value than
raw biomass. Also, it was found that the best raw material for obtaining biochar from the studied biomass
samples is coffee grounds; brewer's grain is somewhat inferior to it. It is not advisable to use sewage
sludge and distillery stillage as raw materials for biochar production.

Keywords: torrefaction, biomass, fluidized bed, biochar, coffee grounds, sewage sludge, brewer's
grain, distillery stillage
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C.B. Kosanes, O.A. Kosanesa, 0okmopa mexu. nayk (Tamoboeckuit 2ocyoapcmeennslii yHugepcumem

umenu I'.P. /lepycasuna, Poccus) E-mail: sseedd@mail.ru

KoHceTpyKuus 3/1eKTPOXHMHYECKOT0 MEMOPAHHOI0 aNNAPaTa PYJIOHHOI0 THIA ¢ YBeJINYeHHbIMH

MJIOIIAIBI0 MEMOPAH H MOBEPXHOCTHIO OXJIAKIEHHS ISl pa3/ejieHNs POMBINLIEHHBIX PACTBOPOB
[IpennoxxeHa KOHCTPYKITHS SIEKTPOXUMHUECKOT0 MEMOPAHHOTO armapara pyJIOHHOTO THIIA IS
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3P PEKTUBHOTO pa3JesieHHs] pACTBOPOB XUMHUECKUX, MAIIMHOCTPOUTEIBHBIX POU3BOJCTB. B
KOHCTPYKITMU 00€CTIeUnBaeTCs yBEJIMUEHNE OOIIIEH IITOIIaii MeMOpaH M OXJIaKIal0IIe MOBEPXHOCTH B
€MHMIIE KOHCTPYKLMH anmnapaTa (110 cpaBHEHUIO ¢ aHajoramu). [Ipennoxkena metoauka pacuera
QJICKTPOXUMHYCCKOI'O MeM6paHHOFO arrapara pyJIOHHOI'O TUIla, ITO3BOJIA0IIAaA OIIPEACIATE €TI0
KOHCTPYKTUBHBIE TTapaMeTphl (0OLIYI0 MOBEPXHOCTh OXJIAXKACHUS, IJIOMIAIb pa3IeICHHs U TUIOIAAN
MPUKATOAHBIX, IPUAHOTHBIX MEMOpPaH).

KuroueBble ciioBa: MmeMOpaHa, KOHCTPYKIIMSI, allapar, pacueT, pacTBOp, pa3AciieHue
UDC 66.081.6
S.V. Kovalev, O.A. Kovaleva (Derzhavin Tambov State University, Russia)
E-mail: sseedd@mail.ru
Design of a roll-type electrochemical membrane apparatus with an increased membrane area and
cooling surface for separation of industrial solutions

The design of a roll-type electrochemical membrane apparatus for the effective separation of
solutions of chemical, machine-building industries is proposed, which provides an increase in the total
area of membranes and a cooling surface in a unit of apparatus design (unlike known analogues). A
method for calculating a roll-type electrochemical membrane apparatus is proposed, which makes it
possible to determine its design parameters (total cooling surface, separation area and areas of near-
cathode, near-anode membranes).

Keywords: membrane, construction, apparatus, calculation, solution, separation

MATEPUAJIOBEJJEHHUE. 3BAIIIUTA OT KOPPO3UU

YK 621.86.065

B.A. Byonos, 0-p mexn. nayk, C.I. Kocmenko, C.H. Kazaxos, kanouoamot mexu. Hayx (Kypzanckuii
2ocyoapcmeennblii ynugepcumem, Poccusn)

E-mail: Kgu_sm@kgsu.ru

Oco0eHHoCTH 1e()OPMUPOBAHUS M PA3PYLIEHUS] THTAHOBBIX CILNIABOB NPHU CKUMAKIIMX HATPYy3Kax
(1a npumepe TuTaHOBOrO ciiiaBa BT-6)

HOCTpoeHa JuarpaMma u3BMCHCHHA TBEPAOCTH TUTAHOBOI'O CIlJIaBa BT-6 B 3aBuCHMOCTH OT
OTHOCHUTEILHOU I[e(l)OpMaIH/H/I cxatud. BelsgBiieHa B3aIMOCBSI3E MCXKAY TBEPAOCTHIO TUTAHOBOI'O CILIABA,
MOABEPTHYTOTI'O paanquﬁ CTEIIEHH MJIaCTUYECKOM ,Z[e(i)OpMaI_II/II/I CiXKaTus#d, U MpeaAciioM NpOIYHOCTH.
3KCH€pI/IMeHTaHBHO YCTAHOBJICHO, YTO AJId TUTAHOBOI'O CILIaBa BT-6, B 3aBUCHUMOCTH OT CTCIICHU €TI0
I[e(l)OpMaI_[I/II/I IIpu CKaTuM, KOB(I)(i)I/II_II/IeHT MpOoNnoOpHUOHAIIBHOCTU k B 3MHI/IpI/I‘{eCKOI7I 3aBUCUMOCTH
o5 = k*HB cocrasister 0,48.

KiroueBble ciioBa: TUT dH, TUTAHOBBIC CIIJIaBhbI, IIJIACTUYCCKAasd I[e(l)OpMaI_II/ISI, TBECPAOCTh, IPCACII
MIPOYHOCTHU
UDC 621.86.065
V.A. Bubnov, S.G. Kostenko, S.I. Kazakov (Kurgan State University, Russia)

E-mail: Kgu_sm@kgsu.ru
Features of deformation and destruction of titanium alloys under compressive loads (on the
example of titanium alloy VT-6)

A diagram of the change in the hardness of the titanium alloy was built VT-6 depending on the
relative compression strain. Relationship between hardness of titanium alloy subjected to different degree
of plastic compression deformation and ultimate strength is revealed. It has been experimentally found
that for titanium alloy VT-6, depending on the degree of its deformation during compression, the
proportionality factor k in the empirical relationship o, = k-HB is 0.48.

Keywords: titanium, titanium alloys, plastic deformation, hardness, ultimate strength

YIK 621.822.1

B.B. Boakos-My3winés, F0.A. bopucos, kano. mexn. nayk (O6ve0uneHHblil UHCHM UMY 8bICOKUX
memnepamyp PAH, 2. Mockea, Poccusn); B.H. becuacmnuix, kano. mexu. nayk (INAO «HIIO «Aama3z»
TOII «JIIM3», 2. Mockea, Poccus)
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E-mail: vladimir_muzylev@mail.ru
JKCNepUMEHTAIbHOE HCC/IeI0BAHUHE PA0OTOCIIOCOOHOCTH AHTU(PPUKIMOHHOTO MOKPBLITHS
«Modengy 1006» 1,151 JienecTKOBBIX ra30JHHAMUYECKUX MOJIUITHIKOB MHKPOTa30TypOMHHBIX
YCTaHOBOK

[IpoBeaeHo sKCIEpUMEHTAIBHOE UCCIAEA0OBAaHUE U3HOCOCTOMKOCTH TBEPIOCMAa304HOTO
anTudpukionHoro mokpeITus «Modengy 1006», HaHECEHHOTO Ha JICTIECTKU PaIUATILHOTO U OCEBBIX
ra30IMHaMUYECKUX MOAIIUITHIKOB, JIJIS ONpeIeIeHHs] pab0TOCTIOCOOHOCTH MOKPHITUS B TEUCHUE CPOKA
skcruryatanuu MUKkpol TY. M3noxeHna MeToiuKa MPOBEICHUS UCTIBITAHUI IO ONPEICTICHHUIO
M3HOCOCTOMKOCTH aHTU(PHUKITMOHHOTO TIOKPHITHSI HA POTOPHOM CTEH/IC. BBISBICHBI 3aKOHOMEPHOCTH
W3MEHEHUS TTapaMeTPOB AJICKTPOIPHUBOIa U PAOOTHI JICMIECTKOBBIX MOAMIMITHUKOB B TEYCHHUE BCETO ITUKIIA
HCTILITAHUH.

KurroueBble cj10Ba: JICMECTKOBBIN MOMITUITHUK, FTa30JHHAMUYCCKUN TTOIIUITHUK, POTOPHBIN
CTCH]I, aHTH(PPUKIIHOHHOE TTOKPBITUE, U3HOCOCTOUKOCTH
UDC 621.822.1
V.V. Volkov-Muzylev, Yu.A. Borisov (Joint Institute for High Temperatures of Russian Academy of

Sciences, Moscow, Russia); V.N. Beschastnykh (PJSC «ALMIAZ R&P Corp.» LEMZ, Moscow, Russia) E-
mail: vladimir_muzylev@mail.ru

Experimental research of the antifriction coating ""Modengy 1006" performance for gas foil
bearings of micro gas turbine units

The article is dedicated to an experimental investigation of solid lubricant antifriction coating
«Modengy 1006y, covered on the journal and thrust foils of gas dynamic bearings, in order to determine
its wear resistance during the entire service life of the microGTU. A test procedure for determination of
the antifriction coating wear resistant on rotary test rig was described. The patterns of changes in the
parameters of the electric drive and the operation of foil bearings during the entire test cycle are revealed.

Keywords: gas foil bearing, gas dynamic bearing, rotary test rig, antifriction coating, wear

resistance

HHOPOPMALIUA

YK 62-216.6:[66.048.3.069.82+66.081.2.069.82]-027.28(048.83)
HU.0. Mukynénok, 0-p mexu. nayk (Hayuonanovnoiit mexnuueckuii ynueepcumem Ykpaunoi
«Kueeckuii nonumexnuueckuii uncmumym umenu Hzopa Cukopckozo») E-mail:
i.mikulionok(@gmail.com
Kaaccudukauusi ONOPHBIX YCTPOICTB TapeJIOK MACCOOOMEHHBIX KOJIOHH (0030p KOHCMPYKUUIL)
[Ipennoxena knaccudukaius yCTpoicTB A GUKCAUU KOHTAKTHBIX TapeJIoK B KOpIycax
MacCOOOMEHHBIX KOJIOHHBIX arraparosB. PaCCMOTpeHBI Hauboee XapaKTCPHBIC KOHCTPYKIUH OIIOP
TapesoK.
KiroueBble cjioBa: MacCOOOMeHHas KOJIOHHA, KOHTAaKTHasd Tapelika, OIopa, KJ'IaCCI/I(I)I/IKaI_II/IH,
KOHCTPYKITHSA
UDC 62-216.6:[66.048.3.069.82+66.081.2.069.82]-027.28(048.83)
1.0. Mikulionok (National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”) E-mail: i.mikulionok@gmail.com
Classification of supporting devices for mass-exchange columns contact plates (review of designs)
A classification of devices for fixing contact plates in bodies of mass-exchange column
apparatuses is proposed. The most characteristic designs of the plates supports, are considered.
Keywords: mass-exchange column, contact plate, support, classification, design

YK [66.048.3.069.82+66.081.2.069.82]-025.73-027.28(048.83)

HU.O0. Mukynénox, 0-p mexn. nayk (Hayuonanvnotii mexnuueckuili ynusepcumem YKpaunol
«Kueeckuii nonumexnuueckuii uncmumym umenu Hzopa Cukopckozo»)

E-mail: i.mikulionok@gmail.com
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Knaccudukanusi HAKJIOHHBIX TAPEJIOK MacCOOOMEHHBIX KOJIOHH (0030p KOHCMPYKUUiL)

Hpezmon(eHa K.]'IaCCI/I(bI/IKaI_[I/IH IUIOCKUX W O0BEMHBIX HAKITOHHBIX KOHTAKTHBIX T apciIoK
MaccOOOMEHHBIX KOJIOHHBIX anmaparoB. PaccMoTpensl Hanbomee xapakTepHble KOHCTPYKIIUN
HAaKJIOHHBIX Tap€JIoK.

KiroueBble cj10Ba: MacCOOOMEHHas KOJIOHHA, HAaKJIOHHAasA KOHTAaKTHAasd TapcClika, KHaCCI/I(i)I/IKaLII/ISI,
KOHCTPYKIIHSA
UDC [66.048.3.069.82+66.081.2.069.82]-025.73-027.28(048.83)
1.0. Mikulionok (National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”) E-mail: i.mikulionok(@gmail.com
Classification of inclined plates for mass-exchange columns (review of designs)

A classification of flat and volumetric inclined contact plates of mass-exchange column apparatus
is proposed. The most characteristic designs of the inclined plates are considered.

Keywords: mass-exchange column, inclined contact plate, classification, design
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AHHOTAIUM CTaTel KypHaIa «XUMHYeCKOoe U HepTerazopoe MaIIMHOCTPOECHUE)
Ne 8-2022

HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATALLUU

NPOLUECCHI U OBOPYJIOBAHUE
XUMHUYECKHUX U HE®TET'A30BbBIX TEXHOJIOI' I
VK 519.812.3:665.622.43
K.B. Tapanuees, 0-p mexn. nayx (Ilenzenckuit 2ocyoapcmeennsiit ynueepcumem, Poccus); K. P.
Tapanuyeea, 0-p mexn. nayk (Ilenzenckuii cocyoapcmeeHHblil MeXHO102UYeCKUIl yHUugepcumem,
Poccusa) E-mail: kvtar@bk.ru
Bausinue cnoco6oB BBOa He)TH HA THAPOAUHAMHUKY B JIEKTPOAErHApPaTOpax
3HeKTp0066CCOJII/IBalOHII/IX YCTAHOBOK
YuciieHHBIMU METOAaMU IMPOBEACH aHAJIN3 THAPOAVMHAMUKHU IIOTOKOB B I'OPU30HTAJIBHBIX
AIIEKTPOAETHIPATOPAX B 3aBUCUMOCTH OT IMOJIOKEHUS (POPCYHOK BBOJIA HCXOMHOU HepTH B ammapar. 1o
pe3ynbTaTam pacuera IpeajioKeH BapuaHT MOJEpHU3aLMK deKkTpoaeruaparopa 291'160-2 nyrem
3aMCHBI IIICIJICBBIX (bOpcyHOK MUIMHAPUYICCKUMU, O6T)CIII/IHGHHI)IMI/I C MaHOO6’I)€MHI)IMI/I OJHO- UIIN
MHOT'OCTYIICHYATbIMU CMCCUTCIISIMU. 3TO MO3BOJIUT UCKIIIOUUTE 06p330BaHI/Ie BCTPCYHLBIX IIOTOKOB He(bTI/I
B ammapare 1 ooecneunts 3 pekTrBHOE IBMKEHNE MOTOKA HEPTH BO BceM 0ObeMe armapara.
KuroueBble ciioBa: 3HeKTp006eCCOHI/IBaHHC He(i)TI/I, QJICKTpOoACTHAPATOp, TMAPOJNHAMUKA,
KOMIIBIOTEPHOE MOJIEIIMPOBAHKE, YUCIEHHBIM pacyeT, Moje CKopocTel, POPCyHKH
UDC 519.812.3:665.622.43
K.V. Tarantsev (Penza State University, Russia);
K.R. Tarantseva (Penza State Technological University, Russia) E-mail: kvtar@bk.ru
Influence of oil input methods on hydrodynamics in electric dehydrators of electric desalination
plants
Numerical methods have been used to analyze the hydrodynamics of flows in horizontal electric
dehydrators depending on the position of the nozzles for introducing initial oil into the apparatus. Based
on the results of the calculation, a variant of the modernization of existing devices was proposed by
changing the design of the nozzles. A variant of the modernization of the 2EG160-2 electric dehydrator
by replacing the slotted nozzles with cylindrical ones combined with low-volume one- or multi-stage
mixers is proposed. This will avoid counter flows of the original oil in the apparatus, and will ensure the
effective movement of the oil flow throughout the entire volume of the apparatus.
Keywords: electric oil desalination, electric dehydrator, hydrodynamics, computer simulation,
numerical calculation, velocity field, nozzles

YK 62-531.3
A.b. Kanpanosa, 0-p ¢pus.-mam. nayk, A.E. /leveoes, 0-p mexn. nayx, U.C. I'yoanos, kano. mexm.
Hayk (Apocnaeckuit 2ocyoapcmeennstii mexnuueckuii ynueepcumem, Poccusn); A.M. Menvuep (340
«HIIO Pezcynamopy, 2. Apocnaens, Poccusn);
A.A. Makapenkoe (Mncmumym Xxumuueckux peaKkmugos u 0co00 Yucmvblx XuMu4ecKux euiecmae
HHUI] «Kypuamoeckuii uncmumympy, 2. Mockea)
E-mail: kapranova_anna@mail.ru
IKCNEePUMEHTAJIBbHOE HCCJIeJOBaHNe Paclpe/iesIeHUs] 110 pa3MepaM KaBHTALMOHHBIX Iy3bIpeil B
NPOTOYHOH YaCTH PeryJIMpyouiero KJianaHa ¢ NIOBOPOTHBIM 3aTBOPOM

BrinosHeH aHanu3 SKCIIEPUMEHTAIbHBIX PE3YJIbTaTOB UCIIBITAHUI HOBOTO PErYIMPYIOLIETO
KJIarlaHa ¢ MOBOPOTHBIM 3aTBOPOM Ha MOJIEJIbHOM YCTaHOBKE B YCJIOBUSAX HaYalIbHOW CTaluU
00pa30BaHMs KaBUTALMOHHBIX My3bIpeil. [loiaydeHHble JaHHbIe pacnpeeNneHus My3bIpel B y3ie
nepghopuposantblii cenapamop — no8oOpPOMHbdILL 3ameop MPOAHATU3UPOBAHBI C YUETOM JBYX OCHOBHBIX
(bakTOpOB, BIUSAIONIMX HA MHTEHCUBHOCTh THAPOIMHAMUYECKON KaBUTALMH (IMaMeTpa JpOCCeIbHbBIX
OTBEpPCTHUH U CTENEHU OTKPBITUA KilanaHa). Ha nmepBoil craguu 3BOIIONUN KaBUTAILUH (IIPH TOJTHOM
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OTKPBITHH HOBosl)OTHOFO 3aTBOpA ¥ YMEHBILIEHUU IMaMEeTpa JPOCCEIbHBIX OTBEPCUTHUH B 2,5 paza 10
3HadeHus 1107 M) HaOMOMaeTCs CHIDKEHHE YMCila KABUTAIIMOHHBIX My3bIpEd JUaMETPOM 1-110° mB
1,33 paza.

KuroueBble ciioBa: KJiallaH, KaBUTallMOHHBIC ITY3bIPpH, APOCCCIBbHBIC OTBEPCTUA, CTCIICHD
OTKPBITHA
UDC 62-531.3
A.B. Kapranova, A.E. Lebedev, 1.S. Gudanov(Yaroslavl State Technical University, Russia); A.M.
Meltzer (CISC “NPO Regulyator”, Russia); D.A. Makarenkov (Institute of Chemical Reagents and
Highly Pure Chemical Substances, National Research Center ""Kurchatov Institute™, Russia)
E-mail: kapranova_anna@mail.ru
Experimental study of the size distribution of cavitation bubbles in the flow part of a control valve
with a butterfly valve

The analysis of the experimental results of testing a new control valve with a butterfly valve on a
model plant under conditions of the initial stage of cavitation bubbles formation is carried out. The
resulting pattern of bubble distribution in the perforated separator - butterfly valve assembly is described
taking into account two main identified factors that affect the intensity of hydrodynamic cavitation (the
diameter of the orifice holes and the degree of valve opening). At the first stage of cavitation evolution
(with full opening of the butterfly valve and a decrease in the diameter of the throttle holes by 2.5 times
to a value of 10° m), a decrease in the number of cavitation bubbles with the same diameter of 10 m by
1.33 times is observed.

Keywords: valve, cavitation bubbles, throttle openings, degree of opening, experiment

YK 66.063:66.963

B.A. Aspopos, 0-p mexn. nayk (llenzenckuii 2ocyoapcmeenHvlil mexHo102UYeCKUil yHugepcument,
Poccus) E-mail: v_avrorov@bk.ru

YcrpoiicTBO U1 pacnpeaesieHus TPAHCIIOPTHPYEMBbIX ChIIYYHX U KMIKHX MAaTEPHAJIOB 110
CEMKOCTHM TCEXHOJJOTHYIECCKOI'0 oﬁopynonaﬂnﬂ

HpeHCTaBHeHa KOHCTPYKIHUA MHOI'OMECTHOI'O paCIIPEACIINUTEIIA AJIA paCIpPCACIICHUA PA3JITUNYHBIX
BUJ0B IUCIICPCHBIX MAaTCPUAJIOB U JKUAKUX CPC/ 110 HAKOIMUTCIIbHBIM €MKOCTAM U 6YHKepaM
TEXHOJIOTUYECCKOI'O O60py,E[0BaHI/I$I. HpI/IBeI[eHLI 3aBUCUMOCTHU JIA OTIPCACIICHUS OCHOBHBIX
KOHCTPYKTUBHO-TCXHOJOTMYCCKUX MMAPaMETPOB paCpCaACIUTCIIA. PaCCMOTpCHBI BO3MOJXHBIC BAPpHUAHTBI
MOTOYHBIX JIMHUHI AJI TPaHCIIOPTUPOBAHUA U PACTIPCACIICHHUS 10 EMKOCTAM ITOTOKOB CBhIITYYUX
MaTCpHraJIOB U KUJAKUX CPCI.

KiroueBble c10Ba: MHOTOMECTHBIH pacipeaciinTeiib, CyXxue JTUCIICPCHBIC MaTCPpUAJIbI, KUJIKHNC
Cpcanl, MaJILTUUCKUH MCXaHW3M, TPaHCIIOPTHO-PAIPEACITIUTECIIBHBIC JIMHUHU, HAKOIMUTCIBHBIC CMKOCTH,
OyHKepbI MallIlH
UDC 66.063:66.963
V.A. Avrorov (Penza State Technology University, Russia )

E-mail: v_avrorov@bk.ru
Device for distribution of transported loose bulk and liquid materials in the tanks of technological
equipment

The article describes the design of a multi-seat distributor for the distribution of various types of
dispersed materials and liquid media in storage tanks and bunkers of technological equipment.
Dependences for determining the main design and technological parameters of the distributor are given.
Possible variants of production lines for transportation and distribution of flows of bulk materials and
liquid media are considered.

Keywords: multi-seat distributor, dry dispersed materials, liquid media, Maltese mechanism,
transport and distribution lines, storage tanks, machine bunkers

YK 66.021.3
. 1O0. Mvimoko, ILLE. Baitmexoeuu, 0-p mexn. nayx (benopycckuii zocyoapcmeennulil
mexHo102uuecKuil ynugepcumem, 2. Munck)
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E-mail: dmitriimitko26@gmail.com
MoaenupoBaHue NJIEHOYHOT0 TeYeHUS )KUAKOCTH B KaHAJIe PeryJ/JsipHO-CTPYKTYPHPOBAHHOM
HaCcaaKHu

MGTO,I[OM KOMIIBIOTEPHOI'O MOJACIIMPOBAHUSA UCCIICAOBAHO IIICHOYHOC TCUCHUC ) KUAKOCTHU B
KaHajax peryjsipHO-CTPYKTYpPUPOBAHHOMN HACAIKU U1 MaCCOOOMEHHBIX alIapaTroB. Y CTAHOBJIEHO, UYTO
YCTOP'I‘IHBBII;'I PEXKUM pa60TBI HaCaJlK1, IIMpHUHA JUualla3oHa UI3MCHCHHUA CKOPOCTHU Ia3da 3aBHUCAT OT
TUAPOJWHAMUKHU IIJICHOYHOI'O TCUCHUA )KUJIKOCTHU 11O CTCHKAM KaHaJIOB. HOJIyTIeHLI JAaHHBIC TOJIIITHUHBI
IIJICHKHU XXUJAKOCTH U CKOPOCTH IIJICHOYHOT'O TCUCHUSA C IIPOTUBOTOKOM BO3yXa U 0e3 Hero. BriaBieno
BJIMAHUC CKOPOCTHU Ira3a U BA3KOCTH JXUAKOCTH HA TOJIIHWHY U CKOPOCTH IJICHOYHOI'O TCUCHU .

KuroueBble ciioBa: PEryIAPHO-CTPYKTYpUpPOBaHHAA HaCcaaKa, INICHOYHOC TCYCHHUE, TOJIIWHA,
CKOpPOCTh, THAPOANHAMHUYCCKUC PCIKUMBbIL
UDC 66.021.3
D.Yu. Mytsko, P.E. Vaitekhovich (Belarusian State Technological University, Minsk) E-mail:
dmitriimitko26@gmail.com
Simulation of fluid film flow in the channel of a regular structured packing

The film flow of liquids in channels of regularly structured packing for mass transfer apparatuses
has been studied by computer simulation. It has been established that the stable mode of operation of the
packing, the width of the range of change in the gas velocity depends on the hydrodynamics of the liquid
film flow along the channel walls. The results of studying the thickness and velocity of film flow with
and without countercurrent are obtained. The effect of gas velocity and viscosity on the thickness and
velocity of the film flow is described.

Keywords: regular-structured packing, film flow, thickness, velocity, hydrodynamic regimes

KPUOT'EHHASA TEXHUKA. ITIPOU3BOACTBO U IPUMEHEHUE
IMPOMBIIIVIEHHBIX I'A30B. BAKYYMHAS TEXHUKA
YK 621.565.83; 665.66
A.A. /Kepoes, 0-p mexn. nayxk, A.B. Illakypoes, A.C. Kpomos, kanoudamut mexu. nayx, /[.A. Kuokoe,
C.C. Paouxun (Mockoseckuit zocyoapcmeennolit mexuuueckuil ynueepcumem umenu H.D. Baymana,
Poccua) E-mail: azherdev@bmstu.ru
CpaBHUTeJIbHBIH aHATU3 3Q(PeKTUBHOCTH OYUCTKH MPHPOTHOTO ra3a
NPH HU3KOW CTeneHH pacliupeHus C MPUMeHeHHeM Apocceis
WIN BBICOKOPACXOHOI TPEXNOTOYHOI BUXPEBOii TPYObI
OCHOBHBIM HampaBICHUEM MPOMBIIIIEHHOTO MPUMEHEHHS BBICOKOPACXOHBIX TPEXTTOTOUHBIX
BuxpeBbix TpyO (TBT) Panka-Xwnma siBnsercs HuzkoremiiepatypHaas cenapaius (HTC) npuponnoro
rasa, rjie OHU MPUMEHSIOTCS B KaUeCTBE T'€HEPATOPOB X0JI0/1a M HETTOCPECTBEHHO CEMapaToOpOB.
[Iposeneno cpaBuenue 3pdextunoctu TBT u npoccens Ha ycranoke HTC beperosoro
MECTOPOKIACHHSI, 0COOEHHOCTHIO KOTOPOI1 SIBISIETCS HU3KAsl CTENIeHb PACUIMpPEHus ra3a (mepemnas
naBieHuit oT 85 1o 60 6ap). DkcnepuMeHTAIBHO MoKa3aHo npeumyiiecTBo TBT nepen apoccenem mo
CHIDKEHUIO TEMIIEpaTyphl rasza U, ClieZIoBaTeIbHO, TOUYKU POCHL. Pe3ynbTarhl paboThl MOKa3aiu, 4TO MpU
MMPUMCHCHUHA TBT B0O3MOKHO IIOBEICUTE CTEIICHL OUUCTKH raza, B TOM YHCJIC ITPU HU3KHUX CTCIICHAX €TO
pacumpenust, uto obecneunBaeT BoinoiaHenue CTO [Maznpom 089-2010 B neTHee Bpems.
KuroueBble ciioBa: Teriomaccooomet, agdext Panka-Xumina, BuxpeBas Tpyoa,
HU3KOTEMIIEpaTypHas cenapanus, IpUpOIHBIHA ra3, IpoCCeTUpPOBaHHE
UDC 621.565.83; 665.66
A.A. Zherdev, A.V. Shakurov, A.S. Krotov, D.A. Zhidkov, S.S. Ryabikin (Bauman Moscow State
Technical University, Russia) E-mail: azherdev@bmstu.ru
Comparative analysis of natural gas purification efficiency with a low degree of expansion when
using a throttle or a high-flow three-flow vortex tube
The main direction of industrial application of high-flow Ranque-Hilsch three-flow vortex tubes is
the low-temperature separation (LTS) of natural gas, where vortex tubes are used as cold generators and
directly separators. This study compares TVT and the throttle at LTS unit of the Beregovoe field, a
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feature of which is a low degree of gas expansion (pressure drop from 85 to 60 bar). The advantage of
TVT over the throttle in reducing the gas temperature and, consequently, the dew point is experimentally
shown. The results of the study showed that with the use of TVT it is possible to increase the degree of
gas purification, incl. at low degrees of its expansion, which ensures the implementation of Gazprom
company standard 089-2010 in the summer conditions.

Keywords: heat and mass transfer, Rank-Hilsch effect, vortex tube, low-temperature
separation, natural gas, throttling

KOMIIPECCOPBLI. HACOCBI. TPYBOITPOBO/IHASI APMATYPA

YK 621.512
B.E. ll]epoa, 0-p mexn. nayk, A.C. Tezxcanos, kano. mexu. Hayk (OmcKuit 2ocyoapcmeentbulil
mexHuueckuil ynusepcumem, Poccus)
E-mail: Scherba_V_E@list.ru
AHAJIN3 ITMHAMMKH ABUKEHUS OXJIAKIAIONIEH KUJIKOCTH U PAa00YHUX NMPOLECCOB B MOPIIHEBOM
FHﬁpI/IL[HOﬁ 3HepreTuqecK0ﬁ MallliHe 00LEMHOI0 I[efICTBI/Iﬂ C ra3oBbIM KOJIIIAKOM U ABYMS
BCACBIBAIOIIMMH KJIaITIAHAMU NPH U3MCHCHUH JABJICHHA HATHCTAHUA

HpOBGI{GH AHAJIN3 BJIWAHWA JAaBJICHUA HArHE€TaHWA IPU IMOCTOSAHHOM AAaBJICHWH BCAaCbIBAHHWA Ha
JUHAMUKY ABUKCHUA dKUAKOCTH, pa6oqI/Ie MpOouCCChbl 1 UHTCTPAJIBHBIC XaPaKTCPUCTUKHU
BBICOK09()(hEeKTHBHOI MOPIIHEBOM THOPUIHON SHEPreTUYECKON MAITMHBI 00bEMHOTO ACHCTBUS C IBYMS
BCaChIBAarOIIIMMMU KJIallaHAMMU. B PE3yabTaTC YUCJICHHOT'O SKCIICPUMCHTA 110 pa3pa60TaHH0171 paHec
MaTeMaTH4YeCKOU MOZACIIN YCTAHOBJICHO, YTO MAaKCUMAJIbHOC 3HAYCHHUEC OTHOCHUTCIILHOI'O pacxoJia
OXJIQXKIAIOIIEH )KUIKOCTH TOCTUTaeTcs npu naBiaeHuu HarHetanus 0,4 Mlla u cocraBnser ~120 Kr/kr.
OTHOCUTENBHBIN PACXO/]l Ta3a U OTHOCUTEIIbHBIC MIOTEPH SHEPTUH, OOYCIIOBIICHHBIE TO/1a4eH Ta3a yepes
HCIUIOTHOCTH BTOPOI'O BCACBIBAIOIICTO KJilallaHa C ICJIbIO UHT eHCI/IQ)I/IKaHI/II/I JBHXKCHUA XXUAKOCTHU BHHU3, C
YBCIMYCHUECM NABJICHUA HArHCTAHWA YBCIMYNBAKOTCA. MakcumanbHoe 3Ha4YeHHE HUHAUKATOPHOI'O
agunadaruaeckoro KIIJ[ nocturaercs npu paBnennn Harueranus 0,5 MIla, npu aTom ko3¢ duiiueHt
nogavu € yBCJIMYCHUCM JABJICHUA HArHCTAHUA MOHOTOHHO YMCHBIIACTCA.

KuroueBble ciioBa: MMOopHIHCBAA FI/I6pI/II[Ha}I OHEPIreTUYICCKas MallilvHa ¢ ABYMS BCACBIBAOIIINMHA
KJ1artaHaMu, ITMHaMHUKa IBUKCHU A oxnamﬂalomeﬁ KHUOKOCTHU, TOPUICHDb, HWIXHAP, TEIUI00OMEH
UDC 621.512
V.E. Shcherba, A.S. Tegzhanov (Omsk State Technical University, Russia)
E-mail: Scherba_V_E@list.ru
Analysis of the dynamics of coolant movement and working processes in a piston hybrid volumetric
energy machine with a gas cap and two suction valves with variation of injection pressure

The paper analyzes the effect of injection pressure at constant suction pressure on fluid dynamics,
operating processes and integral characteristics of a high-efficiency reciprocating hybrid volumetric
energy machine with two suction valves. As a result of a numerical experiment conducted using a
previously developed mathematical model, it was found that the maximum value of the relative coolant
flow rate is achieved at a discharge pressure equal to 0.4 MPa and is of the order of 120 kg/kg. The
relative gas consumption and relative energy losses caused by the gas supply through the leaks of the
second suction valve in order to intensify the downward movement of the liquid increase with increasing
discharge pressure. The value of the maximum indicator adiabatic efficiency is achieved at a discharge
pressure of 0.5 MPa, while the supply coefficient decreases monotonically with increasing discharge
pressure.

Keywords: piston hybrid power machine with two suction valves, coolant dynamics, piston,
cylinder, heat exchange

YK 621.512

B.E. Il]ep6a, 0-p mexn. nayk, A.C. Tezncanos, kano. mexu. nayk (Omckuii 2ocyoapcmeeHHblil
mexnuueckuii ynusepcumem, Poccus) E-mail: Scherba_V_E@list.ru

AHa/IN3 ITMHAMUYECKHX U HHTEIPAJIbHBIX XapPAKTEPUCTHK MOPIIHEBO TrHOPHAHON
JHEPreTuYecKoil MalMHbI C IBYMS BCACHIBAKIIHUMHY KJIANAHAMM NPH U3MEHEHUH YaCTOThI
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Bpali€eHUsdA KOJCHYATOro Baja

[IpoBeneH aHaM3 BIAUSHUS YTIIOBOM CKOPOCTH KOJICHYATOIO Bajia HAa pabovme MpOoIecChl,
HWHTCIPAJIbHBIC XapPAKTCPUCTUKN U JTUHAMUKY JIBUKCHUA oxnamz[alomeﬁ KUAKOCTU HOpLHHGBOfI
FI/I6pH,Z[H0ﬁ BHGPFCTH‘IGCKOI\/’I MaldrvHbI ¢ IBYMs BCACBIBAIOIIUMU KJIaITaHAMM. Ha ocHOBaHnM YHCIIEHHOTO
IKCIIepUMEHTa (TI0 Pa3pabOTaHHON paHee MaTeMaTHIECKOW MOJIETH) YCTAHOBJICHO, YTO C YBEIIMUCHUEM
YaCTOTHI BpalllICHUS KOJICHYATOI'O BaJla pacxo/ oxnamﬂa}omeﬁ KHUAKOCTU B HCCHGI[yeMOﬁ HOpH.IHGBOfI
ruOpHTHON SHEPreTHUECKON MallliHe yMeHbIIaeTcs. B nuamasone yactoTsl Bpamienus Baia 700...900
MI/IH71 HaOII0AI0TC MaKCUMalIbHbIe 3HaUeHUs KodddurrenTa nogaun u uaaukatopuoro KITJI. C
YBCIMYCHUECM YaCTOThI BpalllCHUS KOJICHYAaTOI'0 Bajla YMCHbIIACTCSA OTHOCUTCIIBHOC KOJIMUCCTBO
OHCPIUu, BanaqHBaeMOﬁ Ha OpraHu3alvio IPpUHYAUTEIIbHOT'O TCUCHUA X XUIKOCTH BHHUS.

KiaroueBble cjioBa: NopuHeBas I‘I/I6pI/II[HaSI SHEPreTUICCKasa MalinHa ¢ IByMs BCACbIBAOIIIUMU
Ki1artaHaMu, ITMHaAMHKa JIBUXKCHU oxnax(/:[alomeﬁ KHUOKOCTH, IOPUICHb, TUIXHAP, TeHJ’IOO6MeH, YHucCJIIo
000pOTOB KOJIEHYATOTO Bajia, KOAPPHUIMEHT nmoaayn, nHAnkaTopHbiid KITJ]

UDC 621.512

V.E. Shcherba, A.S. Tegzhanov (Omsk State Technical University, Russia)

E-mail: Scherba_V_E@list.ru

Analysis of dynamic and integral characteristics of a reciprocating hybrid power machine with two
suction valves when changing the rotation speed of the crankshaft

The paper analyzes the influence of the angular velocity of the crankshaft on the working
processes, integral characteristics and dynamics of the coolant movement of a reciprocating hybrid power
machine with two suction valves. Based on a numerical experiment conducted using a previously
developed mathematical model based on the basic fundamental conservation laws, it was found that with
an increase in the number of revolutions of the crankshaft, the coolant consumption in the studied piston
hybrid power machine decreases. In the range 700...900 rpm the maximum values of the feed coefficient
and the indicator efficiency are observed. With an increase in the number of revolutions of the crankshaft,
the amount of relative energy expended to organize the forced flow of liquid down decreases.

Keywords: reciprocating hybrid power machine with two suction valves, dynamics of coolant
movement, piston, cylinder, heat exchange, number of revolutions of the crankshaft, feed ratio, indicator
efficiency

KOMIVIEKTYIOIUE U3JAEJIUSA. TIPUBOPHI

YK 621.825
A.A. Kpacunonukos, 0-p mexu. nayx (Ypanovckuii @eodepanvHulit ynugepcument UMeHu nepeozo
Ilpe3udoenma Poccuu b.H. Envyuna, 2. Examepunoype, Poccus);
A.A. Kpacunvnukoe (OAO « YPAJITH/IPOME/Ib», 2. ITonesckoii, Poccus);
JI.B. Tapanoe (000 «I103-Ilpozpeccy, 2. Bepxuas Ilviumma, Poccusn)
E-mail: Krasilnikov1951@yandex.ru
Onpenesienne nepeaaBaeMoro KpyTsiero MOMeHTa TOPIOBOH MATHUTHON My(ThI C TOHKHMU
BbICOKOKOIPUUTHBHBIMM NMOCTOSIHHBIMHA MATHUTAMH M3 CILUIABA PeIK03eMeIbHBIX 3JIEMEHTOB
PaccmoTpena BO3MOKHOCTh MPUMEHEHMSI CTaHAAPTHON METOIMKH JUIsl pacyera IepeaBaeMoro
KPYTAIIEr0 MOMEHTA TOPIIOBOM MarHUTHON MY(ThI C TOHKUMH BBICOKOKOIPIIUTHBHBIMU MTOCTOSTHHBIMU
MarHuTaMu TOJIIIUHOMN 4,5 MM U3 CIIJIaBa PeIKO3eMEeTbHBIX 2JIeMEeHTOB caMapuii-kooanbT (KC-25/111).
Jlnama3oH U3MEHEHHs BO3YITHOTO 3a30pa MEX1y MAaTHUTaMH B MOTYMy(Tax TOPIOBOUA My(PTHI — OT 5
1o 20 mm. Ilo pesynpTaTam ucciaen0BaHUN BHECEHBI ONPAaBOYHbIE KOA()(PUIIMEHTHI B METOIUKY pacyeTa
nepeaBaeMoro KpyTsIIero MOMEHTa TOPIIOBOM MarHUTHOW MY(THI C TOHKUMH MarHuTamMu. OTMedeHo,
YTO TOPIIOBBIC MarHUTHBIE MY(DTHI TPUMEHSIOTCS TIPU BO3AYITHOM 3a30P€ MEXKIy MarHUTaMH MOTyMy(pT
oT 5 10 12 mm.
KuroueBble ci1oBa: TopioBasi MarHuTHas My(pTa; TOCTOSIHHBIA MarHuT, BO3AYIITHBIN 3a30D,
[IEPENABAEMBIN KPYTALIUNA MOMEHT
UDC 621.825
A.Ya. Krasilnikov (Ural Federal University named after the first President of Russia Boris Yeltsin
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(UrFU), Yekaterinburg, Russia); A.A. Krasilnikov (OAO «URALGIDROMED'y, Sverdlovsk oblast,
Polevskoy, Russia); D.V. Taranov (000 «POZ-Progress», Sverdlovsk oblast, Verkhnyaya Pyshma,
Russia)
E-mail: Krasilnikov1951@yandex.ru
Determination of the transmitted torque of an end magnetic coupling with thin high-coercive
permanent magnets manufactured from the alloy of rare earth elements

The article considers the possibility of using a standard method for calculating the transmitted
torque of an end magnetic coupling with thin high-coercive permanent magnets with a thickness of 4.5
mm manufactured from the samarium-cobalt base alloy (KS-25DC). The air gap variation range between
the magnets in the half couplings of the end coupling is from 5 to 20 mm. The results of the research
made it possible to introduce a correction coefficients into the methodology for calculating the
transmitted torque of an end magnetic coupling with thin magnets. It is noted that end magnetic couplings
are practically used with an air gap between the magnets of the coupling halves in a size range 5...12
mm.

Keywords: end magnetic coupling; permanent magnet, air gap, transmitted torque

VYIK 621.822.6

M.M. Mamnun, 0-p mexu. nayx, B.A. Kazankun, E.H. Ka3anukuna, kanouoamot mexu. nayk, B.A.
Kocmiokoes (Bonzozpaockuii zocyoapcmeennwtit mexuuueckuii ynusepcumem, Poccus) E-mail:
matlin@vstu.ru

IllapukoBbIe MOAMMIHUKH KaueHusi (0630p nyonukayuit)

Jlan 0630p KOHCTPYKIMI MOJIIUITHUKOB KaueHus (MIPUBEICHHBIX B COBPEMEHHOM JINTEpAType,
MaTCHTaxX U aBTOPCKUX CBUJCT eJII)CTBaX), IMPUMCHCHHUEM KOTOPBIX MOXKET OBITE 00ECIIEYEHO CMAa3bIBAHUE
MMOAIIHITHUKOB, IMMOBBIIICHUC I'PY30IIOABEMHOCTH U JOJITOBCUYHOCTU IMOAIIHUITHUKOB, CHUKCHHUEC UX U3HOCA.

KuroueBrble cj10Ba: KOHCTPYKIUH, PELYKTOPBI, IPUBOJBI, IIOIIUITHUKH
UDC 621.822.6
M.M. Matlin, V.A. Kazankin, E.N. Kazankina, V.A. Kostyukov (Volgograd State Technical University,
Russia) E-mail: matlin@vstu.ru
Rolling ball bearings (review of publications)

The paper provides an overview of the designs of rolling bearings (in modern literature, patents
and copyright certificates), including designs that improve the load capacity and durability of bearings,
reduce wear and ensure bearing lubrication.

Keywords: structures, gearboxes, drives, bearings

MATEPUAJIOBEJEHHUE. 3BAIIIUTA OT KOPPO3UU

YK 681.518.5:539.1.06
10.B. llacmyxos, H.JI. I onuk, kanoudoamol mexu. nayk, B.I1. 3aapuwiil, 0-p mexu. nayk
(Bonzozpaockuii 2ocyoapcmeennsiii mexuuueckuil ynugepcumem, Poccus)
E-mail: zvp2000@mail.ru
MOHUTOPHUHT KOPPO3HOHHBIX MPOLECCOB B KOHCTPYKIMOHHBIX MaTepUaiax 000py10BaHUs
paaoMeTpHUYeCKUM METO10M

HccnenoBaHo Bo3eiCTBUE arpecCUBHBIX HE(PTEXUMHUUECKUX Cpell Ha (peppocoepkaliye
KOHCTPYKLIMOHHBIE MaTepHalibl TpyOOIPOBOAOB 000PYAOBAHUS PaMOMETPHUECKUM METOIOM (C

HCITOJTb30BAaHUEM 00Pa3IOB-CBUICTENCH, COACPIKALTUX 23 Co). IIpu KCIIepUMEHTATBLHBIX UCCIICAOBAHUSIX

o0ecrevyeHo CBOEBPEMEHHOE BBISIBICHHE KPUTHYECKUX BBICOKMX CKOPOCTeH koppo3uu (10 274 MM/Tro1 U
6osee) U1 ONepaTUBHON KOPPEKTUPOBKH aHTUKOPPO3UOHHBIX Mep, B pe3yJIbTaTe 00ecreyeHO CHUKEHUE
CKOpoCTH Koppo3uu 10 npuemiemoro yposHs (0,1...1,0 mm/ron). YcraHnoBieHa BeICOKas

3¢ deKTUBHOCTH 00pa3IOB-CBUAETENE] A JUITMTENbHOTO (6osiee 1 roaa) Hepa3pyIaroIero
MOHHMTOPHHTA KOPPO3HOHHBIX MPOIIECCOB B PEKUME PeaIbHOT0 BPEMEHH, UTO HEOOXOAUMO JIJIsl KOHTPOJIS
KadyecTBa pabOThl M YCOBEPILIEHCTBOBAHMS aHTUKOPPO3UOHHBIX CUCTEM, JJIS TIOBBIILICHUS UX
OBICTPOACHCTBHSI, YCTOMYUBOCTH U HAJIEKHOCTH.
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KiroueBble cjioBa: arpeccuBHas HepTeXUMUYeCKask Cpeia, KOHCTPYKIIMOHHBIE MaTepHaJIbl,
KOPPO3usi, 00pa3lbI-CBUACTENN, PAAUOMETPUICCKUA MOHUTOPHHT
UDC 681.518.5:539.1.06
Yu.V. Pastukhov, I.L. Gonik, V.P. Zayarnyi (Volgograd State Technical University, Russia) E-mail:
zvp2000@mail.ru
Corrosion monitoring in structural materials of equipment by radiometric method

The effect of aggressive petrochemical media on ferrocontaining structural materials (pipelines)
in equipment was studied by the radiometric method, using the obtained witness samples (containing

®Co). The conducted experimental studies made it possible to timely detect critically high corrosion

rates (up to 274 mm/year or more) and promptly take appropriate anti—corrosion measures, which
allowed reducing the corrosion rate to an acceptable level (0.1...1.0 mm/year). The witness samples used
showed high efficiency, since they provided long-term (more than 1 year) non-destructive monitoring of
corrosion processes in real time, which makes it possible to assess the quality of existing anti-corrosion
systems, improve their working methods, increase their speed, stability and reliability.

Keywords: aggressive petrochemical environment, structural materials, corrosion, samples-
witnesses, radiometric monitoring

YK 621.514
A.B. Anoeckuu, I . Illaudyposa, 0-p mexn. nayk (ILA0 «Hayuno-npouseoocmeennoe 00veounenue
«Hckpan, 2. [lepmsb, Poccus);
AJIL. Kamenesa, 0-p mexn. nayk (Ilepmckuit HayuonanbHulilt uccie008amenbCKuil NOJaUmMeXHU4ecKuil
YHugepcumem, Poccus)
E-mail: YanovskiyAnton@npoiskra.ru
I/ICCJ'[e}IOBaHI/Ie TpHﬁOTeXHI/I'leCKHX CBOIiCTB KOMITO3UIIMOHHBIX MaTE€pUuaJioB
C mepcneKTHBOM MX MPUMEHEHHUS B IVIACTHHYATHIX KOMIIpeccopax

[Ipencrasnens! pe3ynbTaThl UCCAEAOBAHUN TPUOOTEXHUUECKUX CBOMCTB HEMETAINTUYECKUX
KOMITIO3UTHBIX MATCPpUAJIOB C YHE€TOM BO3MOKHOCTH UX ITPUMCHCHUS IJIL U3TrOTOBJICHUS TIJIIACTHH
KoMmripeccopa. Ha o0pasiax KoMrno3uToB ObLIH OIpEAeSIeHbl HAYaJIbHBIA U YCTAHOBUBIIUICS
K03(1)(1)I/II_II/ICHTLI TPCHUA, a TAKIKC CPCAHAA NHTCHCHUBHOCTDb U3HOCA. I[BYXBTaHHBIﬁ OKCIICPUMCHT
IMMPOBEACH B YCIIOBHAX CYXOr'0 TPCHUSA U B YCIOBUAX CMAa3bIBaHWA 30HBI TPCHUA C IPUMCHCHUEM
MoTOpHOro Macia Mapku «Jlykoin-Ctanaapt». B pe3ynbraTe cpaBHEHUS XapaKTEpUCTUK 00pa3lioB
BBIZCIJICH MaTCpuajl C HAUJIy4YIIUMU TpI/I60T€XHI/I‘IeCKI/IMI/I XapaKTCPHUCTUKAMM, ITPCATIOKCHBI
AOMMOJIHUTCIIBHBIC pCKOMCEHAAINHU 10 JOMMOJIHUTCIIBHOMY CHUKCHUIO KOB(b(bHHHeHTa TPCHUA.

KuroueBble cjioBa: Tpr0O0JI0THsI, KOMIO3UI[MOHHBIE MAaTEPUAJIbl, CyX0€ TPEHHE, IITACTUHYATHIN
KOMIIPECCOP
UDC 621.514
A.V. Yanovskiy, G.l. Shaidurova (PSC Research-and-Production Association «Iskra», Perm, Russia);
A.L. Kameneva (Perm National Research Polytechnic University, Russia) E-mail:
YanovskiyAnton@npoiskra.ru
Study of tribological properties of composite materials with prospects for application in vane
compressors

There are given results of tribological properties’ analysis in non-metal composite materials
taking into account the possibility of their application for manufacture of compressor’s vanes. Composite
specimens were used for determination of initial and steady friction coefficients, as well as mean rate of
wear. Double stage experiment was run under dry friction conditions and with application of Lukoil-
Standart motor oil for friction zone lubrication. After analysis of specimens’ characteristics there was
chosen a material with the best tribological properties and were proposed recommendations on additional
decrease of friction coefficient.

Keywords: tribology, composite materials, dry friction, vane compressor
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NHOOPMALIUA

VK 678.027.3:678.073-023.811-023.848(048.83)
H.0. Mukynénok, 0-p mexu. nayk (Hayuonanonviii mexnuueckuil ynugepcumem YKpaunuvl
«Kueeckuii nonumexunuueckuii uncmumym umenu Hzopa Cukopckozo»)
E-mail: i.mikulionok@gmail.com
Kaaccupukanus ycTpoiicTB UIsi HAMOTKH MOJUMEPHBIX MJIEHOK (0030p KOHCMPYKUUIL)
HpeI[J'IO)KeHa KJ'IaCCI/I(bI/IKaI_[I/I}I YCTpOﬁCTB JJIs1 HAMOTKH PYKAaBHBIX W IINIOCKUX ITOJIMMCPHBIX
IEHOK. BhINOIHEH KpuTHYecKuid 0030p Hanbosee XapakTepHbIX KOHCTPYKIMHA YCTPOHCTB.
KutroueBble ci10Ba: moyimMep, SKCTPy3usl, HAMATHIBAIOIIIEE YCTPOUCTBO, Kilaccu(uKkanms,
KOHCTPYKIIUU
UDC 678.027.3:678.073-023.811-023.848(048.83)
1.0. Mikulionok (National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”) E-mail: i.mikulionok@gmail.com
Classification of devices for winding of polymeric films (review of designs)
A classification of devices for winding tubular and flat polymeric films is proposed. The critical
review of the most characteristic designs of the devices is realized.
Keywords: polymer, extrusion, winding devices, classification, designs
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AHHOTAIUM CTaTel KypHaIa «XUMHYeCKOoe U HepTerazopoe MaIIMHOCTPOECHUE)
Ne 9-2022

HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATALIUA

IMPOOECCHI U ObOPYJJOBAHHUE
XUMHYECKHUX U HE®TEIT'A30BBIX TEXHOJIOT U

VIK 66.092:66.041.45
O.10. Kynewoe, B.M. Ceoenxun, 0ookmopa mexu. nayk, A.H. Mpakun, kano. mexu. Hayk
(Capamoeckuii cocyoapcmeennulii mexnuyeckuil ynueepcumem umenu I'acapuna FO.A., Poccus) E-
mail: o-yu-kul@yandex.ru
MaTtemaTH4€eCcKOe MOACTUPOBAHUEC HECTANUOHAPHBIX PEKUMOB paﬁoTbI MNEYHbIX prﬁ‘laTbIX
PeaKkTOpOB MUPOJIN3A YIJIEBOJAOPOAOB C Y4eTOM JUHAMHKHA BHYTPEHHEI0 KOKCOOTJI0KEHUS

Pazpaborana Mmarematuueckas MoJielb (PU3UKO-XUMUYECKUX IPOLIECCOB B TPyOUaTOM peakTope
MUPOJIKM3a YIIIEBOAOPOIOB (PEaKIIMOHHOM 3MEEBUKe TPyOUaToil meun) ¢ yueroM TMHAMUKH 00pa3oBaHus
CJI0S KOKCa Ha BHYTPEHHEH MOBEpXHOCTH TpyO. OCOOEHHOCTh MATEMaTHYECKOTO OTTMCAHUS —
HCIIOJIB3YCTCA ABYX30HHAA MOJCIIb TCINIOMACCOIIECPEHOCA B pr6‘laTOM PCaKTOPC, B KOTOpOfI
YUYUTBIBAIOTCA (1)I/IBI/IKO-XI/IMI/I'~I€CKI/IC IMPOLECCChI KaK B AAPC IMOTOKA, TAK U B SHAYUTCIIBHO HCpCFpCTOﬁ
HpHCTeHOHHOﬁ ooOmactu. C IIPUMCHCHHUEM HpCHHO)KeHHOﬁ MaTeMaTHYECKOU MOJCIIN IIPOBCACHO
HCCJIICAOBAHUC ITpOoLECCa KOKCOO6pa30BaHI/I$[ B Pa3JIMYHBIX MUPOJIM3HLBIX IM€YaX 3TUJICHOBBIX YCTAHOBOK.

KiaroudeBble ciioBa: pr6‘laTbIe 4 1MrupoJin3a, peaKL{I/IOHHHﬁ 3MCECBHUK; BHYTPCHHUC (1)I/ISI/IKO-
XUMHYCCKHUC ITPOLECCHI, KOKCOO6pa30BaHI/Ie, MaTeMaTU4YCCKOC MOACIINPOBAHUC
UDC 66.092:66.041.45
O.Yu. Kuleshov, V.M. Sedelkin, A.N. Mrakin (Saratov State Technical University named after Yu.A.
Gagarin, Russia) E-mail: o-yu-kul@yandex.ru
Mathematical modeling of non-stationary operation modes of furnace tubular reactors of
hydrocarbons pyrolysis with account of the internal coke deposition dynamics

A mathematical model of physicochemical processes in a tubular hydrocarbon pyrolysis reactor
(reaction coil of a tubular furnace) have been developed, taking into account the dynamics of the
formation of a coke layer on the inner surface of the tubes. The mathematical description differs in that a
two-zone model of heat and mass transfer in a tubular reactor is used, taking into account
physicochemical processes both in the flow core and in a significantly overheated wall region. Using the
proposed mathematical model, a study of the process of coke formation in various pyrolysis furnaces of
ethylene plants was carried out.

Keywords: tubular pyrolysis furnaces, reaction coil; internal physico-chemical processes, coke

formation, mathematical modeling

YK 621.593
E.B. Cemenos, H.A. Huxumun, 0okmopa mexu. Hayk (MocKkoecKkuit 2ocyoapcmeenHslii yHugepcumem
mexnonozuii u ynpagienusn umenu K.I'. Pazymoeckozo (Ilepewiit kazauuit ynugepcumem), 2. Mockea,
Poccusn);
I'.A. benoszepos, 0-p mexn. nayk, A.H. Cyukoe (Bcepoccuiickuit Hay4Ho-ucc1e008amenbCKuil
UHCMUmMYm X0100unbHOouU npomviuinennocmu — puauan OPI'BHY « OHI] nuwiesvix cucmem um. B.M.
TI'opoamosa» PAH, 2. Mockea, Poccus)
E-mail: sem-post@mail.ru
K pacuery npouecca 3amopakuBaHus BJarocojaep:kaiei cyocTaHuum

PacyeTHBIM U 9KCTIEpUMEHTAIBLHBIM METOAAMHU UCCIIEIOBAH MPOIIeCC OXTIaXKIeHUs oOpasia B
dbopme MPSAMOYTOIHHON MIACTUHBI TIPH CTAIIHOHAPHOM TETUIOOOMEHE M MPY KOHBEKTUBHOM TEIIJIOOOMEHE
00BEKTa C OKpYIKaIOIIEH BO3AYIITHON CpeIoi ¢ yueToM (pa3oBOro mpeBpallieH|uH BObI B JI€]I, YTO UMEET
BaXHOE MPAKTHUUECKOE 3HAUCHHE I pealn3allii TeXHOJIOTHI JUIMTEIbHOTO XpaHeHus o0pasia B
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YCIOBUAX CYOKPHOCKOITUUECKUX TEMIIepaTyp.

KuroueBble ci10Ba: mpoiiecc OXJIAKIEHUs, TPSIMOYToJbHas IJIAaCTHHA, (a30BOE MPEBpAIICHHE,
KpUOCKOIIMYECKasi TeMIIeparypa
UDC 621.593
E.V. Semenov, I.A. Nikitin (Moscow State University of Technologies and Management named after
K.G. Razumovsky (First Cossack University), Moscow, Russia);
G.A. Belozerov, A.N. Suchkov (All-Russian Research Institute of Refrigeration Industry — Branch of
the Federal State Budgetary Institution **FSC of Food Systems named after V.M. Gorbatov** of the
Russian Academy of Sciences, Moscow, Russia) E-mail: sem-post@mail.ru
To the calculation of the process of freezing of a moisture-containing substance

Quantitatively and experimentally was investigated the problem of cooling the sample in the form
of a rectangular plate during stationary and convective heat exchange of the object with the surrounding
air environment, taking into account the phase transformation of water into ice, which is of great practical
importance for the implementation of technologies for long-term storage of the sample at subcryoscopic
temperatures.

Keywords: cooling process, rectangular plate, phase conversion, cryoscopic temperature

YK 66.011:532.3
M.B. Knvixkos, T.B. Anywikuna, P.I'. Xacanos, kanouoamut mexu. nayk (Mncmumym
He(pmenepepadomku u negpmexumuu ®PI'bOY BO YI'HTY ¢ 2. Canasame, Poccus)
E-mail: alul@yandex.ru
IlepememnBaHue KUAKOH (pa3bl B CJIOSIX PEry/IsipHOM HACAAKH U3 rO)pHMPOBAHHON CETKH C
TPeyroJbHbIMHU roppamu

Hpe,Z[CTaBJ'IeHLI PE3YyIbTAaThl UCCIICAOBAHUS PACIIPEACIICHUSA ) KUAKOCTU B MacCOOOMEHHBIX
amrmaparax ¢ peryJsipHbIMU HacaJKaMH U3 CETKH C TPEyroibHbIMU rodpamu. Pazpaboransr Moenu
paaruaJIbHOTO U MPOAOJIBbHOI'O IICPEMCIINBAHUS JKUAKOCTH C YUCTOM €€ PACTCKAHUA 1 HCPABHOMCEPHOCTHU
OpOILIeHHS IO ceueHuIo anmapara. [lomyuena 3aBucumocts K03 puimenTa mpoIoIsHOTO
MepeMCIINBaHHA )KI/I,I[KOP'I (baSLI B aIllaparax pasjindHbIX pa3MEpoOB IIpU HCPABHOMCPHOM OPOIICHUHU OT
KO3 UITMEHTA MTPOJIOJIEHOTO TIEPEMEIITHMBAHMS KUIKOHM (pa3sl B MOICTLHOM ammapare. Pe3ynbraTe
OKCIICPUMCHTOB B J'Ia60paTOpHLIX YCJIOBHUAX YAOBJICTBOPUTCIIBHO COBIIAAAIOT C PE3YyJIbTATAMHU
TCOPCTUUICCKHUX I/ICCJ'IGI[OBZ[HI/Iﬁ. HpI/I YBCINYCHHUU KOB(b(bI/IHI/IeHTOB pacCTCKaHus ) XUAKOCTH CHUKACTCA
BJIIMSIHHE MaclITaOHOro (akTopa.

KuroueBble cjioBa: Hacaaka, MOJIEIb, paclpe/ielIeHIe KUAKOCTH, TPUCTEHOUHBIH 3 exT,
MacIITaOHBIN (GaKTop
UDC 66.011:532.3
M.V. Klykov, T.V. Alushkina, R.G. Khasanov (Ufa State Petroleum Technological University, Institute
of Oil Refining and Petrochemistry of the University in the City of Salavat, Salavat, Russian
Federation) E-mail: alul@yandex.ru
Mixing of the liquid phase in layers of regular packing made of corrugated mesh with triangular
corrugations

The results of modeling and studying of the distribution of liquid in mass transfer apparatuses
with regular packings from a grid with triangular corrugations are presented. Models of radial and
longitudinal mixing of the liquid are developed, taking into account its spreading and uneven irrigation
over the section of the apparatus. The dependence of the coefficient of longitudinal mixing of the liquid
phase in apparatuses of various sizes with uneven irrigation on the coefficient of longitudinal mixing of
the liquid phase in the model apparatus is obtained. In experiments under laboratory conditions, the
results obtained agree satisfactorily with the results of theoretical studies. Increasing the spreading
coefficients of the liquid reduces the sensitivity of the nozzle to the scale factor.

Keywords: column packing, model, liquid distribution, wall effect, scale factor
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VK 629.114.2-235
H0.U. Kpvixmun, B.H. Kapnos, kanouoamul mexn. nayk (Boazozpaockuii zocyoapcmeennbliii
mexHuueckuil ynusepcumem, Poccusn)
E-mail: au@vstu.ru
Pa3p360TKa arperarta HAaCOCHOI YCTaHOBKH IOBLILIEHHOM MOIIHOCTH JISI THApopa3pbiBa
NMePEMbBIICK ILJIACTOB Heq)TﬂHbIX H ra30BbIX U30/JIMPOBAHHBIX moJiocTer

[Ipemuiaraercss KOHCTPYKIUS arperara HaCOCHOM yCTaHOBKH MOOMIIBHOTO KOMILIEKCA ISt
TuapopaspbiBa IIEPEMBIUCK I1JIACTOB He(bTSIHBIX H T'a30BbIX U30JIMPOBAHHBIX ITOJIOCT er AN3CIbHBIM I[BC
¢ apdpexTuBHOI MoTHOCTHIO 10 3000 11.C., ABYXTIOTOYHOH BRICOKOOOOPOTHON MHOT'OCKOPOCTHOM
MeXaHUYeCKOU KOpO6KOI>'I INEPEMEHBI II€EPEaAaY U THAPOHACOCOM C MaKCUMAJIbHBIM pa60‘II/IM JaBJICHUEM
105 MIIa. Pa3zpaboTka HampaBieHa Ha noBbIeHHe mpousBoautensHocty u KI1/1, yBennuenue
HaAC)KHOCTHU M YIIPOIICHHUE KOHCTPYKIUU arperara HACOCHOH YCTAaHOBKH.

KuroueBbie ciioBa: nmusensublil [IBC, BeicokooOopoTHas aByxmorounas mexannueckast KIIIT,
TuaApoHacoC BBICOKOI'O pa6oqero JaBJICHUA
UDC 629.114.2-235
Yu.l. Krykhtin, V.I. Karlov (Volgograd State Technical University, Volgograd, Russia) E-mail:
au@vstu.ru
Development of a high-power pumping unit apparatus for hydraulic fracturing of bridges of oil
and gas insulated cavities

Presented the unit of pumping unit of a mobile complex for hydraulic fracturing of oil and gas
insulated cavities with an internal combustion diesel engine with an effective capacity of up to 3000 I.s., a
two-flow high - turnover and multi-speed manual gearbox, and with a hydraulic pump with a maximum
working pressure of 105 MPa. The development is aimed at at improving productivity, efficiency factor,
increasing reliability and simplifying the design of the pumping unit.

Keywords: diesel internal combustion engine, high-speed double-flow mechanical gearbox, high-
pressure hydraulic pump

YK 62-98

HU.IO. I'onosanos, M.I'. /lacymkun, 0-p mexu. nayk (Mockoeckuii nonumexnHu4ecKuil yHueepcumenm,
Poccus) E-mail: igol95@yandex.ru

Onpeueﬂeﬂue (l)]/I3I/IKO-MeX3HI/I‘IeCKHX XapPaKTEPUCTUK KOJECIL Pammra u odocHoBanue TOJIIUHBI
CTEHKH KOJIeL Pammura mn3 (l)T()pOl'lJ'[aCTa IJIA IKCIIYyaTallud B YCJI0BUAX CEPHOKHUC/IOTHOT O
MPOU3BOACTBA

Hpe,Z[CTaBJ'IeHLI PE3YIbTAThI UCCIICAOBAHUA I[e(l)OpMaI_[I/II/I KOJICI] Pamura u3 (bTOpOHHaCTa,
Harpy>K€HHBIX MONIEPEUHBIM YCHIINEM, B YCIOBUIX pabdO4MX pPEeXUMOB B KOJIOHHBIX anmaparax
CyI_HI/IJ'IBHO-a6COp6I_II/IOHHBIX OTI[CJ'ICHI/Iﬁ IIpOU3BOJACTBA CGpHOfI KucIoThl. 11o pe3yiabTaTaM
KOMITBIOTCPHOT'O MOACIIMPOBAHUSA U HATYPHOI'O OKCIICPUMEHTA OIMMPEACIICHBI 3HAYCHUSA MOIYJISA YIIPYTOCTHU
¢droporutacta Mapok @-4Mb u @-4TT" B aTux ycnoBusx. OnpeneneHbl MUHUMAJIbHO BO3MOXKHBIE
TOJIIIMHBI CTEHOK Koster Pammra u3 ¢groporuiacta JaHHBIX MapoOK € JOIYCTUMOM JedopMalinei KoJer oT
ﬂeﬁCTByIOIHCFO MOINEPCUHOI0 YCUJINS B YCIIOBUAX CEPHOKUCIOTHOT'O ITPOU3BOACTBA.

KuroueBble ciioBa: cepHasi KucinoTa, abcopOIvs, KOJOHHBIN arrapar, Koyiblia Pammra, TonmHa
CTCHKH, HAACKHOCTB, (bTOpOHHaCT ) (I)I/I3I/IKO-M6X8.HI/ILIGCKI/IC XapaKTCPUCTHUKHU, HaTypHLIfI 9KCIICPUMCHT,
KOMITbIOTEpHOE MoaeaupoBanue, SolidWorks.

UDC 62-98

I.Yu. Golovanov, M.G. Lagutkin (Moscow Polytechnic University, Russia)

E-mail: igol95@yandex.ru

Determination of physical and mechanical characteristics of Rashig rings and the wall thickness of
polytetrafluoroethylene Rashig rings working under conditions of sulfuric acid production

The article presents the deformations and the minimum wall thicknesses of Raschig rings made of
polytetrafluoroethylene. The rings were loaded with transverse force. The created conditions simulated
the conditions in the column apparatuses of drying and absorption units in the production of sulfuric acid.
The modulus of elasticity of polytetrafluoroethylene was determined by computer modeling and field
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experiment.

Keyword: sulfuric acid, absorption, column apparatus, Raschig rings, wall thickness, reliability,
polytetrafluoroethylene, physical and mechanical characteristics, field experiment, computer modeling,
SolidWorks

IMPOMBIIIIVIEHHA S OKOJIOI'UA

YK 66.074
B.3. 3unypos, A.B. /Imumpues, 0-p mexn. nayx (Kazanckuii cocyoapcmeennulii JnepeemuyecKuil
yuueepcumem, Poccusn); O.C. /Imumpuesa, kano. mexu. nayk (Kazanckuii nayuonanonwiii
uccnedosamenbCcKuil mexuoaozuueckuii ynusepcumem, Poccus) E-mail: ieremiada@gmail.com
Biausinue KOHCTPYKTHBHOIO 0()OpMIIeHUSI MYJIbTHUBUXPEBOI0 KJIaccupukaTopa-cenapaTropa Ha
3(1)(1)eKTI/IBHOCTL pPa3ac/JICHUA NMOPOLIKAa HA OCHOBE CUJIMKAreJ/Jis

Z[J'ISI (bpaKHI/IOHI/IPOBaHI/IH CBIITYYEro Mar€puajia Ha OCHOBC CUJIMKArejs ¢ KPyYIIHOCTBIO
rpanngHoro 3epHa 30...40 MKM IpeyIoKeHa KOHCTPYKIIHSI MYJIbTHBUXPEBOTO Ki1accu(pukaropa-
CCIiapaTropa ¢ COOCHO PaCIIOJIO0KCHHBIMHA pr6aMI/I, IMPUBCACHBI TPCXMEPHAA MOJCJIb allllapaTa, IPUHIUII
ero neiictBus. MccnenoBana a3peKTHBHOCTH KiIaccH(PUKaTOpa-cenaparopa npu pa3indHbIX
KOHCTPYKTHBHBIX U TCXHOJOTMYCCKUX IMMapaMCTpax. HpI/I YUCJIICHHOM MOACIIMPOBAHUHU ITPUMCHCHA k-W
SST moxens TypOynenTHOCTH. BbuT iponsBeneH pacueT 3¢ (HeKTUBHOCTH pabOTHI OJJHOTO armapara u
TPEX MOCICAOBATCIIbHO COCANHCHHBIX allllapaToOB. yCTaHOBHeHO, 4TO MPUMCHCHUCM BHYTpeHHeﬁ pr6BI
0€e3 KOHUYECKOro nepexoaga oOecrieunBaeTcs Q)paKHI/IOHI/IPOBaHI/IC CBIITYYCro Marepuajia Ha OCHOBC
CUJIMKAreys ¢ KPYIMHOCThIO rpaHuYHOro 3epHa paBHoro 30...40 Mxm. Paspaborana nH)XeHepHas
METO/IMKA pacyeTa MyJIbTHBHXPEBOTO KilacCH(pHUKaTopa-cenaparopa sl IpOrHO3UPOBAHUS
3(1)(1)CKTI/IBHOCTI/I alrirapara B 3aBUCMMOCTH OT BXO,Z[HOI71 CKOPOCTH 1ra3oBOro 1noToka u Tpe6yeMOﬁ
KpPYIIHOCTH I'PaHUYHOI'0 3€pHA.

KuroueBble ci1oBa: cuiIMKarenb, aicopOeHT, Kiaccudukatop, 3hHEKTUBHOCTD,
($paKMOHUPOBAHKE, CHITYUYNI TOPOILIOK, CeTaparis YacTHI]
UDC 66.074
V.E. Zinurov, A.V. Dmitriev (Kazan State Power Engineering University, Russia);
O.S. Dmitrieva (Kazan National Research Technological University, Russia)
E-mail: ieremiada@gmail.com;
Effect of the design of a multi-vortex classifier-separator on the separation efficiency of powder
based on silica gel

Design of a multi-vortex classifier-separator with coaxially arranged pipes for fractionation of
bulk material based on silica gel with a grain size of the boundary equal to 30...40 microns was
proposed. The article presents a three-dimensional model of the device and the principle of its operation.
The effectiveness of a multi-vortex classifier-separator with coaxially arranged pipes at various design
and technological parameters was determined. The k-w SST turbulence model was used in numerical
simulation. The efficiency of one and three sequentially connected classifiers-separators was calculated.
Use of the inner tube without the conical junction allows fractionation of bulk material based on silica gel
with a grain size of the boundary grain equal to 30...40 microns. An engineering method for calculating a
multi-vortex classifier-separator is obtained allowing to predict the efficiency of the apparatus depending
on the input velocity of the gas flow and the required size of the boundary grain.

Keywords: silica gel, adsorbent, classifier, efficiency, fractionation, loose powder, particle
separation

YK 66.081.6

C.U. Jlazapes, U.B. Xopoxopuna, O.A. Abonocumos, 00Kkmopa mexu. HAYK,

M.C. I'eccen, H.A. Jlazapee (Tambosckuil zocyoapcmeennlit mexnudeckuil ynueepcumem, Poccus)
E-mail: kotelnikovirina@yandex.ru

AHA/IU3 KOHCTPYKIHMHU YJIEKTPOMEMOPAHHOI0 annapara Tpyo4aTroro Tumna

¢ QUIBTPYIOILIUMHU dJIeMEHTAMH PA3JIMYHON IUIOIIAAN U METOIMKA €ro pacyera
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Pazpaborana meronuka pacuera 3JIeKTpodapoMeMOpaHHOro anmnapaTa TpyoyaToro THIa C
GUABTPYIOMHUMHE 3JIEMEHTAMHU PA3IMYHON IUIOIIA N, BHITOJIHEHHOTO ¢ YBEJTUYCHHOM IIJIOIIA IbIO
pas3zaeneHus B eiMHuUIe 00beMa anmapara (3a cyeT JOMOJHEHHS IPUKATOIHBIX, TPUAHOTHBIX MEMOpaH
KOHIICHTPUYECKOH (hOpPMBI BBICTYIIAMH YBEeJIMUEHHOTO quamerpa). [1o pazpabotanHoit MmeToauke
paccuMTHIBAIOTCS 00BEM M Macca anmapaTa U ero 3K0JIOTr0-3KOHOMUYecKast 3PPEKTUBHOCTH MPH
pa3saciICHUA OHOJIOTMYECKHU aKTHUBHBIX pPacTBOPOB.

KiroueBble cjioBa: MeTonKa, MeMOpaHbI, TpyOUaThIid 2JIeMEHT, 3IIeKTpobapoMeMOpaHHas
YCTaHOBKa, pacxod SHCPIruu
UDC 66.081.6
S.1. Lazarev, 1.V. Khorokhorina, O.A. Abonosimov, M.S. Gessen, I.A. Lazarev (Tambov State
Technical University, Russia) E-mail: kotelnikovirina@yandex.ru
Analysis of the design of a tubular electromembrane apparatus
with filter elements of various areas and a method for its calculation

A method for calculating a tubular electrobaromembrane apparatus with a non-uniform filtration
area has been developed. The tubular electrobaromembrane apparatus is made with an increased
separation area per unit volume of the apparatus, due to the addition of concentric near-cathode, near-
anode membranes with protrusions of increased diameter. The developed technique makes it possible to
calculate the volume, mass of the apparatus and its environmental and economic efficiency in the
separation of biologically active solutions.

Keywords: technique, membranes, tubular element, electrobaromembrane installation, energy
consumption

YK 662.61.074:665.6
B.JI. Kamun, 0-p mexu. nayx (/lanbneeocmounslil 20Cy0apCcmeeHHblil yHugepcumenm nymeii
cooowenusn; Tuxookeanckuil 2ocyoapcmeennslii ynugepcumemy, 2. Xaoapoeck, Poccusn); B.IO.
Kocwvieun, 0-p zeon.-munep. nayx («Botuuciumenwvustii yenmp) /lanoHesocmounozo omoeneHus
Poccuiickoint akademuu nayk, 2. Xavapoeck, Poccus); A.A. /Kypaenee (/lanvneeocmounuiii
20Cy0apcmeeHHblil yHugepcumem nymeii cooowenus, 2. Xavaposck, Poccus) E-mail:
kosyginv@inbox.ru
CHu:xenmne BPEIHBIX BblﬁpOCOB OKCHJIO0B a30Ta JaCTHYHOH peunpxynﬂuneﬁ ABIMOBBIX I'a30B B
TONKY He()Te3aBOACKHX NeYeH

PaCCMOTpCHBI PE3YIbTAThl TCOPCTUUCCKHUX U OIIBITHBIX I/ICCJ'ICILOBaHI/II\/'I 110 000CHOBAHUIO
HCIIOJIB30BAaHUSA B He(l)TeL’.aBOI[CKI/IX rneyax crocoba PEHUPKYIAIUN YaCTH ABIMOBBIX I'a30B B TOIIKY JJIA
COKpalICHUu-d BBI6pOCOB OKCHIOB a30Ta. Pa3pa6OTaHBI PEKOMEHAAaIUU 110 MPUMEHCHUTIO JAHHOT'O METOda
B TpyOuaThIx nedax. [IpeanokeHbl aBTOpCKHE HOBbIE TEXHUUECKHUE PELIEHUS 0 CO3AaHUIO
YCOBCPIICHCTBOBAHHOI'O YCTpOﬁCTBa HJIA COKUT'aHUs JKUAKOT'O TOIIJIMBA (B BHUC BOI[OM&?»YTHOI\;I
SMYJBCUH) U TOpesioyHoro ycrpoictea tuna ['TI-2 ¢ mogauelt penupKyInpyOIIKX ra30B B 30HY FOPEHUS.

KiaroueBble ciioBa: He(bTenepepa6aTbIBa10mHe 3aBOJHbI, pr6‘{aTBIe TCXHOJOI'MYCCKUC IICYH,
H€(1)TC33BOI{CKI/I€ raspl, Ma3yT, BOOAOMa3yTHasd SMYJIbCHA, CHUKCHHUEC BPECAHBIX BI>I6pOCOB, OKCHJbI a30Ta,
pPEeOUPKYIALNUA ABIMOBBIX I'a30B
UDC 662.61.074:665.6
V.D. Katin (Far Eastern State University of Communications; Pacific State University, Khabarovsk,
Russia); V.Yu. Kosygin (**Computer Center" of the Far Eastern Branch of the Russian Academy of
Sciences, Khabarovsk, Russia); A.A. Zhuravlev (Far Eastern State University of Communications,
Khabarovsk, Russia) E-mail: kosyginv@inbox.ru
Reducing harmful emissions of nitrogen oxides by partial recirculation of flue gases into the
furnace of oil refinery furnaces

The article presents the results of theoretical and experimental studies to justify the use of the
method of recirculation of part of the flue gases into the furnace in operating oil refinery furnaces in order
to reduce emissions of nitrogen oxides. Recommendations for the use of this method in various designs of
tube furnaces have been developed. Author's new technical solutions for the creation of an improved
installation for burning liquid fuel in the form of a water-oil emulsion and a burner device of the GP-2
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type with the supply of recirculating gases to the combustion zone are proposed for implementation.
Keywords: oil refineries, tubular process furnaces, refinery gases, fuel oil, oil-water emulsion,
reduction of emissions, nitrogen oxides, recirculation of flue gases

BE3OITACHOCTbD. IUAT'HOCTUKA. PEMOHT

YK 620.179:621.64
b.B. I'yces, 0-p mexn. nayx, M.1Q. @edomos, kano. mexu. nayk (Poccuiickaa unscenepnasn
akaodemusn, 2. Mockea, Poccus);
B.B. Jlewenko, kano. mexu. nayx, A.M. Jlenuxun, 0-p mexn. nayx (000 «HTI[
«Hegpmezazouacnocmuxay, 2. Mockea, Poccusn);
H.A. Maxymoes, 0-p mexn. nayk (Mncmumym mawunogedoenus PAH um. A.A. baazonpasosa, 2.
Mockea, Poccus);
O.H. Byoaoun, 0-p mexn. nayk (A0 « [ {HUH cneyuanvnozo mawmunocmpoenusny, 2. XomovKoeo
Mockoeckoii 00a., Poccus)
E-mail: fedotovmyu@gmail.com
Hepaspymaloumﬁ KOHTPOJIb MOPCKHX IMOJABOJAHBIX prﬁol’[pOBO)IOB H pacuYeTHOC 000CHOBaHUE UX
0€301aCHOCTH 10 KPUTEPUSAM PUCKA

PaccMmoTpeHa KOHIENIHS OIIEHKH OMACHOCTH J€(PEKTOB MOPCKUX MOBOIHBIX TPYOOIIPOBOIOB MO
KPpUTCPUAM PpUCKA C YUCTOM oco0eHHOCTEN MCTOHOB U CPCACTB HCPAZPYIIAOIICTO KOHTPOJIA.
Pacmmmpenune npakTHKU OLEHKHU OMACHOCTH J1e()eKTOB TPYOOIIPOBOAOB 10 KPUTEPHSIM PUCKOB MTO3BOJIUT
YTOYHUTH Ha3HAYACMBbIC KOB(b(i)I/II_II/IeHTBI 3araca v HOBbICUTH JOCTOBECPHOCTL PaCUCTOB JOIIYCKACMbIX
pa3mepoB nedexToB. Onrcansl HandoIee MePCIeKTUBHBIE METOABI PEMOHTA TPYOOIIPOBOIOB, CpEAH
KOTOPBIX 0co00€e BHUMaHUE YACICHO METOAY pEMOHTa 00KUMHBIMH KOMIIO3UTHBIMHA My(i)TaMI/I,
o0ecrnieunBaroIeMy BO3MOKHOCTb IIPOBE/ICHUSI PEMOHTA HA JIEHCTBYIOLEM OOBEKTE B pEAIbHBIX
YCJIOBUAX SKCILTyaTalluH. [[aHHLIM METOAOM 00ecIIeunBaoTCs Ha,[[e)KHBIfI PEMOHT I[e(beKTOB OCHOBHOTI'O
MeTaJljla U CBapHBIX COEAMHEHUN TPYOOIIpOBO/a Ha BECh CPOK IKCILIyaTallui U BOCCTAHOBJIEHUE €T0
HOJ'IHOI.[CHHOI71 pa6OTOCHOCO6HOCTI/I, 4TO MOATBCPIKACHO PE3YyJIbTaTaMU anpo6auHH HpC,HHO)KeHHOP'I
TCXHOJIOTHHU PEMOHTA Ha PC€aJIbHOM 00BEKTE.

KiroueBble cjioBa: MOPCKOI MOABOAHBIN TPYOOIPOBO/I, HEPA3pyLIAIOIIUI KOHTPOIIb, 1e(eKT,
KpUTEpUI pHUCKa, PEMOHT TPyOOIIPOBOIOB, YCHIIMBAIOIIAasi KOMIIO3UTHAs MyTa
UDC 620.179:621.64
B.V. Gusev, M.Yu. Fedotov (Russian Academy of Engineering, Russia, Moscow);
V.V. Leshchenko, A.M. Lepikhin (NTTs NefteGazDiagnostika, Russia, Moscow);
N.A. Makhutov (Mechanical Engineering Research Institute of the Russian Acadrmy of Science,
Russia, Moscow);
O.N. Budadin (Central Research Institute for Special Machinery JSC, Russia, Khotkovo)
E-mail: fedotovmyu@gmail.com
Non-destructive testing of offshore underwater pipelines
and calculation substantiation of their safety according to risk criteria

The concept of assessing the risk of defects in offshore subsea pipelines according to risk criteria
is considered, taking into account the features of methods and means of non-destructive testing used in
practice. Expansion of the practice of assessing the danger of defects in pipelines according to risk
criteria will make it possible to clarify the assigned safety factors and increase the reliability of
calculations of the permissible sizes of defects. The most promising methods of pipeline repair are
described, among which special attention is paid to the method of repair using crimped composite
sleeves, which makes it possible to carry out repairs at an existing facility in real operating conditions. It
is shown that this method makes it possible to reliably repair most defects in the base metal and welded
joints of the pipeline for the entire service life and restore its full functionality, which is confirmed by the
results of testing the proposed repair technology on a real object.

Keywords: offshore subsea pipeline, non-destructive testing, defect, risk criterion, pipeline repair,
reinforcing composite sleeve
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TEXHOJIOT'USA U3I'OTOBJIEHUA
VIIK 67.08
B.A. Aepopos, 0-p mexn. nayk (Ilenzenckuii 2ocyoapcmeennblii mexHOoa02UYeCKUil yHugepcumem,
Poccus) E-mail: v_avrorov@bk.ru
O nepepadoTKe MCMOJIb30BAHHOI MJIACTUKOBOI YIIAKOBKHU

PaCCMOTpeHBI BOIIPOCHL Hepepa60TKI/1 HCIIOJIb30BAHHBIX IJIACTUKOBLIX YIIAKOBOYHBIX MATCPHUATIOB
H 0TXO0O0B ITPOU3BOJICTBA. Z[aHO OIMNMCaHNUE OCHOBHBIX onepaunﬁ O6pa6OTKI/I IUIACTUKOBBIX OTXOAO0B IIpU
MOJIYYCHHHU M3 HUX PA3JINYHBIX MATCPUAJIOB U BTOPUYHBIX TCXHUYCCKUX HSILCJIHfl. Hpe;:moxceHa
MalllMHHO-aIlIlapaTypHas cxeéMa MMOTOYHOH JTUHUH JUIA TOJTYUCHUA I'PAHYIIMPOBAHHBIX ITOJIMMCPHBIX
noiy(habpuKaToB.

KuroueBble ¢j10Ba: IMIACTHKOBEIE OTXO0Abl, TCXHOJIOI'UA U o60pyz[0BaH1/Ie JJIA O6pa6OTKI/I
O0TXO0O0B, IMOJIMMEPHBIC U3JCINA U3 OTXO10B
UDC 67.08
V.A. Avrorov (Penza State Technological University, Russia) E-mail: v_avrorov@bk.ru
About recycling of used plastic packaging

The article discusses the issues of further processing of used plastic packaging materials and
production waste. The description of the main operations of processing plastic waste in order to obtain
various materials and secondary technical products from them is given. A machine and hardware diagram
of a production line for the production of granular polymer semi-finished products used for the
production of finished products is given.

Keywords: plastic waste, technology and equipment for waste treatment, polymer products from
waste

YK 66.02:541.64(075)
O.10. Epenkos, 0-p mexu. nayk, /1.0. Asopckuit (Tuxookeanckuii 20cyoapcmeenHvlil yHugepcument,
2. Xabapoeck, Poccus) E-mail: erenkov@list.ru
MopaepHU3UpPOBaHHAA KOHCTPYKIMSA YCTPOHCTBA /I BTOPHUYHOM nepepadloTKHU MOJIMMEpPOB

[IpuBeneno onucanne MOACPHU3UPOBAHHOTO YCTPOUCTBA JUIsi BTOPUYHOM MepepadoTKu
MOJIMMEPOB € BO3BMOKHOCTBIO 06pa6OTKI/I BTOPUYHBLIX TTOJIMMEPOB (nepeMemaeMHx IMpeCcCyromum
HIHGKOM) HAaHOCCKYHAHBIMHU 3JICKTPOMArHMTHBIMH UMITYJIbCAMH, YTO IMO3BOJIACT CHU3UTH CTCIICHD
TepMI/I‘IeCKoﬁ ACCTPYKIOUHN BTOPUYIHBIX ITOJIUMEPOB U 00ecIIeYnTh BEICOKOE KaUeCTBO I/I3,Z[CJ'II/II>1 U3 HUX, a
TaK>Ke MOBBICUTH MTPOU3BOAUTEIHHOCTD MPOIECCa BTOPUUHON NIEPepadOTKH MOJIUMEPOB.

KuroueBnle ciioBa: MOJIMMEPHBIC OTXOAbI, BTOpUYHAA nepepa60TI<a, HpecconmI/Iﬁ ITHCK,
anexkTpoduznyeckas o0paboTKa, HAHOCEKYH/IHbIE 3JIEKTPOMAarHUTHBIE UMITYJIbChI
UDC 66.02:541.64(075)
O.Yu. Erenkov, D.O. Yavorskiy (Pacific National University, Khabarovsk, Russia)
E-mail: erenkov@list.ru
Modernized design of the polymer recycling unit

The article describes a modernized device for the recycling of polymers arranged to process
secondary polymers (moved by the screw) with nanosecond electromagnetic pulses, allowing to reduce
the degree of secondary polymers thermal degradation and will ensure the production of high-quality
final products of secondary processing.

Keywords: recycling, polymers, pressing feeder, electro physical processing, nanosecond
electromagnetic pulse
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Br100op HaubGoJiee IKOHOMUYHOTO THIIOPAa3Mepa MUKJIOHA
PaccMoTpensl METOIMKH BEIOOPA SKOHOMHYECKH ONTHMAILHOTO THIIOpa3Mepa IUKIOHA-
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MbUICYJIOBUTCIIA: BBIGOpa ONTUMAJIBHBIX TUIIA, JUAMCTPA U YUCJIa IUKIIOHOB. Hpe,Z[CTaBJIGHI:I PE3YyJIbTAThI
pacdeTa HanboJee PallMOHATBHBIX (TSI 3aJJaHHBIX YCIIOBUM OYMCTKH) TUIIOPA3MEPOB ITUKIOHOB, a TAKXKE
9KOHOMHYCCKUC U SHCPICTHUYCCKUC ITOTCPU IIPU ITPOU3BOJIBHOM BBI60pe THUIIA IIUKJIOHA 1 UCITIOJIb30BaHUN
YIPOIIEHHON METOJIUKH pacyeTa Mo PEKOMEHTyeMbIM (PMKCHPOBAHHBIM BETUYMHAM YCIIOBHON CKOPOCTH
raza. Ha ocHOBe TEXHUKO-PKOHOMHYECKUX pacyCTOB BBIIIOJHCH aHAJIN3 BBIHYCKaeMOﬁ HOMCHKIJIATYPhbI
HanboJiee pacpocTpaHEeHHBIX TUKIOHOB KOHCTpYKIn HUMOI'A3, oTMeueH psiji HeIOCTAIOINUX
BApPHUAHTOB TUIIOPA3MEPOB NUKJIIOHOB, IPUMCHCHUC KOTOPLIX ITO3BOJINIIO OBl CHU3UTH CTOUMOCTD
HI/IKJIOHHOP'I OYHCTKH T'a3a.

KuaroueBble cj10Ba: OUHCTKA rasa, HMKJIOH, CHUKCHHEC 3aTpaT HAa OYHUCTKY ra3a, 5KOHOMHUYCCKAA
3(PEKTUBHOCTD, SHEPTOCOEPEIKCHHUE.
UDC 621.928.37+621.928.93
V.V. Kuzmin (Belarusian State Technological University, Minsk) E-mail: bstu@list.ru
Selection of the most economical cyclone type and size

The issue of choosing the economically optimal diameter, number and type of cyclones is
considered. The results of calculation of the most profitable options for the given cleaning conditions, as
well as the economic and energy losses that may occur with an arbitrary choice of the type of cyclone and
the use of the simplified calculation method used today based on the recommended fixed values of the
conditional gas velocity, are presented. On the basis of technical and economic calculations, an analysis
was made of the manufactured range of the most common NIIOGAZ cyclones and noted a number of
missing options for standard sizes that would reduce the cost of cyclone gas purification.

Keywords: gas cleaning, cyclone, reducing costs of gas cleaning, economic efficiency, energy
saving
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AHHOTAIUM CTaTel KypHaIa « XUMHYeCcKoe U HepTerazopoe MAaIIMHOCTPOECHUE)
Ne 10-2022

HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATALIUA

IMPOOECCHI U OBOPYJOBAHHUE
XUMHYECKHUX U HE®TEI'A30BBIX TEXHOJIOT U

VK 66.041.45:536.33
0.10. Kynewoe, B.M. Ceoenkun, 0okmopa mexu. nayk, A.A. Osuunnukoe (Capamoeckuii
2ocyoapcmeennwlit mexuuyueckuu ynueepcumem um. I'acapuna FO.A., Poccus) E-mail: 0-yu-
kul@yandex.ru
YBeaunuenue PABHOMEPHOCTH TEIJIOMOABO/AA MO BHICOTC HUJTUHAPUIECCKUX prﬁ‘laTLIX neueii ¢
MOJOBBIMH IOpPEJIKaAaMHU IPH ABYXCTYIICHIATOM (l)aKe.]Ibl-IOM CXKUT'aHUU TOILJIMBA

[To pe3ynbTaramMm MaTeMaTHYECKOTO MOJICTUPOBAHUS BHEITHETO TEIJIO00OMEHA B LIUJIMHIPHUIECKOM
pr6an0171 I1€4H TUIIa I_[I[4 C IIOAOBBIMHU I'OPCJIKAaMHU U HCHTPAJIBbHBIM PACCCKATCICM-PACIIPCACIUTCIIEM
YCTAHOBJICHO, YTO B II€YaX JAHHOI'O TUIIa UBMCHCHHUEM ITIO30HHOI'0 IMOABOJA BTOPUYIHOT'O BO3AYyXa
BO3MOXHO N3MCHCHUC HpO(I)I/IJ'I}I BbII'OpaHUA TOIINIMBA U TCIIJIOBBIJICIICHUA B Q)aKene, YBCJINYCHHUC
PAaBHOMEPHOCTHU PACTIPCACICHUA IIJIOTHOCTHU TCIVIOBBIX ITOTOKOB I10 BBICOTC OKPAHHBIX pr6 u
COOTBECTCTBCHHO YIIYUIICHUC 3KCIUTYATAITMOHHBIX XaPAKTCPUCTHUK TICUH.

KuroueBble cjioBa: HUIMHAPUYECKUE TPyOUaThle M1€YH, I100BbIE FOPENKH, (PaKeIbHOE TOPEHNE,
IMO30HHBIH nmoaBoa BO3ayxa, CIIOKHBIN TeHJ’IOO6MeH, 9KpPaHbl, pPaABHOMCPHOCTD TCILJIOIIOABOIA
UDC 66.041.45:536.33
O.Yu. Kuleshov, V.M. Sedelkin, A.A. Ovchinnikov (Yuri Gagarin State Technical University of
Saratov, Russia) E-mail: o-yu-kul@yandex.ru
Increase of uniformity of the heat transfer along the height of cylindrical tubular furnaces with
bottom burners due to two-stage jet burning of fuel

The results of mathematical modeling of external heat transfer in a cylindrical tubular furnace of
the CD4 type with bottom burners and a central divider-distributor showed that in furnaces of this type,
by changing the position supply of secondary air, it is possible to change the profile of fuel burnout and
heat release in the flare and increase the uniformity of the distribution of heat flux density along the
height of the screen pipes and thereby improve the operational characteristics of the furnace.

Keywords: cylindrical tubular furnaces, bottom burners, torch flames, zoning air supply, complex
heat exchange, screens, uniformity of heat supply

YK 66.021.3/4
HU.H. Maoviues, kano. mexu. Hayk (Huscnexamckuil XumuKko-mexHo102uiecKuil uHCmunym,
Poccus); O.C. /Imumpuesa, kano. mexu. nayk, A.O. Masacoea, A.H. Huxonaes, 0-p mexn. nayk
(Kazanckuit nayuonanvHulii ucciedosamenbeKuil mexnonozuueckuil ynugepcumem, Poccus) E-mail:
ilnyr_91@mail.ru
OueHka TEXHOJIOTHYECKUX MApPaMeTPOB PadoThl 1MA0ATHYECKON PeKTH(PUKAIIMOHHONH KOJTOHHBI
NPHU Pa3JIHYHBIX CXeMaX MOAB0/Ia TEIIOHOCHTEJISI BO BCTPOCHHbIE HA CTYNeHsX JedierMmaTopsbl
[TpoBeneH cpaBHUTENBHBIN aHATN3 HECKOJIBKUX CXEM IMOBO/IA TEINIOHOCUTENS B eIerMaTopsl,
BCTPOEHHBIC B MHOTOCTYIIEHYATYIO TapeIbuaTyio KOJIOHHY quabatndeckoil pektudukanuu. B
3aBUCUMOCTH OT CXEMBI IMOJIBOJIA TETUIOHOCUTEIISI H3MEHSFOTCS TEIIJIOBBIC XapaKTEPUCTHKN KOJIOHHBI, YTO
cKka3bIBaeTcs Ha Y(h(PEeKTUBHOCTHU pa3ieNieHus. Y CTaHOBIICHO, yTO Hanbomnee 3 PpeKTUBHOM cXxeMon
MO/IBO/Ia TETIJIOHOCUTEISI BO BCTPOCHHBIE HA CTYMEHX Jie(pierMaTophl SIBISETCS MapajuieibHas CXeMa,
IIPH STOM TaK>Ke 00eCIIeunBaeTCss BO3MOKHOCTh PEryTHPOBAHUS pacxo/ia TeIJIOHOCUTENS Ha KaXI0i
Tapenke PeKTU(OUKAITMOHHON TrabaTHIecKoi KOoHHBI. OCHOBHOE COMPOTHUBIICHHE TEIUIONIEpe1aue
(6onee 74,2 % nuisa Bcex MCCIEAYEMBIX CXEM IMOBOA TEIJIOHOCUTENS) COCPEIOTOYCHO B TEILIOOTAaue OT
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KUJKOCTH, KOHICHCUPYIOIIEHCS Ha HAPYKHOU MOBEPXHOCTU TPYO nedermaropa.

KuroueBble ciioBa: quabatudeckas pektudukanus, nedaermaTop, TeIIOHOCUTENb, TeTJIOBas
MOIIIHOCTb, KO (DUIIUEHT TEIJIoNepeIau, TEPMUIECKOE COMTPOTUBIICHHE
UDC 66.021.3/4
I.N. Madyshev (Nizhnekamsk Chemical Technology Institute, Russia); O.S. Dmitrieva, A.O.
Mayasova, A.N. Nikolaev (Kazan National Research Technological University, Russia) E-mail:
ilnyr_91@mail.ru
Evaluation of the technological parameters of the operation of diabatic rectification column with
various schemes of heat transfer agent supply to the built-in reflux exchangers on the column
stages

In the course of the work, a comparative analysis of several schemes of coolant supply to the
reflux exchangers built into a multi-stage poppet diabatic rectification column was carried out. With
changes in the coolant supply scheme the thermal characteristics of the column change, which affects the
efficiency of separation. The conducted studies show that the most advantageous scheme for supplying
coolant to the built-in reflux exchangers on the stages is a parallel one, which, in addition, allows you to
regulate the flow of coolant on each stages of the diabatic rectification column. It is shown that the main
resistance to heat transfer (more than 74.2 % for all the studied coolant supply schemes) is concentrated
in the heat transfer from the liquid condensing on the outer surface of the pipes of the reflux exchanger.

Keywords: diabatic rectification, reflux exchanger, heat transfer agent, heat output, heat transfer
coefficient, heat resistance

YK 66.061.351
K.A. Mynnaoaes, C.K. Hypakosa, 0-p mexn. nayk (Y gumckuii 2ocyoapcmeennslit HepmaHoi
mexHuueckuii ynusepcumem, Poccus)
E-mail: kamil200995@gmail.com
OnrumMu3anys KOHCTPYKIMH NepepacnpeaeuTe/ el ;KUJAKOCTH B HACAI0UYHbIX IKCTPAKTOPax
MeETOAaMHUu CFD-anaausa na NMPpUMEPE KOJIOHHBI A€MEPKANITAHU3AIUHU CKUKCHHBIX
YIJI€BOAOPOAHBIX I'a30B

[Ipencrasien aropuT™ ONTUMH3ALUN KOHCTPYKTUBHBIX IAPaMETPOB NEPEPACIIPEAECITUTEIBHBIX
TapeJIOK I JUCIICPIrUPOBAHUA TSOKEI0U q)aSH B HACAJOYHOM 3KCTPAKTOPEC HAa ITPUMEPE KOJIOHHBI
JieMepKanTaHU3alu1 CKUKEHHBIX YTIE€BOJAOPOIHBIX ra30B. CoraacHo pa3pabOTaHHOW METOIUKE OLIEHKH
PaBHOMEPHOCTH paclpeieleHns NOTOKOoB (bazupytomieiics Ha pedynabTatax CFD-MonennpoBanus)
MOJIy4Y€H PsAJl COOTHOLIEHUI OCHOBHBIX KOHCTPYKTHUBHBIX Pa3MepOB, IPU KOTOPBIX 00ecreunBaeTcs
Hanujryqmee paciipeacjiCeHue CIUIOIIIHOMN U ,Z[PICHCpCHOfI (1)213 B 3a1IaHHBIX YCJIOBUSX.

Karouessble ciioBa: CFD-ananus, gemMepkantanu3aius, ONTHMHU3AINS, TIepepacipeeIuTeIbHas
Tapenka, pacnpenenenue norokoB, CYI', sxcTpakiimonHast KOJ0HHA, 3PHEKTUBHOCTD
UDC 66.061.351
K.A. Mullabaev, S.K. Churakova (Ufa State Petroleum Technological University, Russia) E-mail:
kamil200995@gmail.com
Optimization of the design of liquid redistributors in packed extractors by
CFD-analysis methods on the example of liquefied petroleum gas demercaptanization column

The article presents an algorithm for optimizing the design solutions of redistribution trays for
dispersing the heavy phase in a packed extractor using the example of liquefied petroleum gas
demercaptanization column. According to the method developed by us for assessing the uniformity of
flow distribution, based on the results of CFD modeling, a number of ratios of the main structural
dimensions were obtained, at which the best distribution of continuous and dispersed phases is achieved
under given conditions.

Keywords: CFD-analysis, demercaptanization, design, efficiency, extraction column, flow
distribution, LPG, optimization, redistribution plate

YK 621.928.37
B.O. Abaonckuil, kano. mexn. nayk (Bonzozpadckuii cocyoapcmeennslit mexnuyeckuil ynugepcument,

www.himnef.ru - caiit xxyprana «Xumuueckoe 1 Hedrerazosoe MammHOCTpoOCHHE,
www.intecheco.ru - caiit koHbepeHuui 11 MPeANPHATHIl YHEPreTUKH, METAIUTYPIHH, He(TEra30Boi 1 XUMHUYECKON OTpacieit


http://www.himnef.ru/
http://www.intecheco.ru/

*Hry,

&5 AHHOTALMH cTaTell KypHaja «XuMHYecKoe H He)Tera3oBoe MalImHOCTpoeHne» 3a 2022 r.

Poccus) E-mail: everest58@mail.ru
MoaenupoBaHue BIUAHUS KOHCTPYKTHBHBIX IAPaMeTPOB MUJIHHAPHUYECKOT0 TMIPOLUKJIIOHA HA
nmoKa3aTeJii OUYNCTKHU BASKOIIJIACTHYCCKHUX )KI/I)IKOCTeﬁ METOAOM (l).J'IOTaIII/II/I

Ha ocHoBe pa3paboTanHO# MaTEMaTHYECKON MOJIETTH OYHUCTKH KHIKOCTEH (C IpeaesioMm
TEKY4YECTH) B IMIMHIPUYECKOM THAPOLMKIOHE HATOPHOH (hIoTanueil MpoaHaIM3upOBaHO BIMSHHUE
mapamMeTpa KOHCTPYKIUH T'HJIPOLUKIOHA U (baKTopa pasaciICHUS IIPH PA3JIMYHbIX 3HAUYCHHAX YUCJIA
IUTACTUYHOCTH HAa OCTATOYHYIO KOHIIEHTPAIIMIO YacTHIl TBepAoH ¢a3bl. B pazpaboTanHon
MaTeMaTHIECKOH MOACIIN YUYUTBIBACTCA HeﬁCTBHe CHUJI UHCPLUU, KOpI/IOJ'II/Ica u HpHCOG,Z[HHGHHOﬁ MacCChbl
xunkoctn. Cucrema nudhepeHnnaibHBIX YpaBHEHUH B YaCTHBIX MPOU3BOAHBIX, OMUCHIBAIOMIAS IPOIIECC
HaIMopHOU (hIIOTAIMKU B IIEHTPOOEKHOM TI0JIe, CBEJICHA K CHCTeMe OOBIKHOBEHHBIX UG (epeHIInaTbHBIX
YPaBHEHMIA U pelIeHa YUCICHHBIM METOIOM. PaccunTano moJie KOHIEHTpAIMi YacTUll TBepIoi (asbl u
Omnpeacii€Ha oCraTouyHasd KOHICHTpalus.

KiaroueBble cj10Ba: BSI3KOINIACTHYECKAS KHUAKOCTh, IPEACT TCKYUYCCTHU, HAllOpHAad q)HOTaI_II/ISI,
HI/IJ’II/IHI[pI/I‘IeCKI/Iﬁ TUAPOLUHKIIOH, IMTAapaMCTpP KOHCTPYKIUHU, YUCJIO INIACTUIHOCTH, (1)aKTOp pa3aciIiCHusd,
IIOKa3aTcJib HGHHHGﬁHOCTI/I, OCTaTO4YHAasd KOHICHTpAIU.

UDC 621.928.37

V.0. Yablonskiy (Volgograd State Technical University, Russia)

E-mail: everest58@mail.ru

Modeling the influence of design parameters of a cylindrical hydrocyclone on the indicators of
flotation cleaning of viscoplastic liquids

On the basis of the developed mathematical model for the purification of liquids having a yield
point in a cylindrical hydrocyclone by pressure flotation, the influence of the design parameter of
hydrocyclone and the separation factor at different values of the plasticity number on the residual
concentration of solid phase particles was analyzed. The developed mathematical model takes into
account the action of inertia forces, Coriolis and the attached mass of the liquid. The system of partial
differential equations describing the process of pressure flotation in a centrifugal field is reduced to a
system of ordinary differential equations and solved numerically. The field of concentrations of solid
phase particles is calculated and the residual concentration is determined.

Keywords: viscoplastic fluid, yield strength, pressure flow, cylindrical hydrocyclone, design
parameter, plasticity number, separation factor, nonlinearity index, residual concentration

KPUOTI'EHHASA TEXHUKA. ITPOU3BOACTBO U TIPUMEHEHUE
IMPOMBIIIIVIEHHBIX I'A30B. BAKYYMHAS TEXHUKA

YK 665.725
C.IL. I'opoaueg, B.IO. Cemenos, ookmopa mexu. nayk (000 «I'asnpom BHUHI ' A3», n. Pazeunka
Mockoeckoit 0oa., Poccus); B.JI. Kapnos, 0-p mexn. nayx (®I'Yb BHUHHIIO, 2. banawuxa
Mockoeckoit 00n., Poccus); T.U. Kneoneee (AO HIIII «Kpuocepsucy, e. banawmuxa Mockoeckoii
oon., Poccus)
E-mail: sten37go@gmail.com
Pe3yabTaThl HCIBITAHNH HEM30TEPMUYECKOT0 KPHOTEeHHOI 0 BYX000/104€4HOI0 pe3epByapa AJsi
XpaHeHusi ¥ TpancnoprupoBanus CIIT
[Ipoun3BeneHa olieHKa BO3MOXXHOCTH IPUMEHEHUs pa3paboTaHHON PU3UKO-MaTeMaTHYECKOM
MOJIENIU JIJIsl pacueTa aBapuiHOro Mpolecca B KPHOT€HHOM JIBYX000JI0U€YHOM pe3epByape s XpaHEeHUs
U TpancnoptupoBanus MmasnioTonHaxHoro CIII'. Ilo pe3ynbTaTaMm HcnbITaHUN MakeTa ABYX000JI0UE€YHOrO
pe3epByapa Kak Ha *KHJIKOM a30Te (6€3 HU30JSI1HMU B MEXCTEeHHOM IpocTpaHcTse), Tak U Ha CIII (c
MOPOILKOBOM H30JISALIMEN B MEKCTEHHOM MTPOCTPAHCTBE) MOJITBEPKIEHA IOCTOBEPHOCTh IIPEIOKEHHON
METOMKH pacyeTa napaMeTpoB MEPEXOJHOr0 Mpoliecca B KPHOT€HHOM JIBYX000JI04€YHOM pe3epByape.
Kurouessble cioBa: CIII', kproreHHbIH pe3epByap, ABYX000JI04€UHBIN pe3epByap, UCIBITAHUS,
METOJMKA pacueTa
UDC 665.725
S.P. Gorbacheyv, V.Yu. Semenov (VNIIGaz, Moscow, Russia); V.L. Karpov (VNIIPO, Balashiha,
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Russia); T.1. Klebleev («Cryoservice», Balashiha, Russia) E-mail: sten37go@gmail.com
Test results of a non-isothermal cryogenic double-shell reservoir for LNG storage and
transportation

An assessment of the possibility of using the developed physical and mathematical model for
calculating an emergency process in a cryogenic double-shell tank for the storage and transportation of
small-scale LNG was made. The results of tests of a model of a double-shell tank both on liquid nitrogen
(in the absence of insulation in the annular space) and on LNG (the annular space is filled with powder
insulation) confirmed the reliability of the proposed method for calculating the parameters of the transient
process in a cryogenic double-shell tank.

Keywords: LNG, cryogenic tank, double-shell tank, testing, calculation method

YK 536.25
B.U. Pasxcckux, 0-p mexn. nayk, B.A. Cymun, kano. ¢pus.-mam. nayk (Boponescckuii
2ocyoapcmeennvtit mexuuueckui ynueepcumem, Poccus) E-mail: vi@mail.ru
AHnaans CBOﬁOL[HOKOHBeKTI/IBHLIX THAPOTEPMHUYECCKUX noJjieii B I[pﬂMoyl"OJILHOi/i KaBEpHeE Ipu
TCIVIOBBIX TPAHUYHBIX YCJIOBUAX BTOPOT0 poaa

Ha ocHoBanuu ypasHenuit O6epOeka — byccunecka copmynrpoBaHa 3a1a4a JBUKEHUS
HBIOTOHOBCKOM KUAKOCTHU B HpHMoyFOHbHOﬁ KaBCpHC B CTOKCOBCKOM I'MIPOANHAMUYICCKOM
npubmkennu. ChopMynupoBaHbl TEIUIOBas U TUApPOIMHAMUYecKas noj3angauu. [lpumMenenuem
HHTCIPpaJIbHBIX npeo6pa30BaHn171 CDypbe IMOJIYYCHO aHAJIUTUYCCKOC PCIICHNC ypaBHeHI/Iﬁ MOACIIHN C
TCIJIOBBIMHA I'PAHUYHBIMU YCIIOBUAMHA BTOPOIr'O poaa. B xauecTBe nmpuMepa rnmpoaHajin3upoBaHa JUHAMHKa
TUAPOTCPMUYCCKHUX noJjei IIpU XpaHCHUHU KUJKOI'0 a30Ta € y4€TOM HOCTYH&IOH.[CI‘/'I TCIIJIOTBI 4€PE3
CMOUYCHHYIO TOBCPXHOCTD.

KiroueBble cj10Ba: aHAJTUTHYECKOE peuiceHue, npsaMoyrojibHas KaBepHa, CBO6OI[HOKOHBCKTI/IBH06
TeyeHue, ypaBHeHus: Crokca
UDC 536.25
V.1. Ryazhskikh, V.A. Sumin (Voronezh State Technical University, Russia)
E-mail: vi@mail.ru
Analysis of free convective hydrothermal fields in a rectangular cavity under thermal boundary
conditions of the second kind

Based on the Oberbeck — Boussinesq equations, the problem of motion of a Newtonian fluid in a
rectangular cavity in the Stokes hydrodynamic approximation is formulated. Thermal and hydrodynamic
subtasks are formulated. Using integral Fourier transforms, an analytical solution of the model equations
with thermal boundary conditions of the second kind is obtained. As an example, the dynamics of
hydrothermal fields during storage of liquid nitrogen is analyzed, taking into account the incoming heat
through the wetted surface.

Keywords: analytical solution, rectangular cavity, free convective flow, Stokes equations

ABTOMATU3ALIUA PACYETOB U IPOEKTUPOBAHUSA

YK 004.9: 303.732.4: 628.16: 661.11
A.M. Beccapabos, 0-p mexn. nayk, B.E. Tpoxun, A.K. Ilonos, kanouoamut xum. nayx, A.C. Paoeykasn
(AO «Hayunwtit uenmp «Manomonnaxcnas xumusny», 2. Mockea, Poccus) E-mail: bessarabov@nc-
mtc.ru
CALS-npoeKkT annapaTypHoO-TEeXHOJIOTHYeCKOTro 0opMIIeHUsI MOAYJIbHOI CHCTEMbI BOAHOTO
X03AHCTBA NpeANpPUATHA

[IpoBeneH cHCTEMHBIN aHaTN3 00eCTIeYeHUS BOAHBIMU PeCypcaMu MPOMBIITUICHHOTO
npeanpustus. s npeanpuarus AO «9KOC-1» pazpaboTrana MHTETpUPOBAHHAS CUCTEMA BOJHOTO
X035HCTBA, BKITFOYAOIIAS BCE TEXHOJIOTHYECKUE M BCIIOMOTATEIbHBIC TIPOIECCHI, B KOTOPBIX
UCTIONB3YIOTCS BOJIHBIE pecypchl. CHCTEMa BKIIIOYAET annapaTypHO-TEXHOJIOTUYECKUE MOYJIIH:
000pPOTHOTO BOJIOCHAOKEHHUSI; TIOTYUYECHUSI 0OECCOJIEHHON BOJIBI; MTOTYUYEHUST BRICOKOYHCTOM BO/IBI;
reHepanuu napa, coopa u o0pabOTKH KOHJIEHCaTa; cOopa M 00padOTKH 3arpsI3SHEHHBIX BO; TOPSYETO
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BoJIocHaOeHus1. Pa3paboTka npoBezieHa ¢ MPUMEHEHHEM CUCTEMBI KOMIIbIOTepHOU nozepkku — CALS-
TEXHOJIOI' .

KuroueBble cj10Ba: CUCTEMHBIN aHaJIN3, BOJHBIEC PECYPCHI, amnmnapaTypHbie Moy, CALS-
TEXHOJIOI'HUA, 0c000 YUCTBIE BC€IICCTBA
UDC 004.9:303.732.4:628.16:661.11
A.M. Bessarabov, V.E. Trokhin, A.S. Radetskaya, A.K. Popov (R&D Centre ""Fine Chemicals™,
Moscow, Russia) E-mail: bessarabov@nc-mtc.ru
CALS-project of hardware and technological design of the modular water management system of
industrial enterprise

A systematic analysis of the problem of providing industrial enterprises with water resources has
been carried out. An integrated water management system has been developed for JSC ECOS-1. It covers
all technological and auxiliary processes in which water resources are used, and includes 6 hardware and
technological modules: recycling water supply; obtaining demineralized water; obtaining high-purity
water; steam generation, condensate collection and treatment; collection and treatment of polluted waters;
hot water supply. The development was carried out using a computer support system - CALS-technology.

Keywords: system analysis, water resources, hardware modules, CALS technology, highly pure
substances

YK 66-2; 532.517
H.C. Tpymnes, A.C. Cokonos, kanouoamul mexu. nHayk, U.A. byzoanuna (Mockosckuii
noaumexunuueckuu ynusepcumem, Poccus) E-mail: trutnev7@yandex.ru
KoMnbroTepHoe moeiMpoBaHue riIpOAMHAMAKY HEHTPOOEKHOI0 KPHOTPAHYISATOPA

IIpoBeneHO KOMIIBIOTEPHOE MOJEIMPOBAHNUE ITOTOKA MOJAEIBHOM KUIAKOCTH U )KUJIKOTO a30Ta B
I_IeHTpO6C>KHOM KpHUOI'PAHYJIATOPC. YcTaHoBlIeHA Xopomasa CXOoANUMOCTh PE3yJIbTATOB KOMIIBIOTCPHOT'O
MOJICJIMPOBAHUS Ha MOJCIIBHON KUIKOCTH (BOJI€) M HATYPHOTO IKCIIEPUMEHTA P MapaMeTpax MOICIIN:
SST k-®-moensb TypOyIEeHTHOCTH ¢ PABHOBECHBIMU TPUCTEHOYHBIMU (pyHKIMssMU Flow Vision.
OrpeziesieHo moJie CKOPOCTEH MOTOKA KUIKOTO a30Ta B 00bEME LIEHTPOOESIKHOTO KPUOTPAHYIISATOPA.

KiaroueBble c1oBa: KpI/IOXI/IMI/I‘leCKI/Iﬁ MCTOd, HAHOKPUCTAJIIMNYCCKUC ITOPOIIKH, 3aMOPA)KUBAHUC
pacTBopa, KOMIIBIOTEPHOE MOJEIUPOBAHNE, TAPAMETPBI MOJENH, HATYPHBIA SKCIIEPUMEHT
UDC 66-2; 532.517
N.S. Trutnev, A.S. Sokolov, I.A. Buzdalina (Moscow Polytechnic University, Russia) E-mail:
trutnev7@yandex.ru
Computer simulation of hydrodynamics of centrifugal cryogranulator

A computer simulation of the flow of a model liquid and liquid nitrogen in a centrifugal
cryogranulator was carried out. A good convergence of the results of computer modeling on a model
liquid (water) and a full-scale experiment with model parameters is shown: SST k—w-turbulence model
together with equilibrium wall FlowVision functions. The field of liquid nitrogen flow velocities in the
volume of the centrifugal cryogranulator is determined.

Keywords: cryochemical method, nanocrystalline powders, freezing of solution, computer

modeling, model parameters, field experiment

IMPOMBIIIIVIEHHA S OKOJIOI'UA

YK 662.62:662.75:662.94
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T'opwixoe (Hayuonanwvnwtit uccnedosamenvckuit Tomckuii nonumexnuueckuii ynugepcumem,

Poccus) E-mail: dim2003@tpu.ru

XapakTepuCTHKHN ropsiyero pacnblieHuss MHOTOKOMIIOHEHTHBIX BOIOYT0JIbHBIX TOILIUB
[IpencraBneHsl pe3ynbTaThl UCCIAEAOBAHUHN PACTIBIIICHUS MHOTOKOMITOHEHTHBIX BOJIOYTOJIBHBIX

CyCIEH3UM ropsiuuM BO31yXOM. B kauecTBe KOMIIOHEHTOB TOIIMBA UCIOIb30BAJIUCH YTOJb, BOJA,

ATaHOJI, MUPOTEHETUYECKAs! )KUJIKOCTh. ¥ CTAHOBJIEHO, YTO B CPABHEHUH C JIByXKOMITOHEHTHBIM

BOJIOYTOJIbHBIM TOILUIMBOM YTOJI PACKpPBITUS CTPYU yBenuuuBaercs Ha 14...25 %, 4To cyliecTBeHHO

www.himnef.ru - caiit xxyprana «Xumuueckoe 1 Hedrerazosoe MammHOCTpoOCHHE,
www.intecheco.ru - caiit koHbepeHuui 11 MPeANPHATHIl YHEPreTUKH, METAIUTYPIHH, He(TEra30Boi 1 XUMHUYECKON OTpacieit


http://www.himnef.ru/
http://www.intecheco.ru/

*Hry,
I oS ! AHHOTAIMM cTaTell KypHaja « XuMHYecKoe H HepTera3oBoe MalImHOCTPoOeHne» 3a 2022 r.

YBEIUYHUBACT 00BEM CTPYH U 30HY BocriaMeHeHus. CKOpOCTh Karesb B CTpye yBenuuuBaercst Ha 9...13
% mpu Harpee Bo3ayxa Ha 50 K, npu nanpHeiiiiem HarpeBe pocT CKOPOCTEH Kameib HeCyleCTBEHEH (He
6onee 4 %). PacnipuieHne BOIOYrOJIbHBIX CYCIIEH3UN FOPSYUM BO3JIyXOM I103BOJISIET CHU3UTh CPEIHUN
pa3Mep Karesnb B cTpye Ha 7...12 % B cpaBHEHUU C «XOJIOJHBIMY» pacibuieHueM (mpu 293 K).

KiaroueBble cjioBa: YroJjib, BOOOYI'OJibHAA CyCIICH3UA, TCPMUUICCKAA IMMOATOTOBKA, PACHIBIJIICHUC,
IMUPOTICHCTUYICCKAA KUIKOCTh, 9TAHOJI
UDC 662.62:662.75:662.94
D.V. Gvozdyakov, A.V. Zenkov, A.A. Matveeva, A.Zh. Kaltaev, A.S. Gorshkov (Tomsk Polytechnic
University, Russia) E-mail: dim2003@tpu.ru
Characteristics of hot spraying of multicomponent coal-water fuels

The results of studies of spraying multicomponent coal-water suspensions with hot air are
presented. Coal, water, ethanol and pyrogenetic liquid were used as fuel components. It was found that in
comparison with two-component coal-water fuel, the opening angle of the jet increases by 14...25%,
which significantly increases its volume and ignition zone. The velocity of droplets in the jet increases by
9...13 % when the air is heated by 50 K. With further heating, the growth of droplet velocities is
insignificant (no more than 4 %). It is proved that spraying the studied coal-water suspensions with hot
air reduces the average droplet size in the jet by 7...12 % compared to cold (293 K) spraying.

Keywords: coal, coal-water slurry, thermal preparation, spraying, pyrogenetic liquid, ethanol
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Koy puument 3ppekTnBHOCTH NbLIEYT0BUTEIsSI-KIaccuUKaTopa

Omnpenenen kodhduimeHT 3pPEeKTUBHOCTH anmapaToB I HEHTPOOCSIKHON cernapaiuy TBEPIbIX
Y4acTHI OT CIuTomrHOM (a3el. [IpoBeeHBI pacyeT U CpaBHUTENbHBIN aHaIu3 KodduimenTa
3P PEKTUBHOCTH VIS PA3ITUYHBIX CTYIEHEH MbUICYI0OBUTEN-KIIacCu(pUKaTopa, a TaKkKe JJIs IIepBOr
CTYIICHH OYMUCTKHU alIiapara I/IHepI_II/IOHHO-I_IeHTpO6e)KHOFO THIIA.

KiroueBble ¢JioBa: IEHTPOOCIKHAS cerapaliis, MbIICYI0OBHTEIb-KiIaccudukaTop, Gpaktop
paszieneHus, BpeMs ocaxaeHus, ko3 duuueHT 3¢ peKTUBHOCTH anmnapaTa
UDC 66.023
V.K. Leontiev, M.A. Yurovskaya, A.E. Lebedev (Yaroslavl State Technical University, Russia) E-mail:
leontievwwk@ystu.ru
Effectiveness coefficient of the dust collector-classifier

Effectiveness coefficient is obtained for apparatus performing centrifugal separation of solid
particles from continuous phase. Calculation and comparative analysis of effectiveness coefficient for
different stages of dust collector-classifier, as well as effectiveness coefficient of the first stage of
cleaning for the device of inertial centrifugal type was performed.

Keywords: centrifugal separation, dust collector-classifier, separation factor, deposition time,
effectiveness coefficient for apparatus
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YK 621.928.37+621.928.93
B.B. Ky3smun, kano. mexu. nayk (benopycckuii cocyoapcmeenniii mexnono2udeckuil yHugepcumem,
2. Munck) E-mail: bstu@list.ru
Pacyer 3k0OHOMMYECKH ONITHUMAJILHOI CKOPOCTH ra3a B IIUKJIOHE

[TonyyeHbl aHAMUTUYECKHE 3aBUCUMOCTH JUISl pacyeTa SJKOHOMUYECKU ONTHUMAJIBHOTO 3HAYSHUS
YCJIOBHOW CKOPOCTH Ta3a B IIUKJIOHE C YIETOM KaK TEXHUYECKHX, TAK U IKOHOMHYECKHUX ITapaMeTPOB,
BIIUSIONINX HA CTOUMOCTh OUMCTKH Ta3a. [IpeanoskeH crocod onpeaeneHrs ONTHMAIbHBIX JUaMeTpa
[IMKJIOHA ¥ YHCJIA IIUKJIIOHOB, COOTBETCTBYIONINX MUHUMAJIbHON CTOMMOCTH OYHMCTKH Ta3a C y4eTOM
TpeOyemoit 2 (HEeKTUBHOCTH MbUICYIaBIuBaHusA. Ha OCHOBE MONYyYeHHBIX 3aBUCHMOCTEHN YCTAaHOBIIEHO,
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YTO MPUMEHsEMbIe TIPU T0A00pe IIMKIOHA PEKOMEHTyeMble (PMKCUPOBAHHbBIC 3HAYCHUS YCIOBHOM
CKOpPOCTH Tra3a IJisd OOJIBIIIMHCTBA CJIy4acB 3aBLIIICHBI.

KiaroueBble cj10Ba: OUHCTKA rasa, nblJICYJIOBHUTCIIb, HUKJIOH, OIITUMAJIbHAsA CKOPOCTh ra3a B
OUKJIOHE, CHUKCHUEC CTOMMOCTH OYUCTKH I'ada, SKOHOMHYCCKas1 3(1)(1)6KTI/IBHOCTI>, aHeproc6epe>1<eHI/Ie
UDC 621.928.37+621.928.93
V.V. Kuzmin (Belarusian State Technological University, Minsk)

E-mail: bstu@list.ru
Calculation of economically optimal values of gas velocity in cyclones

Analytical dependencies are obtained to find the economically optimal value of the average gas
velocity in the cyclone, taking into account both technical and economic parameters that affect the cost of
gas purification. A method is proposed for determining the optimal cyclone diameter and the number of
cyclones corresponding to the minimum cost of gas purification, taking into account the required dust
collection efficiency. Based on the dependencies obtained, it is shown that the recommended fixed values
of the average gas velocity used today when selecting a cyclone are overestimated for most cases.

Keywords: gas cleaning, dust collector, cyclone, optimal gas velocity in a cyclone, reducing costs
of gas cleaning, economic efficiency, energy saving
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HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATALIUA

KPUOI'EHHASA TEXHUKA. ITIPONU3BOACTBO U TIPUMEHEHUE
INPOMBIIIVIEHHBIX I'A30B. BAKYYMHASA TEXHUKA

CGKHI/IH «O)uKeEHNE U pasacICHHUEC MPOMBIIIJICHHBIX I'a30B»

VIK 66.048.3
B.JI. Bonoapenko, 0-p mexn. nayx, M.IO. Kynpusanos, kano. mexu. Hayk,
A.U. Bepxoenwtii, A.I'. Kyyko, K.K. Cupoma (Mockoeckuii 2ocyoapcmeeHHblil mexHu4ecKuil
yuueepcumem umenu H.D. Baymana, Poccus)
E-mail: kutsko@bmstu.ru
CpaBHenne 3()eKTHBHOCTH PA3JIHYHBIX TUIIOB HACA0YHBIX 3JIEMEHTOB NPHU pa3e/iecHuU
HN30TOIIOB METOAOM peKTI/I(bI/IKaIII/II/I

[IpoBeneHo cpaBHEeHHE YPPEKTUBHOCTH pa3IeICHUs H30TOMOB METOIOM PEKTU(PHUKAIINU C
IMPUMCHCHHUC Pa3HbIX TUIIOB HACAJIOK. HpOBeILCH CpaBHI/ITeJII)HHﬁ AHAJIN3 SKCIICPUMCHTAJIBHBIX JaHHBIX
1o 3(1)(1)6KTI/IBHOCTI/I PasaciiCHuA U 3HA4YCHUI BBICOTHI CAUHUIBI IEPEHOCA, ITOJYUCHHBIX I10
smnupuyeckuM popmynaMm. ChopmynupoBaHbl peKOMEHJAIMH 110 BEIOOPY THIIA HACAIOUHBIX JIEMEHTOB
H PAaCYCTHBIX (1)OpMyJ'I 3(1)(1)CKTI/IBHOCTI/I pa3aciICHUA Ha HAYAJIbHBIX 3TallaX KOHCTPYUPOBAHUA KOJIOHH.

KiroueBble cjioBa: BRICOTA €IMHUIIBI IEPEHOCA, Pa3IeIEHUE U30TOIOB, peKTU(UKALHS,
Haca,[[O‘IHblﬁ JJIEMCHT
UDC 66.048.3
V.L. Bondarenko, M.Yu. Kupriyanov, A.l. Verkhovny, A.G. Kutsko, K.K. Sirota (Bauman Moscow
State Technical University, Russia)
E-mail: kutsko@bmstu.ru
Comparison of the efficiency of various types of packing elements for isotope separation by
rectification method

The article compares the efficiency of isotopes separation by rectification method using different
types of packings. A comparative analysis of experimental data and values obtained from an empirical
formulas based on the evaluation of efficiency. As a result of the work of these recommendations on the
choice of the type of packing elements and the calculation formula for the efficiency of separation
required for the initial calculations of the constructed column.

Keywords: height of a transfer unit, isotope separation, rectification, packing element
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CpaBHenne neoantoB NaX u NaA B kadecTBe aJcOpOCHTOB B 0J10KAX OYMCTKH YCTAHOBOK
noJjiyuyeHust yuctbix Kr u Xe

Uccnenosana spdextuBHOCT cuHTeTHUecKHX 11e0oanuToB NaA u NaX B kauecTBe afcopOEHTOB
JUTSL ICTTOJTB30BAaHUS B OJIOKaX KOMIUIEKCHON OYMCTKH YCTAHOBOK HU3KOTEMITEPATYPHOTO pa3IeiCHUS
KCEHOHCO/IepKaIiel cMecu. AJICOpOITMOHHAs EMKOCTh IIE0TUTOB 1o Kr onpeaeneHa mo JaHHBIM O
3armoTHeHUH afcopoepoB Kr B paMkax TEXHOJIOTHYECKOTO MPOIiecca MOArOTOBKH aJIcopOepoB,
azcopOILMOHHAs eMKOCTh aIcOpOEHTOB MO Xe OIleHEeHa 110 IaHHBIM Tpoliecca 3aMelieHus Xe u3 0Ioka
OYHCTKH. DKCIIEPUMEHTAIILHO MOTyIeHHBIe m30TepMbl ajicopormu Ny, Xe, CO, na neonmure NaA
COTIOCTABJICHHI C TUTEPATypHBIMU JaHHBIMU. [loyuyeHHBIE JaHHBIE MOT'YT OBITh TIOJIE3HBI IPU
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IUTAHUPOBAHHUU PETJIAMEHTHBIX M UCCIIE0BATENLCKUX padoT Ha ycTaHOBKe nosyueHnH Kr u Xe BhICOKOM
YUCTOTHI.

KiroueBbie cjioBa: ycranoBka pasnenenus: Kr-Xe cmecu, MOJyib OYUCTKH, aacopOep, IIEONTUTHI
NaX u NaA, ancopOuroHHass eMKOCTh
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M.Yu. Kupriyanov, A.l. Verkhovny, V.D. Kononova, A.S. Miroshkin (Bauman Moscow State
Technical University, Russia) E-mail: amiroshkins@gmail.com
Comparison of NaX and NaA zeolites as adsorbents in purification units of pure Kr and Xe
production plants

Efficiency of synthetic zeolites NaA and NaX as adsorbents used in complex purification units of
low-temperature rectification plants for the separation of a xenon-containing mixture was studied. The
adsorption capacity of zeolites for Kr was estimated from experimental data on the filling of Kr adsorbers
as part of the technological process of preparing adsorbers for research. The adsorption capacity of Xe
was evaluated by considering the technological process of replacing Xe from the purification unit. The
experimentally obtained adsorption capacity of NaA zeolite for N, Xe, CO, was compared with the
literature data. The data obtained may be useful in planning routine and research work on a high purity Kr
and Xe production plant.

Keywords: Kr-Xe mixture separation unit, purification module, adsorber, zeolites NaX
and NaA, adsorption eMKoCTb
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Kyuko, K.K. Cupoma (Mockoeckuit 2zocyoapcmeenHblii mexHuieckuii ynugepcumem umenu H.D.
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Biausinue reOMETpUHYECCKUX MapaMeTpoB HOpHCTOﬁ Cpeabl Ha paﬁoTy 3HTp0HHﬁHOFO (bl/l.]'[pra IJIA
CBEePXTEKyYero ‘He

D dexTuBHOE UCITOIE30BAHNE CBEPXTEKYIETO *He B KPUOTEHHBIX TEINIOMAaCCOOOMEHHBIX
alIaparax BO3MOKHO C IPUMCHCHUEM 3HTpOHHﬁHOFO (1)I/IJ'ILTpa, OCHOBAaHHOI'O Ha CO3JaHHH JIOKAJIBHOI'O
THJIPABIMYECKOTO COIMPOTUBIICHUS, PEOJIOJICHUE KOTOPOT'O BO3MOYKHO TOJIBKO IPHU CBEPXTEKyUeH (ase ¢
Io4THu HyneBofI BA3KOCTBIO. HpI/I 9TOM pPa3aCIIAIIOTCA IBEC q)aSH CBEPXTCKYUCTO 4He C IMoCJICAYrOIUM
HUCIIOJIB30BAHUEM OI[HOﬁ n3 HuX. B kauecTBe THUAPABINYCCKOro COMMPOTUBIICHUA MOT'YT OBITH MHKpOLICIA,
APOCCCIIN, IOPUCTBIC TECJIA. B pa60Te AHATIU3UPYCTCA BIIUMAHUC TCOMCTPHUICCKUX IMApaMCTPOB HOpHCTOﬁ
cpenbl (MOPUCTOCTH M pa3Mepa Mop) Ha PEKUMBI MPOTEKAHUSI Y€pPe3 HEe CBEPXTEKYUETO “He. OreHeHbl
AUaIna3oHbl CTAUOHAPHBIX U IICPEXOJHBIX PEKUMOB IJIF ITOTOKA CBEPXTCKYUCTO KOMIIOHCHTA Y€pPE3
SHTPONUIHBIN QUIBTP.

KuroueBble ¢J10Ba: CBEPXTEKYUHi *He, HOpHCTask Cpesia, SHTPONUMHBIN PUIABTP, TOKPUTHUECKHI
PEeXUM, 3aKPUTHYECKUHN PEKUM
UDC 536.483:538.941
V.L. Bondarenko, M.Yu. Kupriyanov, A.l. Verkhovny, A.G. Kutsko, K.K. Sirota (Bauman Moscow
State Technical University, Russia) E-mail: sirota@bmstu.ru
Influence of porous medium geometric parameters on the superfluid *He entropy filter operation

Efficient use of superfluid *He in cryogenic heat and mass transfer apparatus is possible due to the
use of the entropy filter based on the creation of local hydraulic resistance, which can be effectively
passed only by a superfluid phase with almost zero viscosity. Thus, two phases of superfluid “He are
separated, followed using one of them. Microslits, chokes, porous bodies can act as hydraulic resistance.
The article analyzes the influence of the geometric parameters of porous media — porosity and pore size —
on the flow regimes of superfluid *He through it. The ranges of stationary and transient regimes are
estimated for the flow of a superfluid component through an entropy filter.

Keywords: superfluid “He, porous media, entropy filter, subcritical regime, supercritical regime
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Cexuus «Kprodusnka, KpuoreHHast TEXHUKa

YK 621.59.004.032.26
H.A. Jlagpos, 0-p mexh. nayk, C.H. Xyuyueea (Mockoeckuii 20cyoapcmeentblit mexHu4ecKui
yuueepcumem umenu H.3. baymana, Poccusn);
B.A. Mananun M, . ogcxuii 2ocyoapemeennsiii cmpoumenshuiii ynusepcumem, Poccus) E-mail:
lavrovna@bmstu.ru
HpnMeHe}me HeﬁPOHHLIX cereit AJIA JTHHAMAYECKOIro Moae/JiIMpoBaHusA TEeIJIOOOMEHHOI'0 almnaparta

I/ICCJ'IGI[OBaHO IIPUMEHCHUEC HeﬁpOHHOI;'I CETHU JI1 BBIYMCJICHU S 3HAYECHUI TEMIICPATYP IIOTOKOB
JUHAMUYECKOTO PeXHUMa JIBYXITOTOUYHOTO MPOTHBOTOYHOTO TEII000MEHHOTO amnmnapara. [TonoOpana
OIITUMAJIbHasA apXUTCKTypa HeﬁpOHHOﬁ CCTHU 1A 3ala4i JTUHAMHUYCCKOI0 MOACIMPOBAHUA
TGHHOO6M€HHOF0 alrrapara, 1moJiyd€Hbl OIITUMAJIbHBIC 3HAYCHU A YK CJIa HCprOHOB M 4yHcJjia CJIIOCB B
HEHPOHHOU CETH JUIsl MUHUMHU3AIMHN CPEIHEKBAAPATUYHON OIMUOKH.

KiroueBblie cjioBa: TeIUI000MEHHBIE annapaThl, HEHPOHHBIE CETH, TUHAMUYECKUE PEKIMBI
UDC 621.59.004.032.26
N.4. Lavrov, S.I. Khutsieva (Bauman Moscow State Technical University, Russia);
V.A. Shananin (Moscow State University of Civil Engineering, Russia)
E-mail: lavrovna@bmstu.ru
Application of neural networks for simulation of heat exchanger dynamics

The paper presents the use of a neural network to calculate the double-flow counterflow heat
exchanger flow temperatures values of the dynamic mode. The optimal architecture of the neural network
for the problem of heat exchanger dynamic modeling was selected and the optimal values for the number
of neurons and the number of layers in the neural network were obtained to achieve the minimum mean
square error.

Keywords: heat exchangers, neural networks, dynamic modes

YK 621.59

H.E. Illuwosa, kano. opuo. nayk, H.A. Apxapoes, E.C. Hasacapoan, 0ookmopa mexn. nayk, C.A.
Tokapes (Mockoeckuii cocyoapcmeennblil mexnuueckuil ynusepcumem umenu H.D. baymana,
Poccua) E-mail: nshishova@bmstu.ru

AHau3 pado4nX HUKJIOB MUKPOKPHOTeHHbBIX IA30BbIX MALIMH € MO3UIUIA MAKCUMHU3ALHA
PeCypPCHBIX XapaKTePUCTUK

Ha craguu npoekTupoBaHus WK COBEPIIEHCTBOBAHUS MOAEIN MUKPOKPHOTE€HHOM ra30Boi
maruabl (MKI'M) ocymiectBisiercst moadop pabodero mMuKia ¥ COOTBETCTBYIOIIETO MY
KOHCTPYKTHUBHOTO HCIIOJTHEHUS yCTpoiicTBa. J[aHHBII BBIOOpP 00YCIOBIIEH KOMIUIEKCOM TEXHHUECKUX
napameTpoB U TPEOOBaHUH, MPEIBABISIEMBIX KaK K MaIlIMHE, YCJIOBUSIM €€ paboThl, TaK U K 00BEKTY
oxnaxaeHus. [Iposenen ananus padounx mukioB MKI'M, peanusyromux mukisl Ctupnunra, Conbes,
I'updpopna — MakMarona, Bronembe 1 ux moaudukanuu. Llenu uccnenoBanus: onpeaeneHrne cnocooon
MOBBIIICHHS TEPMOIUHAMUYECKON 3((HEKTUBHOCTH MAIIMHBI HA CTa/IMU IPOEKTUPOBAHUS WITH
COBEPIIICHCTBOBAHUS MOJICIIU MTyTEM MOJIEPHU3AINH pad0yvero MUKJa; Mo 100p KOMIIOHOBOYHON CXEMBI C
MpeBapUTENHLHOM OIEHKOM cpoKa cIy>KObI OT/ICIBHBIX SJIEMEHTOB U y3JI0B, OCHOBAaHHON Ha
AKCTIIEPUMEHTAIBHBIX IAHHBIX OTEUECTBEHHBIX M MHOCTPAHHBIX KOMITAHUA. ABTOPBI HAJICIOTCSI, YTO
TaHHBIA aHAJIU3 MMO3BOJIMT Ha CTaIuu poekTupoBanus HoBoii MKI'™M BbIOpaTh Hanbosee moaxosIHii
pabouunii UK MO 33JJaHHBIEC MTApaMeTPhl U TPEOYEMBIN pecypc, a B ClIydae COBEpPIICHCTBOBAHUS
YCTPOMCTBA — ONPEAEIUTh BOZMOXKHBIE MYTH YIYUIICHHS €r0 TEPMOJUHAMUYECKUX XapaKTEPUCTHK,
MOBBIIICHHS CPOKA CITY>KOBI TOJT 33/TaHHBIE TEXHUYECKHE TPEOOBaHUS.

KuroueBble cjioBa: MUKpOKpUOTeHHas ra3oBas mamuHa (MKI'M), cteneds TepMoIMHAMUYECKON
s¢dextuBHOCTH, MK Ctupnunra, uuki Conbses, uuki ['ndpdopna — MakMarona, uuki Bronemse,
pecypce
UDC 621.59
N.E. Shishova, I.A. Arkharov, E.S. Navasardyan, S.A. Tokarev (Bauman Moscow State Technical
University, Russia) E-mail: nshishova@bmstu.ru
Analysis of operating cycles of microcryocoolers from the standpoint of lifetime maximization
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At the design stage of a new model or improvement of an existing microcryocooler, engineers
select the operating cycle and the corresponding design of the future device. This choice is due to a set of
technical parameters and requirements for both the machine itself, its operation conditions and the object
of cooling. The paper analyzes the operating cycles of microcryocoolers that implement the Stirling,
Solvay, Gifford — McMahon, Vuillemier cycles and their modifications. Research objectives: to
determine ways to improve the thermodynamic efficiency of the future machine at the stage of design or
improvement of the existing model through modernization of the operating cycle; selection of the layout
scheme with a preliminary assessment of the service life of individual elements and assemblies, based on
experimental data of domestic and foreign companies. The authors hope that this analysis will make it
possible at the design stage to select the most suitable operating cycle for the given parameters and
required lifetime, and when improving the existing device, to determine the possible ways of improving
its thermodynamic characteristics, increasing the lifetime for the given technical requirements.

Keywords: microcryocooler, Stirling cycle, Solvay cycle, Gifford — McMahon cycle, Vuillemier
cycle, lifetime

YK 620.93
E.A. Kyboankosa, H.A. Apxapoe, 0-p mexH. Hayk (MockosécKuii 20cyoapcmeeHHblil mexXHUYeCKuil
yuueepcumem umenu H.D. baymana, Poccus)
E-mail: ea.kub@bk.ru
0030p cucTeM aKKYMYJIMPOBAHUS JHEPTUH

[TpoBenen anann3 0COOEHHOCTEH MPUMEHSIEMBIX CHCTEM aKKyMYJIMPOBAHUS SHEPTHH, ClIETaHbI
BBIBOJbI O JOCTOMHCTBAX U HCAOCTATKAX Pa3JIMYHBIX CUCTCM.

KiaroueBble cjioBa: CHCTEMBI XpaHCHU OHCPIruu, BO300HOBIIIEMAs OHCPICTUKA, HAKOITUTCIIN
QJICKTPOSHCPIUH, aHAJIU3 CUCTCM XPAHCHHA OHCPIun
UDC 620.93
E.A. Kubankova, I.A. Arkharov (Bauman Moscow State Technical University, Russia) E-mail:
ea.kub@bk.ru
Review of energy storage systems

In this paper the features of the most popular energy storage systems were analyzed, conclusions
were made about advantages and disadvantages of different systems.

Key words: energy storage systems, renewable energy, energy storage systems,
analysis of energy storage systems

IMPOLECCHI 1 OBOPYIOBAHHUE
XUMHUYECKHUX U HE®TEIT'A30BBIX TEXHOJIOT U

Ceknus «XonoauabHas TEXHUKA U KOHIULIUOHUPOBAHUE
YK 697.95:536.75
M.H. 3006n06 (000 «H-CH-C KOHCY/IbTAHT», 2. Mockea, Poccusn);
H.A. /laspos, 0-p mexn. nayx, B.B. Illuwiog, kano. mexu. nayx (MockoscKuii 2ocyoapcmeennulii
mexnuyueckuii ynusepcumem umenu H.3. Baymana, Poccus)
E-mail: zdobnov._m@mail.ru

JHTPONMIIHBIH AHAJIU3 NOTEPb JHEPTHH B TENJIOOOMEHHBIX CEKIUSIX U B CEKLIMU CMeIlIeHUsI
LHEHTPAJbHOI0 KOHAMIIHOHEepa

[IpoBeneH SHTPONUIHBIN aHaIN3 TOTEPh SHEPTUN B CEKIUAX LIEHTPAIILHOTO KOHIUIIMOHEPA.
[IpencraBnena MeroaMKa ONpeneIeHHs IOTEPh ¢ IPUMEHEHNEM SHTPONMHHOT0 Metoza. I1o pesynbraram
3aMepoB TEMIIEPaTypPhl U BIAKHOCTU HAPYKHOTO U PELUPKYJIALUOHHOTO BO3IyXa MPOU3BEJEH pacyeT
NOTEPh IPU CMEIIEHNN BO3AYLIHBIX IOTOKOB, OXJIAXKIEHUU BO3AYyXa B CEKIIMU UCTIAPUTENS U ITPU
HarpeBe B CEKIMU KOHAeHcaTopa. [IpoBeieH cpaBHUTENbHBIN aHaIN3 TOJYyYEeHHBIX Pe3yIbTaToB,
IIPEJICTaBJIEHbI IUarpaMMbl PACIIPEIEICHNs COCTABIISAIOIINX TOTEPh U ONPEAEIEHBI OCHOBHBIE ITOAXO0/IbI
YMEHbILIEHUS IOTEPD.

KitroueBble cj10Ba: EHTPAIBHBIN KOHIUIIMOHED, CEKLIHS CMEIIEHUS, NCIIAPUTEb U KOHJAEHCATOP

www.himnef.ru - caiit xxyprana «Xumuueckoe 1 Hedrerazosoe MammHOCTpoOCHHE,
www.intecheco.ru - caiit koHbepeHuui 11 MPeANPHATHIl YHEPreTUKH, METAIUTYPIHH, He(TEra30Boi 1 XUMHUYECKON OTpacieit


http://www.himnef.ru/
http://www.intecheco.ru/

*Hry,
I oS ! AHHOTAIMM cTaTell KypHaja « XuMHYecKoe H HepTera3oBoe MalImHOCTPoOeHne» 3a 2022 r.

MapOKOMIIPECCUOHHOM XOJIOAUIIbHON MAILIMHBI, paCX0J BO3/1yXa, HAPYKHbBIM BO3yX, BBITSDKHON BO3/YX,
PEUMPKYISIIUOHHBIA BO3AYX, TOTEPH, SHTPOMUNHBIN aHAIN3
UDC 697.95:536.75
M.1. Zdobnov (""ACES CONSULTING™ LLC, Moscow, Russia); N.A. Lavrov, V.V. Shishov (Bauman
Moscow State Technical University, Russia) E-mail: zdonov_m@mail.ru
Entropy analysis of energy losses in heat exchange sections and in mixing sections of a central air
conditioner

The article presents an entropy analysis of losses in sections of a central air conditioner. The
methodology for determining losses using the entropy analysis is presented in the work. The temperature
and humidity of the outdoor and recirculating air were measured and losses due to mixing of air flows,
cooling in the evaporator section and heating in the condenser section were calculated. A comparative
analysis of the results is carried out and the distribution diagrams of the component losses are presented.
Proposed conclusions regarding the way to reduce losses.

Keywords: central air conditioning, mixing section, evaporator and condenser of a steam
compression refrigerating machine, air flow, outdoor air, exhaust air, recirculation air, losses, entropy
analysis

YK 621.56/.59

B.C. Huxonaee, U.B. Tuwenko, kano. mexu. nayk (Mockoeckuii 2ocyoapcmeeHHblil mexXHu4ecKuil
yuueepcumem umenu H.D. Baymana, Poccus; ITAO HIIO «Haykay, 2. Mockea, Poccus) E-mail:
vs.nikolaev.omstu@gmail.com

MopeanpoBaHue BO3/1eiiCTBUSI BHEIIHUX MeXaHN4YeCKUX (paKTOpOB Ha TypOoarperar
Tpchr[OpTHOﬁ CUCTEMBbI KOHINMIHOHUPOBAHUSA BO3yXa C JIeNMeCTKOBBIMH I'a30JHHAMHUYECCKHUMU
NOJIIMITHUKAMHU

HpeI[CTaBHeHa HeJIMHelHas JUHAMHU4YCCKass MaTCMaTHU4YCCKass MOACJIb TNHAMUKHN JKECTKOTO
poOTOpa Ha JICIICCTKOBBLIX I'a30 AMHAMUWYCCKHUX ITOAIIUITHUKAX C ynpyro-ﬂe(bopMI/IpyeMoﬁ IMOBCPXHOCTBIO
JICIIECTKA. MOI[CJII) IIO3BOJIACT UCCIICA0BATH BJIIMAHUEC BHCIITHCTO MECXAaHNYCCKOI'O BO3IIGI710TBI/I$I, TakKkoro
KaK CMHYyCOHUJJaJIbHasA BI/I6paLII/I}I 501041 cnyqaﬁHaﬂ IIUPOKOITIOJIOCHAA BI/I6paI_[I/I}I, Ha JUHaMHUKY pOTOpa B
TaknxX cucreMax. IlokazaHo Xopomee COOTBETCTBUC PE3YJIbTATOB MOJACIIMPOBAHUSA C
OKCIICPUMCHTAJIbHBIMHA JJTAHHBIMU.

KiaroueBble cJ10Ba: JIEIECTKOBEIE ra3zoguHaMHUYCCKUC ITOAIINITHUKH, Typ60Mau11/1Ha,
KOHAWIIUOHUPOBAHUEC, TPAHCIIOPTHBIC CUCTEMbI, MOACIIMPOBAHUC, BI/I6paI_[I/I}I, CJ'IyLIaI\/'IHaH BI/I6paI_[I/I}I,
BUOPOYCTONYHUBOCTH
UDC 621.56/.59
V.S. Nikolaev, 1.V. Tishchenko (Bauman Moscow State Technical University, Russia; PJSC NPO
“Nauka”, Russia) E-mail: vs.nikolaev.omstu@gmail.com
Modeling of influence of external mechanical factors on the turbine unit of air cooling transport
system with gas foil bearings

An integrated nonlinear dynamic model of rigid shaft motion, unsteady gas film, and
deformations of foil structure is established to investigate the impact of external mechanical factors such
as sinusoidal and wide range random vibration of the rotor. Model was verified by own experimental
data. Good agreement is shown between the prediction and test data.

Keywords: transport environmental control system, air cycle machine, gas foil bearings,
turbomachinery, mechanical factors

YK 621.565.945.3; 66.045.129.2
B.A. lHopmanuxun, B.B. Illuwos, kano. mexu. nayk (Mockoeckuii 2ocyoapcmeentvlii mexHuuecKuil
yuueepcumem umenu H.3. Baymana, Poccus)
E-mail: v.portyanikhin@ya.ru
Ananranus meroga e-NTU k pacuéram Bo3ayxooxisiaauresieil B yC10BHSIX BJIArOBbINAIeHHA HIH
HHeeBbINAaAeHUsA

Pazpabotan MeTon pacy€ToB BO3IyX00XJIaIuTeNel, paboTaloumx B «CyXxoM» pexxume (6e3
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BJIarOBbIITaACHHUSA UJIN I/IHCCBLIHaIIeHI/IH), «MOKPOM» PCIKUMC (C BJIaroBbIITIAACHUEM UJIN MHCCBBIIIAACHUEM
Ha BCEW MOBEPXHOCTH) WIIM KOMOMHUPOBAHHOM PEXHUME (C BJIArOBBINAICHHUEM HJIM NHEEBBITIaICHUEM Ha
qacTu HOBerHOCTI/I), C BOBMOKHOCTBIO MIPUMCHCHUA IJIA IPOTUBOTOYHBIX U MIPAMOTOYHBIX
BO3JIyX0oXJIaauTenei 6e3 ¢pa3zoBoro rnepexo/ia oOXaax/aaroIie cpeasl u ¢ €€ (ha3oBbeIM repexoiom. [pu
CpaBHCHHU C METOAOM IMOCETMCHTHOI'O pa36I/IeHI/IH TEINIO0OMEHHOTO arnrmaparta yCTaHOBJICHA XOpolasd
CXOOUMOCTB PE3YIbTATOB paCLIéTOB I[P MHOT'OKPATHOM COKpPAII€HHUHU UX MPOAOJIKUTECIIBHOCTH.

KuroueBble cjioBa: TEII000MEH, MaCCOOOMEH, BO3yXO0XJIAAUTENH, TPyOUaTo-peOpHcThIe
TEII000MEHHbBIE arrmaparbl, OXJIAXKACHUEC BIIAXXHOI'O BO31yXa, BJIaroBbIIIaACHUC, HHECBBINIAACHUE, METOQ
apdpexTuBHOCTH-NTU
UDC 621.565.945.3; 66.045.129.2
V.A. Portyanikhin, V.V. Shishov (Bauman Moscow State Technical University, Moscow, Russia) E-
mail: v.portyanikhin@ya.ru
Adaptation of the e-NTU method to the calculation of air coolers in dehumidification or frost
conditions

A calculation method has been developed applicable to air coolers operating in «dry» mode
(without dehumidification or frosting), «wet» mode (with dehumidification or frosting on the entire
surface) or combined mode (with dehumidification or frosting on part of the surface) for counterflow and
parallel-flow air coolers without phase transition of the cooling fluid and with its phase transition.
Comparison with the method of segmented division of the heat exchanger showed good convergence of
the calculation results with a multiple reduction in their execution time.

Keywords: heat transfer, mass transfer, air coolers, fin-and-tube heat exchangers, cooling of
humid air, dehumidifying conditions, frost conditions, efficiency-NTU method

YK 532.135, 532.5, 621.65.05

M.JI I'aakun, 0-p mexn. nHayk (MockoecKuil 20cyoapcmeeHHblil meXHUYEeCKUIl YHUGepCumen umeHu
H.3. Baymana, Poccus). E-mail: galkinml@bmstu.ru

MarsurocTpuKIMOHHbIE AHTUH(PHU3BI

I/ICCJIe,HOBaHa 3(1)(1)6KTI/IBHOCTL Term1ooOMeHa IMOTOKa aHTI/ICI)pI/IBa C MArHUTOCTPUKIIHNOHHBIM
HHTCPMCTAIUVIMYCCKUM CINIaBOM JJIA IIPUMCHCHHA B KaUCCTBC pa6oqer0 BEIICCTBA XOJIOI[PIJIBHOfI
cucreMnbl. B xkauecTBe I[BI/I)KYH_ICI‘/’I CHJIbl MAarHUTOCTPUKIIUOHHOTO XJIAJOHOCUTECIISA TPUMCHCHO
JUHAMHYECKOe IByMEpHOE TpaJIMEHTHOE MarHUTHOE 1oJe. PerynupoBanue U ynpasiieHue 00bEMHBIM
pacxoaoM XJIaAOHOCUTEIIA pC€aIn30BaHO I/IH,Z[YKL[I/Ieﬁ AUHaAMHUYCCKOI'0 MAaroHuTHOT'O IIOJIS IPU U3SMCHCHUU
OpHUCHTAIU 1 pasMEpa JUCIICPTUPOBAHHBIX B XJIAJJOHOCUTECIIC IIJIOCKUX YaCTHUI] CILJIaBa.

Knrouesnie cnoasa. aHTI/I(1)pI/I3, XJIAAOHOCUTCIIb, TCIINIOHOCUTECIIb, MATHUTOCTPUKIUS, MAIrHUTHBIC
CBOMCTBA, IUPKYJISIIHS, pEOTOoTHs, YHEProdh(HEKTUBHOCTD, TEIUIONEpeaada, TEMI000MEH,
3Heproc6epe>KeHHe, JAUMHAMHUYCCKOC MAariuTHOC I10J1€, CKa4YCK IIJIOTHOCTHU
UDC 532.135, 532.5, 621.65.05
M.L. Galkin (Bauman Moscow State Technical University, Russia). E-mail: galkinml@bmstu.ru
Magnetostrictive antifreezes

The heat exchange efficiency of the flow of antifreeze used as the working substance of the
refrigeration system filled with magnetostrictive intermetallic alloy was investigated. A dynamic two-
dimensional gradient magnetic field was used as a driving force of the magnetostrictive coolant.
Regulation and control of the volume flow rate of the coolant was realized through induction of the
dynamic magnetic field by changing the orientation and size of flake-shaped particles dispersed in the
coolant.

Keywords: antifreeze, coolant, coolant, magnetostriction, magnetic properties, circulation,
rheology, energy efficiency, heat transfer, heat exchange, energy saving, dynamic magnetic field, density
jump
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AHHOTAIUM CTaTel KypHaIa « XUMHYeCcKoe U HepTerazopoe MAaIIMHOCTPOECHUE)
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HNCCIEJOBAHUSA. KOHCTPYUPOBAHMUE.
PACYETDI. OIIBIT OKCIIVIYATALIUA

KPUOI'EHHASA TEXHUKA. ITIPONU3BOACTBO U TIPUMEHEHUE
INPOMBIIIVIEHHBIX I'A30B. BAKYYMHASA TEXHUKA

CGKHI/IH «O)uKeEHNE U pasacICHUC ITPOMBIIIIJICHHBIX I'a30B»

YK 536.27
A.U. Cmopooun, 0-p mexn. nayx, T.U. Mypawikuna, kano. mexn. nayk (Mockoeckuii
2ocyoapcmeennstii mexuuueckuii ynueepcumem umenu H.J. baymana, Poccus);
AJL Illyakos, kano. mexn. nayk, E.E. Illyakoea (000 «Kpuomawi-b3KM)», o. banawuxa
Mockoeckout 0oa., Poccusa) E-mail: smorodin38@rambler.ru
HUccaenoBanue npouecca noJuTepMUYECKO OPTO-NIAPAKOHBEPCHH BOIOPOIA U €r0
NMPOMBIIIVICHHAsI peajin3anus
Hpe,[[CTaBJ'IeHLI PE3YIbTAThl TCOPCTUUCCKUX U SKCIICPUMCHTAJIbBHBIX I/ICCJ’IGI[OBaHI/Iﬁ Imponecca
HOHHTepMH‘IeCKOﬁ OpTO-ITapaKOHBEPCHU BOAOPOJa, KOTOPHBIC IMTO3BOJINJIA BBISIBUTH PAA BAXKHBIX
Q)aKTOpOB, BIIMAOIIUX HA pa60Ty alrapara KOHBCPCHUH. 9KCHepHMeHTaHLHOG HCCIICIOBAHUC ITPOBCACHO
Ha ONBITHO-TIPOMBIIIIJICHHOW YCTaHOBKE IO CXKIDKEHHIO BOAOPOAA POU3BOIUTENHLHOCTHIO 20 KI/4.
ComnocraBieHue MOJIYYCHHBIX PE3YJIbTATOB I10OKA3aJI0 XOpOIIEeC COIJIaCOBAaHNEC OIIBITHBIX U
TEOPETHUECKHUX JIAaHHBIX BO BCEW HccieaoBaHHoM oomactu. [lokazano, 4To B MHTEpBaJIC TEMIIEPATyp OT
63 10 34 K Bo3MOXkeH Ipoliecc HelPePHIBHONW OPTO-TIAPaKOHBEPCUH C JOCTHIKEHHUEM BEIMYHUHBI
paBHOBECHOH KOHIIEHTparuu rnapasogopoaa 90 %. I1o pe3yiapratam BHIIOTHEHHOTO KOMIUIEKCA paboOT
OBLI MOACPHUZHUPOBAH HUBKOTCMIICPATYPHBIX Y3CJI IPOMBIIIIJIICHHOT'O OXHWKHUTEIISL BOAOPOAa BBICOKOTO
JABJICHUS, YTO MO3BOJMIO MOTYIUTh S00 KT )KHIKOTO MapaBo0poa B 4ac U PEIIUTh MOCTABICHHYIO
3alavy 11O YABOCHHIO IMTPOU3BOAUTCIIbBHOCTU HeﬁCTBYIOIHeFO O60py,I[OBaHI/ISI.
KuroueBrble ci10Ba: BOAOPOA, AEUTEPUI, MATEMAaTHYECKasI MOJEIIb, OPTO-ITAPAKOHBEPCHS,
HCIIPEPpbIBHAsAA KOHBCPCUA, aI[I/Ia6aTI/I‘leCKa$I KOHBCPCHUA
UDC 536.27
A.l. Smorodin, T.l. Murashkina (Bauman Moscow State Technical University, Russia); A.L.
Shuyakov, E.E. Shuyakova (LLC "*Cryomash-BZKM", Balashikha, Moscow region, Russia) E-mail:
smorodin38@rambler.ru
Study of polythermal hydrogen ortho-paraconversion process and its industrial implementation
The paper presents the results of the theoretical and experimental study of the process of
polythermal ortho-paraconversion of hydrogen, which made it possible to find a number of important
factors affecting the operation of the conversion apparatus. An experimental study of ortho-
paraconversion processes was carried out on a pilot plant for hydrogen liquefaction with a capacity of 20
kag/h. A comparison of the obtained results shows that there is a good agreement between the
experimental and calculated data in the entire studied area. It has been shown that, in the temperature
range from 63 to 34 K, the process of continuous ortho-paraconversion is possible with the achievement
of an equilibrium parahydrogen concentration of 90 %. Based on the results, the low-temperature unit of
the industrial high-pressure hydrogen liquefier was modernized, which made it possible to obtain 500 kg
of liquid parahydrogen per hour and solve the task of doubling the productivity of the existing equipment.
Keywords: hydrogen, deuterium, mathematical model, ortho-paraconversion, continuous
conversion, adiabatic conversion
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VIK 621.57
B.A. Uexosuu (A0 «Koncmpykmopckoe 010po mounozo mamiunocmpoenusn umenu A.3.
Hyoenvmanay, 2. Mockea, Poccus); E.C. Hasacapoan, 0-p mexn. nayk (Mockoeckuil
2ocyoapcmeeHnHnblilt mexnuydeckuii ynueepcumem umenu H.3. baymana, Poccus)
E-mail: czechowicz@mail.ru
IIpumeHeHne MOIe/IM PACCJIOEHUS Ta30BOI0 CTOJ10a ISl pacyeTa KPMOreHHbIX MAIIMH 3AMKHYTOTI'0
UKJIA

Hpe,Z[CTaBJ'IeHO OIIMCaHUEC (1)PI3H‘ICCKOI71 MOACIIN paCCIOCHUA I'a30BOI'0 CTOJ'I6a, C IPUMCHCHHUEM
KOTOpOﬁ MPOU3BOAUTCA MOACITIUPOBAHNEC PCAJILHBIX TCPMOJUHAMUYCCKUX IMMPOLECCOB B KPUOTCHHBIX
T'a30BbIX MAallIMHAX 3daMKHYTOI'O [IUKJIA. B YaCTHOCTH, paCCMOTPCHBI MAallTMHbI, B KOTOPbIX HUCITOJIB3YCTCA
OXJIQJIUTENh C MyIbCAIMOHHOHN TpyOoii, paboTaromue o nukinam Crupnuara. Beicokas 3peKTUBHOCTH
TaKHUX MAlllhH CBA3aHA C HU3KUM YPOBHCM BI/I6paHI/II/I Ha XOJIOJHOM KOHIIC KPpHUOI'OJIOBKHU U C
CYHICCTBCHHBIM YBCIMYCHHUEM pECypCa B CPABHCHUHN C KPUOTCHHBIMU I'a30BBIMU MAalllIMHAMU, B COCTAB
KOTOPBIX BXOOUT (bl/ISI/I‘IeCKI/Iﬁ BBITCCHUTCIIb. HpI/IBeI[eHLI IIPUMEPEBI pacqéT OB, BBIITIOJIHCHHBIX I10
npeiaraeéMoi MOJIeNu, U MOJydeHHbIe pe3yabTatThl. s oneHk 3(h()eKTHBHOCTH MAIIMH MPEI0KEHO
BMECTO KJIaCCHUYECKOM JUuarpaMmabl U_IMI/I,I[T a UCII0JIb30BaTh ABC HOBBLIC IUArpaMMbl —
HBOJTIOIIMOHUPOBaHUS a3 u pecypcoéMkocTu. [Ipumenenrne Moaeu — BO3MOXXHOCTh OTIPEICIICHUS B
IICPpBOM l'IpI/I6J'II/I)KCHI/II/I ONTHUMAaIbHOMI BOJ'IIOMGTpPI‘lGCKOﬁ CXEMBbI KpHOFeHHOfI MalllMHBI, eé
TEPMOJMHAMHUYECKUX XapaKTEPUCTUK (TaKUX KaK MOILIHOCTb, XOJI0J0NPOU3BoAUTENbHOCTD, KII/I), a
TAKKC BO3BMOKHOCTD pacuy€Ta H3MCHCHU (baBOBHX XapaKTCPUCTUK TCPMOIAUHAMHNYCCKUX IMTPOUCCCOB JIs
3a1aBacMbIX ITOJIB30BATCIIEM (1)aKTOpOB C Y4C€TOM HCCTAIMOHAPHOTO IPOUCCCa BbIX0Ja Ha PCIKUM ITPU
HHUIIMAJIM3alluy ABYX TUIIOB: PEAJIbHOTI'O U MHUMOTO. CpeI[I/I (I)aKTOpOB, 3a4aBaCMbIX I10JIb30BAaTCJICM,
CJIEyeT OTMETUTh: THAPABINIECKOE COMPOTUBIICHHE aNaparoB, kputepuii Hyccenspra, a3 dexruBnyro
TCIUIOIIPOBOAHOCTD, TEMIICPATYPY Oprxcanmeﬁ CpCabl.

KuroueBble ciioBa: MukpokpuoreHHas razonas mamuna (MKI'M), nynbcanmonnas Tpyoa, pacyet
nukia CTUpIUHTa, pacyeT LUKIa JPUKCOHA
UDC 621.57
V.A. Chekhovich (Nudelman Precision Engineering Design Bureau, Moscow, Russia);
E.S. Navasardyan (Bauman Moscow State Technical University, Russia)
E-mail: czechowicz@mail.ru
Application of the gas column stratification model for the calculation of closed-cycle cryogenic
machines

This article discusses the description of the physical model of gas column stratification, which is
used to simulate real thermodynamic processes in cryogenic gas machines of a closed cycle. In particular,
machines using a pulse tube cooler and operating on Stirling cycles are considered. The high efficiency of
such machines is associated with a low level of vibration at the cold end of the cryohead and with a
significant increase in resource in comparison with cryogenic gas machines, which include a physical
displacer. The article provides examples of calculations performed according to the proposed model and
the results obtained. To assess the efficiency of machines, it is proposed to use two new diagrams instead
of the classical Schmidt diagram - evolution of phases and resource intensity. The model is able to
determine, as a first approximation, the optimal volumetric scheme of a cryogenic machine, its
thermodynamic characteristics, such as: power, cooling capacity, efficiency, and also calculate the change
in the phase characteristics of thermodynamic processes for user-defined factors, taking into account the
non-stationary process of entering the regime with two types of initializations: real and imaginary.
Among the factors set by the user, it should be noted: the hydraulic resistance of the apparatus, the
Nusselt criterion, the effective thermal conductivity, and the ambient temperature.

Keywords: Microcryogenic gas machine (MCGM), pulsation pipe, calculation of the
Stirling cycle, calculation of the Ericsson cycle
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mail: lavrovna@bmstu.ru
HpI/IMEHeHI/Ie TBEPAbLIX KPUOT€HHBIX ar¢HTOB B CUCTEMaX JKn3HeoOecIeYeHNsI KOCMHYECKHX
CTaHIII/Iﬁ OJd CO3JaHUA KOMIIOHCHTOB aTMOC(I)epr

Hpez[naraeT CA HOBaA TEXHOJIOTH BOCIIOJIHEHUSA CYTOYHBIX IIOTEPh a30Ta B aTMOC(l)epe
poccuiickoro cermenTa MexxayHapoiHoi kocmudeckor craniuu (200 r/cyT) U oxiaxkJeHust O0PTOBBIX
QJICKTPOHHBIX YCTpoﬁCTB. HpeﬂnaraeMHe TEXHOJIOTUH MOT'YT OBITH UCIOJIb30BaHLI IJIA CO3JaHusI CUCTEM
XPaHCHUA TBECPAOTO a30Ta, a4 TAKIKC BbIACIICHUSA ra3006pa3H0ro a30Ta aJjis1 CO34aHus aTMOC(l)epBI JJIA
KHUJIBIX OTCEKOB Ha KOCMUYCCKHX CTAHIUAX U, B IICPCIICKTHUBE, HA HyHHOfI CTaHIINHU.

Kniouegvle cnoga: kocMuieckasi CTaHIMs, KOCMUYECKHI anmapar, KpuocTarT, TBEp/bIA a30T,
KPHUOI'CHHBIC aIr€HThI
UDC 66-973
O.G. Artemyev, A.A. Kazakova, N.A. Lavrov, A.V. Levchenko (Bauman Moscow State Technical
University, Russia) E-mail: lavrovha@bmstu.ru
Application of solid cryogenic agents in space station life support systems for creation of
atmosphere components

We propose a new technology for replenishing daily nitrogen losses in the atmosphere of the
Russian segment of the International Space Station (200 g/day) and for cooling on-board electronic
devices. The proposed technologies can be used to create systems for the storage of solid nitrogen, as
well as the release of gaseous nitrogen to create an atmosphere for living compartments at Space Stations
and, in the future, at the Lunar Station.

Keywords: space station, spacecraft, cryostat, solid nitrogen, cryogenic agents

INPOLECCHI 1 OBOPYIOBAHHUE
XUMHYECKHUX U HE®TEI'A30BBIX TEXHOJIOT U

CGKHI/IH ((XOJIOIH/I.HI)HEIH TCXHHUKA U KOHAULXMOHUPOBAHUCH

YK 621.574; 536.75
B.B. Hluwoe, kano. mexu. nayk, B.A. Ilopmanuxun (Mockoeckuii 2ocyoapcmeennvlil mexHu4ecKuil
yHuueepcumem umenu H.3. baymana, Poccus); M.C. Tanvizun, kano. mexu. nayx (Kypunan
«Xonoounvnan mexuukay, 2. Cankm-Ilemepoype, Poccus)
E-mail: v.portyanikhin@ya.ru
JHTPONUIHO-CTATUCTHYECKHU I AHAJIN3 CYOKPUTHYECKHUX X0JI0AMIbHBIX HMKJIOB
€ 3’)KEKTOPOM B Ka4yecTBe PaCIIMPHUTEJIbHOI0 yCTPOoiicTBa

[IpuBeneHs! 00IIKE BBIpaXXEHUS ATl SHTPOIMUUHO-CTATUCTUYECKOTO aHAIH3a
apOKOMIIPECCUOHHBIX XOJOAUIBHBIX LIMKIOB. PazpaboTaHo OTKpbITOE IporpaMMHOE o0ecriedeHne st
SHTPONHUIHO-CTATUCTUYECKOTO aHAIU3a MAPOKOMIIPECCUOHHBIX XOIOIUIbHBIX HUKIOB. C IpUMEHEHUEM
METO/1a SHTPONUHHO-CTAaTUCTUUECKOTO aHAJIN3a IPOBEIEHO CPAaBHEHHE JIBYX Pa3IMUHBIX XOJI0JUIbHBIX
LUKJIOB C TPUMEHEHUEM KEKTOPA B KAUECTBE PACIIUPUTEIBLHOTO YCTPOMCTBA C MATHIO IPYrUMU
OUKJIIaMH, B KOTOPBIX B KAUYCCTBC PACIUPUTCIIBHOTO yCTpOﬁCTBa IMPUMEHATOTCA JPOCCCIbHBIC BCHTUIIH.
Pacuérel npoBeneHb! 7151 ABYX TEMIIEPATYPHBIX YPOBHEH: CPEHETEMIIEPATYPHOTO U
HU3KoTeMIeparypHoro. [loka3ansl ypoBHH 3HEpPronoTpeOaeHus B 3aBUCUMOCTH OT UCIOJIb3YEMOTO
LMKJIa U TEMIIepaTyphl KUMeHust. Pe3ynbTarsl nokazaiu paluoHaIbHOCTh U IEPCIEKTUBHOCTD
IIPUMEHEHHUS 3’)KEKTOPOB B KAYECTBE PACIIMPUTEIBHBIX YCTPONCTB HE TOJIBKO B TPAHCKPUTUYECKUX
XOJIOIMIIBHBIX IUKIIAX, HO U B CYOKPUTHYECKUX [IUKIIAX.

KuroueBble ciioBa: cyOKpUTHYECKHUE, TAPOKOMIIPECCHOHHBIE XOJI0IUIbHBIE IIUKIIbI, SHTPOIIUHHO-
CTATUCTUYECKUN aHAU3, XJIaIar€HThI, 3KEKTOPHI
UDC 621.574; 536.75
V.V. Shishov, V.A. Portyanikhin (Bauman Moscow State Technical University, Russia); M.S. Talyzin
(Journal «Kholodil'naya tekhnikay, St. Petersburg, Russia) E-mail: v.portyanikhin@ya.ru
Entropy-statistical analysis of subcritical refrigeration cycles with ejector as an expansion device

www.himnef.ru - caiit xxyprana «Xumuueckoe 1 Hedrerazosoe MammHOCTpoOCHHE,
www.intecheco.ru - caiit koHbepeHuui 11 MPeANPHATHIl YHEPreTUKH, METAIUTYPIHH, He(TEra30Boi 1 XUMHUYECKON OTpacieit


http://www.himnef.ru/
http://www.intecheco.ru/

*Hry,
I oS ! AHHOTAIMM cTaTell KypHaja « XuMHYecKoe H HepTera3oBoe MalImHOCTPoOeHne» 3a 2022 r.

General expressions for entropy-statistical analysis of vapor-compression refrigeration cycles are
given. An open software for entropy-statistical analysis of vapor-compression refrigeration cycles has
been developed. Using the entropy-statistical analysis method, two different refrigeration cycles using an
ejector as an expansion device were compared with 5 other cycles in which expansion valves are used in
this capacity. Calculations were carried out for two temperature levels: medium-temperature and low-
temperature. Energy consumption levels are shown depending on the cycle used and the evaporating
temperature. The results showed the rationality and prospects of using ejectors as expansion devices not
only in transcritical refrigeration cycles, but also in subcritical ones.

Keywords: subcritical, vapor-compression refrigeration cycles, entropy-statistical analysis,
refrigerants, ejectors

YK 629.7.048
ML I'ankun, 0-p mexn. nayk, A.A. Kazaxoea, kano. mexu. nayk (Mockoeckuii zocyoapcmeeHHblil
mexHuueckuii ynusepcumem umenu H.J. baymana, Poccus)
E-mail: galkinml@bmstu.ru
KonBepcusi yriieBogopooB 4 BOAbI B 3aKPbITHIX CHCTEMAX KU3HeoOecIedeHus sl
MEKIIJIAHETHBIX I10JIETOB

Hpe,I[CTaBJ'IeHO SQ)Q)CKTI/IBHOG PCUICHUC HpO6J’IeMH IMMOBBIIICHUSA CTCIICHU KOHBCPCHUH BOAbI U
KHCJIOpOJda U3 NPOAYKTOB KU3HCACATCIbHOCTH SKUITAKa NI MEKIUIAHCTHBIX IMUJIOTUPYCEMBIX ITOJICTOB. B
HACTOAIICEC BPEMA B KOMINJICKCAX PETrCHCpAllU BOABI U KUCJIOPOJa UCITIOJIB3YETCA METO
BBICOKOTEMIICPATYPHOT'O BJICKTPOJIM3a AUOKCHU A YyIJICpoaa U BOALI C HHKHH‘IGCKOﬁ peaKuHeﬁ
TUAPHUPOBAHUA MOHOOKCH A yIJIEpoaa 10 METaHa U oOecrieunBaeTcst KOHBCPCHUs 10 61 %. B sTtom cliydac
OTXOJIbI BBIOPACKIBAIOTCS B BUC MOHOOKcH A yriiepoaa (270 r/cyt), metana (140 r/cyT), Bogopoxaa (60
r/cyT) u pexanuii (150 r/cyT). OmHAKO 3TH OTXO/IBI MOKHO TIepepabaThiBaTh B ONMMCAHHOM PEAKTOPE U
JIETKO MCTOJIb30BaTh HA MEKTYHAPOIHON KOCMUYECKOM CTAaHIIMU B KaUeCTBE YA0OPEHUH I pacTEeHUH, a
TaK>X€ AJIsd CHHTE3a 1 OuocuHTE3a BOCTpe6OBaHHbIX OpraHn4YCCKUX BCIICCTB, TAKUX KaK I'NTFOKO34d.
bnarogaps ncnosib30BaHNIO0 peaKTOpa 3aMbIKAETCsI MOTHBIN LUK IPeoOpa3oBaHUsI BOJbl BHYTPU
CTaHIIMU AJIA MCXKITJIAaHCTHBIX BKCHC,HPII_[I/Iﬁ, COKpaacTCAa KOJIMYCCTBO OTXOJ0B, MaCcCa JOCTABJIACMbIX
Tpy30B U H606XOIII/IMI)IC 3alrachbl IJIsI MCXKIIJIAHCTHBIX 3KCHGILI/IHI/H>'I.

KiroueBrie coBa: AUOKCU [ YTII€pOoda, METaH, KOHBEPCHUA YTIICBOAOPOAOB, KOHBECPCHUSA BOBI,
KHCIIOpO/I, pereHepanus Boibl, Bbiciine ankanbl, MKC
UDC 629.7.048
M.L. Galkin, A.A. Kazakova (Bauman Moscow State Technical University, Russia)
E-mail: galkinml@bmstu.ru
Conversion of hydrocarbons and water in closed life support systems for interplanetary flights

The article presents an effective solution to the problem of increasing the degree of water and
oxygen conversion from the crew's waste products for interplanetary manned flights. The currently used
water and oxygen regeneration complexes use the method of high-temperature electrolysis of carbon
dioxide and water with a cyclic reaction of hydrogenation of carbon monoxide to methane and provide up
to 61 % conversion. In this case, waste is emitted in the form of carbon monoxide (270 g/day), methane
(140 g/day), hydrogen (60 g/day) and feces (150 g/day). The proposed method is based on the complete
regeneration of water and oxygen in a reactor, in which additional water and higher alkanes are obtained
from the waste of existing regeneration complexes by the action of low-temperature plasma with the
presence of catalysts from hydrocarbons. The products obtained in this way can be used on the
International Space Station as fertilizers for plants, as well as for the synthesis and biosynthesis of
organic substances in demand, such as glucose. Due to the use of the reactor, the full cycle of water
conversion inside the station for interplanetary expeditions is closed, the amount of waste, the mass of
delivered cargoes and the necessary reserves for interplanetary expeditions are reduced.

Keywords: carbon dioxide, methane, hydrocarbon conversion, water conversion, oxygen, water

regeneration
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VIK 621.565.83; 665.66
M.C. Tanvizun, kano. mexu. nayx (/Kypuan «Xonoounvnana mexunuxay, 2. Cankm-Ilemepoype,
Poccusn); B.I. [lonomapes, kanod. xum. nayx (000 «HIIII Cunme3s», Ilepmb, Poccus) E-mail:
talyzin_maxim@mail.ru
HpnMeHeHne NMPUPOAHBIX XJIATar€HTOB B XOJIOJII/IJILHOﬁ TEXHHUKE

HpI/IBe,I[eHBI PE3YIBTATHI aHaJIn3a IOTCPh SHEPIUK XOJIOAUIBHBIX YCTAHOBOK C IIPUPOJHBIMHA U
CHHTETHUYECKUMU XoJoauibHbIMU areHTamMu R134a, R404A, R1270, R290 (TemnepaTypbl KUIIEHUS
xnamarenta —25 °C, —18 °C, —13 °C), paboTarmuxX M0 MUKIY OJHOCTYIEHYATOTO CIKATHUS C
OIHOKPATHBIM JPOCCCINPOBAHUCM. Pacuetnl IMPOBCACHBI 3HTp0HI/II71HO-CTaTI/ICTI/I‘IGCKI/IM METOAOM
TEPMOANHAMHNYCCKOI'O aHaIn3a. ITo pE3yiabTaTaM aHaln3a BbISABJIICHA IIEPCICKTUBHOCTh IPUMCHCHU A
npupoaubix xnanareHToB (R1270 u R290). Jlanbl pekoMeHAalMK MO0 MEePEX0y Ha MIPUPOIHBIE
XJ1agar€HTbl B XOJIOAUJIBHOM 060py,Z[OBaHI/II/I.

KiroueBble ¢j10Ba: SHTPONMHUITHO-CTATUCTUYECKUN METO]T aHaH3a, 3P (HEKTUBHOCTh, TPUPOTHBIE
XJIagar€HThbl, IIPOMUJICH, IIPOIIaH
UDC 621.565.83; 665.66
M.S. Talyzin (Journal «Kholodil'naya tekhnika», St. Petersburg, Russia);
V.G. Ponomarey (LLC «NPP Sintez», Perm, Russia) E-mail: talyzin_maxim@mail.ru
Application of natural refrigerants in refrigeration plants

Results of analysis of losses in refrigeration plants with and different natural and synthetic
refrigerants R134a, R404A, R1270, R290 (evaporation temperatures —25 °C, —18 °C, —13 °C) working on
single stage refrigeration cycle with single throttling, obtained by entropic and statistical method of
thermodynamical analysis, were given. The results of the analysis showed the perspective of application
of natural refrigerants (R1270 and R290) and allowed to determine the ways to improve refrigeration
plants. Recommendations for transition to natural refrigerants usage refrigeration equipment are given.

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

propane

YK 541.183; 532.546.7
H.JI. lllenakun (Mockoeckuit 2ocyoapcmeennwtii mexnuueckuii ynueepcumem umenu H.D. baymana,
Poccusa; Hncmumym gpuzuueckoit xumuu u 3nexkmpoxumuu umenu A.H. @pymkuna PAH, 2. Mockea,
Poccus);
E.M. Cmpuosicenos, kano. mexn. nayx, C.C. Uyzaee, A.B. Illkonun, kano. xum. nayx, U.E.
Menvuwuxos, kano. xum. nayk (Mucmumym ¢usuueckoii xumuu u Inekmpoxumuu umenu A.H.
Dpymkuna PAH, 2. Mockea, Poccus); A.A. Kazaxkoea, kano. mexn. nayk (Mockoeckuii
2ocyoapcmeennslii mexnuueckuil ynueepcumem umenu H.2. baymana, Poccus)
E-mail: shelyakinlife@mail.ru
MartemaTu4eckoe MoieTMpPOBaHHe Mpolecca
OXJIAXKICHHUS aICOPOCHTOB C Pa3JINYHOI reoMeTpHeil KaHAIOB
NMPHU HU3KOTEMIIEPATYPHOIl HUPKYJIALMOHHOM 3aNipaBKe METAHOM
MeTroaoM MareMaTHuecKoro MoJIETMPOBAHUS UCCIIEI0BAHBI TPOLIECCHI OXJIAXKICHUS
HUPKYJSIITAOHHBIM IOTOKOM METaHa MOHOOJIOYHOM aICOPOIIMOHHON CTPYKTYPHI C IEHTPATbHBIMU
KPYTJIBIMU MPOTOYHBIMU KaHAJaMH U CTPYKTYpBI, 00pa3oBaHHON MOHOOI0OKaMu B (hopme
HIECTUYTOJIbHBIX TIPU3M C II€JIEBBIMU MTPOTOYHBIMHU KaHAJIaMU 110 TIEpUMeTpy ajgcopoenta. [Ipu 3ampaBke
110 160 am®/M® (koHeuHas cpeaHss Temreparypa ajcopdenta — okono 269 K) npumenennem
MOHOOJIOYHON CTPYKTYPHI C IIEIEBBIMH KaHATaMU 00€CIIeYnBAETCS COKpAIEHNE TTPOIOJDKUTETLHOCTH
3ampaBku Ha 53...63 % 1o cpaBHEHUIO C MOHOOJIOYHOM CTPYKTYPOH C KPYTJIBIMHA KaHAJIAMHU.
MuHuManbHas MPOAOIKUTEIHFHOCTh HU3KOTEMITEPATypPHOH 3allpaBKH 10 PE3yIbTaTaM MOJICTUPOBAHUS
coctaBuia 216 ¢, 4TO COOTBETCTBYET OBICTPOI 3aMpaBKe, OTBEUAIOIIEH MOTPEOHOCTSIM aBTOBJIA/ICIBIIEB.
KuoueBble ciioBa: acopOUpOBaHHBIN MPUPOIHBIN Ta3, MATEMAaTHIECKOE MOJISITUPOBAHHE,
BBIUMCIIUTENbHAS THIPOJMHAMUKA, TIOPUCTAs Cpea, aacopOoIusi, aicCOPOCHT, METaH, IPOIECCHI TETIO- U
MaccooOMeHa, XpaHeHHE MEeTaHa, IUPKYJSIIUOHHAS 3apaBKa
UDC 541.183; 532.546.7
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1.D. Shelyakin (Bauman Moscow State Technical University, Russia; Frumkin Institute of Physical
Chemistry and Electrochemistry, Moscow, Russia);
E.M. Strizhenov, S.S. Chugaev, A.V. Shkolin, I.E. Men'shchikov (Frumkin Institute of Physical
Chemistry and Electrochemistry, Moscow, Russia); A.A. Kazakova (Bauman Moscow State Technical
University, Russia) E-mail: shelyakinlife@mail.ru
Mathematical modeling of the cooling process of adsorbents with different channel geometry at
low-temperature circulating charging with methane
Using the method of mathematical modeling, the processes of cooling a monoblock adsorption

structure with central round flow channels and a structure formed by monoblocks in the form of
hexagonal prisms with slotted flow channels along the perimeter of the adsorbent by a circulating flow of
methane were studied. When charging up to 160 v/v (final average temperature of the adsorbent is about
269 K), the use of a monoblock structure with slotted channels reduces the charging time by 53...63 %
compared to a monoblock structure with round channels. The minimum duration of low-temperature
charging according to the simulation results was 216 seconds, which corresponds to a fast charging that
meets the needs of car owners.

Keywords: adsorbed natural gas, mathematical modeling, computational fluid dynamics, porous
medium, adsorption, adsorbent, methane, heat and mass transfer processes, methane storage, circulation
charging

YK 62-784.433
E.B. Cepzuanckuii, A.A. Kazaxosa, kano. mexu. Hayk (MocKkoecKuii 20cyoapcmeeHblil mexXHUu4ecKuil
yuusepcumem umenu H.D. Baymana, Poccus) E-mail: sev19eaa025@student.bmstu.ru
HoBasi TexHO/10THS YJIaBJAMBAHUS YACTHIL JKeJie3a U3 BO31yXa B 0ap00Ta:KHOM YCTPOiicTBe ¢
HEOAMMOBBIMM MAarHUTaAMU

HpezmoxceHH HOBasd TCXHOJIOTUS ONPCACICHUA HpI/IMeceﬁ JKCJI€3a B BO3AYXC U OUMCTKHU BO3yXa
(HpI/IMeHI/ITeHBHO JI1 ropoaa AHaTI/ITLI), a TaK’KC 3KCIICPUMCHTAJIbHAsl YCTAHOBKaA IJIA 6ap60Ta>Ka
MCCIIETyEMOTO ra3a 4epe3 CII0M JUCTUIUIMPOBAHHOW BOJIBI C TPUMEHEHUEM HEOIMMOBBIX MAarHUTOB IS
KOHIOCHTPHUPOBAHUA HpHMeCCﬁ. Hpez[noxceHHaﬁ TEXHOJIOTHS MOXET OBITH IOJIE3HA JJIs1 0oJIee TOYHOTO
OTIpeIeNIeHus] KOJIMYeCTBa MpUMeceil B Bo3ayxe u Oosee 3(pPEeKTHBHOIN OUNCTKH BO3IyXa.

KiaroudeBble ci1oBa: KOHLOCHTPHUPOBAHUC TBCPAbIX YACTHII, 6ap60Ta>i<, AUCTUIITIMPpOBAHHAs BOJA,
HEOJIMMOBBIC MarHUTHI, ATOMHO-a0COPOIIMOHHBIN aHATH3
UDC 62-784.433
E.V. Sergiyanskiy, A.A. Kazakova (Bauman Moscow State Technical University, Russia) E-mail:
sev19eaa025@student.bomstu.ru
Novel technology for iron particles capturing from air in a bubbler with neodymium magnets

A new technology for determining impurities in the air and air purification is proposed (for the city
of Apatity) and an experimental installation. Bubbling of the studied gas through a layer of distilled water
with the use of neodymium magnets for the concentration of impurities is considered. The proposed
technology makes it possible to more accurately determine the amount of impurities in the air as well as
improve air purification.

Keywords: concentration of solid particles, bubbling, distilled water, neodymium magnets, atomic-
absorption analysis

KOMITPECCOPBI. HACOCHBI.
TPYBOIIPOBOJHAS APMATYPA

CGKU,I/UI <(XOHOLLI/IHI:>H8.$I TCXHUKA 1 KOHAUIUOHHUPOBAHUC)

YK 621.5.041
A.A. ’Kapos, A.B. Bopucenxo, A.B. Banrakuna, kanouoamut mexu. nayx, C.B. Ilouamkoe, M.B.
Makxapoe (Mockoeckuil zocyoapcmeennntit mexuuueckuii ynugepcumem umenu H.D. Baymana,
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Poccus) E-mail: Pochatkov_SV@mail.ru
Buasbl ciupasieil X0J10AMJIbHBIX CIUPATBHBIX KOMIIPECCOPOB U PACUYET reOMeTPHUHU X NpoduJieit

B X010AMIpHOM TEXHUKE YACTO UCHOJIb3YIOTCS CIIUPAIIbHBIE KOMITPECCOPBI, XapaKTEPHU3YIOLIUECS
BBICOKHUM KOB(b(l)I/ILII/IeHTOM nmoaga4yu, MaJibiIM YPOBHEM IIIyMa, BBICOKOH YPaBHOBCIICHHOCTBIO U PAIOM
JPYruX JOCTOUHCTB. B OTKPBITOM JOCTYIE HEAOCTATOYHO HH(OPMAIMH IO TPOPHINPOBAHHIO CIIUpATICH
CIIMPAJIBHBIX KOMIIPECCOPOB, ITO3TOMY IIPHU UX IIPOCKTUPOBAHUHN HanOoJIee CI0KHO UMEHHO
npoGUIMpPOBaHUE CIIUPATH. BBIBEICHBI i ONTUCAaHBl HEOOXOMMbIE MATEMATHUECKHUE 3aBHCUMOCTH,
MO3BOJISIOIINE TPOPUIMPOBATH U CTPOUTH 3D-MOACIIN KyCOYHO-OKPY>KHOU CITUPAIIH, SBOJILBEHTHON
CIUPAIH U criupalid Apxumena.

KiroueBrble cj10Ba: CriupalibHBIA KOMITPECCOp, MPOPUIMPOBAHUE CITUPAJICH, KyCOUHO-OKPYKHAas

CIIMpaJib, 3BOJIbBECHTHAA CIIUpaAJIb, CIIUPAJIb Apnge;[a
UDC 621.5.041
A.A. Zharov, A.V. Borisenko, A.V. Valyakina, S.V. Pochatkov, M.V. Makarov (Bauman Moscow State
Technical University, Russia) E-mail: Pochatkov_SV@mail.ru
Types of scrolls of refrigeration scroll compressors and calculation of geometry of scroll profiles

Spiral compressors are often used in refrigeration with volumetric efficiency, low noise, high
balance and a number of other advantages. There is not enough information in the public domain
describing the profiling of scroll, therefore, when designing scroll compressor, the greatest difficulty is
the scroll profiling. The necessary mathematical relations are developed and described, which allow
profiling and 3D models constructing of a piecewise circular scroll, an involute scroll and an Archimedes
scroll.

Keywords: scroll compressor, scroll profiling, piecewise circular scroll, involute scroll,

Archimedes' scroll
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KaneHaapb npoMbiwineHHbIX KoHdepeHuun O00 «MHTEX3KO» - www.intecheco.ru

000 «MHTEX3KO» npurnaiwaeT Ha exerogHble NpoMblILLeHHble koHdepeHummn B K «N3marnosoy» (r. Mockea):
«AHTUKOPPO3UOHHAA SALLUNTA» (maprT), «PEKOHCTPYKLUA OQHEPTETUKWU» (MioHb),
«MbINNEFA3004YNCTKA» (ceHTs16pb), «BOOA B MPOMbILLUITEHHOCTWU» (oKkTAGPL).
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C 2008 roga OO0 «<MHTEXBOKO» opraHunsosano B Mockse 6onee 90 koHdepeHLmMIn, B paboTe KOTOPbIX NPUHANN
yyactme 6Gonee 12000 peneratoB m3 33 cTpaH Mupa. YyacTMe B KOH(EpeHUMM — 39TO BO3MOXHOCTb
NO3HAaKOMUTbLCA C HOBbIMU TEXHOJIOTMAMU N COBPEMEHHbLIM OﬁOpy,D,OBaHI/IeM, npunmepammn peLuean7| Pa3nn4HbIX

np06neM mMoaepHusaunMn npomMbILLUNEHHbIX I'IpG,EI,I'IpI/IFlTVIVI, BO3MOXXHOCTb HaWTWM HOBbIX napTHepoB, 3aKa34UKOB,
NPOEKTNPOBLLUMNKOB U MOCTaBLLNKOB.

- N

CTommocCTb M yCcnoBusa yyactusi, 6naHku 3asBoK, nporpammbl U cb6opHukn koHpepeHuun OO0 «MHTEX3KO» ¢
2008 ropa - cMm. Ha cauTe http://www.intecheco.ru/

Mpumepbl BUAEO NpeablayLimx KoHdepeHumi cm. Ha YOUTUBE: https://www.youtube.com/@intecheco

OaTbl npoMbilneHHbIx koHdepeHunn 000 «kMHTEX3KO»:

29 mapTa 2023 r. - XIV MexoTpacneBas koH¢epeHunas «kAHTUKOPPO3UOHHAA 3ALLIUTA-2023»
6 uroHA 2023 r. - XV Bcepoccuiickas koHcpepeHuma « PEKOHCTPYKLUUA SQHEPTETUKU-2023»
26 ceHTAGOpA 2023 r. - XVI MexxayHapoaHasa koHdepeHuus «NMbINIEFTA3SO0OYUCTKA-2023»

31 okta6pa 2023 r. - XIV MexoTpacneBas koHdepeHunsa «BOOA B MPOMbILUNEHHOCTU-2023»

27 mapTa 2024 r. - XV MexoTpacneBasi koH¢pepeHuna «kKAHTUKOPPO3UOHHAA 3ALLUTA-2024»
5 utoHA 2024 r. - XVI Bcepoccuiickas koHgpepeHumnsa « PEKOHCTPYKLUUA SQHEPFETUKU-2024»
25 ceHTA0ps 2024 r. - XVII MexxayHapoaHas koHdepeHuus «MbINIEFTA3O04YUCTKA-2024»

30 okTA6psa 2024 r. - XV MexoTpacneBas koHdepeHunsa «BOOA B MPOMbILUITEHHOCTU-2024»

29 mapta 2023 r. - XIV MexoTtpacneBasa koHdepeHuna AHTUKOPPO3UOHHASA 3ALLINTA-2023

KoHdepeHums «AHTUKOPPO3MOHHAA 3ALLNTA» exerogHo npoeogutcss OO0 «MHTEX3KO» ¢ 2010 roga u
NnocBsilleHa OEeMOHCTpaUuM MPOMbILLNEHHBLIX MaKOKpacoYHbIX MaTepuanoB, HOBbIM TEXHOMOMMSIM, Kpackam U
mMaTtepuanam gns 3awutbl OT KOPPO3WKM, OrHe3aluTbl U U30MAUUK, INEKTPOXUMUYECKMM MeToAam 3alluThl,
npmbopam KOHTPONs KayecTBa MNOKPLITUMI, COBPEMEHHOMY O0OpyAOBaHWKO ANsi MOArOTOBKM MNOBEPXHOCTU M
oKpacku, Borpocam MpOMbILLNEHHON 6e30MacHOCTU, pelueHUsM O YCUMEHUS U BOCCTAHOBIEHUSI 34aHUR,
COOPYXXEHMWI N TEXHONOIMYECKOro 060pya0BaHUS MPOMbILINIEHHbIX NPeanpuUaTUi.
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6 uoHa 2023 r. - XV Becepoccumckasa koHdepeHuma PEKOHCTPYKLUINA SHEPTETUKU-2023
Bcepoccuiickaa koHdepeHumnss « PEKOHCTPYKUMA 3SHEPIETUKU» exerogHo nposogutcs ¢ 2009 roga wu
MOCBSILLIeHa BOMpocaM MPOEKTUPOBaHWUA W CTPOUTENbCTBA MPEeAnpUATUN SNEKTPOIHEPreTUKU, PEeKOHCTPYKLUK
anekTpoctaHuun - TOU, T3C, NTPAC, ASC n N3C, npumepam moaepHU3aunm TypobuH, KOTIOB, FOPenoK, rpagupeH
n apyroro obopynosaHusi, npubopam KUIM u cuctemam aBTromatvsaumu, o60pya0BaHUIO CUCTEM BEHTUNSLUN U
rasoounCTKM, BOAOMOArOTOBKM W BOAOOYUCTKW, akTyarnbHbIM BOMPOCAM WMMOPTO3aMELLEeHUs U BHeApEeHWs
COBpPEMEHHOro BCnomoratensHoro obopyaoBaHMs — HacoCOB, KOHBEMEepOB, KOMMNEHCATOpOB, apMaTtypbl, Tpyo,
TENNooOMeHHMKOB, CPeACTB 3alluTbl NepcoHana, maTtepvanoB ANns OrHe3alnTbl U aHTUKOPPO3MOHHOWM 3aluUunThl,
MPOMBILLMIEHHOW M 9KONOrMyeckon 6e30nacHOCTN 3NEKTPOCTaHLMA.

MoapobHee - cMm. canT koHpepeHumun «PEKOHCTPYKUNA SHEPTETUKN» - www.intecheco.ru/energo/

26 ceHTA6pa 2023 r. - XVI MexayHapoaHasa koHdepeHuums MbINTIEFTA30O0YUCTKA-2023
C 2008 roma OO0 «MNHTEX3KO»  exerogHo  npoBoaut  MexayHapOAHyt  KOH(epeHLuto
«MbINEFA3OO0YNCTKAY», NOCBSLLEHHYI0 BONPOCaM ra3oodnCTKN BO BCEX OTPACNAX MPOMbILLNEHHOCTH.

Okonornyeckas koHdepeHums «MbINEFTASOOYNCTKA» KOMNNEKCHO OXBaTbiBAET OCHOBHbIE peLUeHusT U
obopynoBaHue ang 3awmtbl atMocdepbl OT MPOMBbILLIIEHHbIX BbIOPOCOB: 3MEeKTPOMEXaHUYECKUEe, XMMUYECKME,
ovonormyeckne u gpyrme TEXHOMOrMM OYUCTKM ra3oB OT MblnW, 30Mbl, OUOKCUOA Cepbl, OKUCIOB as30Ta,
cepoBoJopoAa, MepkanTaHOB W OpPYrux BpeHbiX BELLECTB; COBPEMEHHbIE KOHCTPYKUMU 3NEKTPOUNbLTPOB,
pyKaBHbIX UNbTPOB, CKpybbepoB, LMKNOHOB, TpyO BeHTypu; cucTembl nNblnenogaBneHusl; NPOMbILUIEHHbIE
MbINeCcoCbl; CUCTEMbl BEHTUMALMM UM KOHOWLMOHWPOBAHUA; COBPEMEHHblE (UNbTPOBAlNbHbIE MaTepuansl;
npuMMepbl PEKOHCTPYKLUM  YCTAHOBOK Fa3004MCTKM Ha MPEeAnpUATUSIX pasfMyHbIX OTpacren NpOMbILIIEHHOCTY;
abdeKTUBHOE BCNoOMoraTernibHoe obopyaoBaHWE - BEHTUIIATOPbI M ObIMOCOCHI, KOHBEWEPbI, AbIMOBbIE TPYOHI,
KOMMNeHcaTopbl, Hacocbl, apmaTypa, CUCTEMbl 3KOMOMMYECKOro MOHMTOPMHra, nbifieMepbl, ras3oaHanu3aTtopsl,
pacxogomepbl, ACYTI1 rasoo4ucTku, arperatbl NMUTaHUS 3NeKTPoMIbLTPOB; 3anacHble 4acTM K pPyKaBHbIM
dunbTpam 1 anekTpodunbTpam; HeCTaH4APTHOE ra3o04nCcTHOe obopyaoBaHue.

MoppobHee - cMm. canT koHdepeHuun «MbINEFASOOYNCTKA» - www.intecheco.ru/ecolog/

31 okTa6psa 2023 r. - XIV MexoTpacneBas koHdepeHuusa BOOA B MPOMbILLIEHHOCTU-2023
MexoTpacneBas koHdepeHumsa «BOOA B MPOMbIWWIEHHOCTW» nposogutcs ¢ 2010 roga v nocesLieHa
MOJEpPHM3aLMN CUCTEM BOAOMNOMb30BaHUSI, BOAOMOATOTOBKM, BOOAOOYMCTKM U BOAOCHABXEHNS MPOMBILLNEHHbIX
npeanpuatuin. Llene koHdepeHuun - cnocobcTBoBaTb BHEAPEHUIO HOBLIX TEXHOMOrMM u obopynoBaHWus Ans
BOOOMOArOTOBKM M BOAOOYUCTKM, COBPEMEHHBIX PELUEHUA AN OYUCTKM CTOYHbIX BOA, MPUOOPOB KOHTPONS
KayecTBa M pacxoda BoApbl, CUCTEM aBTOMAaTU3aLUM BOOOOYMCTKM, COBPEMEHHbIX peareHToB, Tpyb, apmaTypbl,
KOMMeHCcaTopoB, HACOCOB M Apyroro obopyaoBaHWs Ans apHEeKTUBHONO BOAOCHAOXKEHMS.
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Cnywartenu v goknagymki MOryT Bbli6paTb O4YHbIN UK 3a0YHbIN dopMaT yyacTus:

- 3204YHbI€ Y4aCTHUKM MOSTy4alT Ha 3r.NMoyTy AWNIIOM W CCbUIKM Ha maTtepuanbl KOHdepeHummn: an. cOOopHMK
OOKITagoB U KaTanor, apxus € NpeseHTaumsmmu, OpoLuopamMm 1 CCbifikammn Ha 3apaHee 3anMcaHHbIMK 4OMN.BUAEO,

- OYHblE Y4aCTHUKM (CriyLuaTenu) Takke MoryyaroT CChIfK1 Ha Matepuarnsl 1 31.AuNrom, MOryT NpUCyTCTBOBAThH B
KOH(pepeHLU-3ane, cnylwaTb OYHble AOKMNaabl, NMOCETUTb BbICTABKY NpW KOHepeHunn n Koge-bpenku,

- ONa BCexX [OKNag4vMKoB MpeaycMOTpeHa BO3MOXHOCTb MybnukaummM B kaTanore u cOOpHMKE [OKNanos,
pasmMelleHne npeseHTauun, annosB 1 CCbINIOK Ha AOM.BUAEO B 3M. apXMBe KOH(EPEHLNN, a OYHblE AOKNaaAuuKm
TaKke MOryT BbICTYNUTb C 20 MUHYTHBIM OYHbIM AOKMAA0M, MOCETUTb KOHEPEHLMIO, BbICTABKY U Kodbe-bpenku..

[Nsi 3a04HbIX YHaCTHUKOB OHMaMH TpaHCNAUMKU HeT. O4YHble AOKNaabl CNYLLAOT TOMbKO OYHbIE YYACTHUKN.
Ha koHbepeHUMN BepeTcs Buaeo3anucb M nocrne obpaboTkum BUAEO OPrkOMMTET BbICbINIAeT BCEM Y4acTHMKaM
(OYHBIM M 3204HBIM) CChINIKM Ha BUAEO OYHbIX AOKNAA0B U BUAEO C BbICTABKM NPW KOHbepeHUmn.
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Mpumepbl BUAEO OYHbIX AOKNAA0B U BbiCTaBok Npu koHdepeHumnax « MHTEX3KO» cm. Ha YOUTUBE-kaHane:
https://www.youtube.com/@intecheco

Onsa peructpauum yyactus - oTnpaBbTe 3afABKY Ha an.nouty: admin@intecheco.ru
MoapobHyto nHdopmMaumto, ycnosust y4actusi, bnaHkm 3asBok, oTorpadun, BUAEOOTYEThI, NPOrpaMmbl U
cbopHukKn goknago koHdepeHuun OO0 «MHTEX3KO» ¢ 2008 roaga - cM. Ha canTte www.intecheco.ru

Mo Bcem Bonpocam obpaLlantechb K opraHnsatopy koHdepeHumm - 000 «MHTEX3KO»:
105613, r. MockBa, amarinoBckoe Lwwocce, a. 71, k. 4I-[], 000 «MHTEX3KO»
EpmakoB Anekcer Bnagumumposuy, T.: +7 (905) 567-8767, e-mail: admin@intecheco.ru, intecheco@yandex.ru

CroumcoTb yyacTusa u rpadmk koHdepeHumnn « MHTEX3KO»: http://www.intecheco.ru/doc/plan_intecheco.pdf
ApxuB koHpepeHumin OO0 «MHTEXOKO» ¢ 2008 roga: http://www.intecheco.ru/catalog/sbornik.html

BupeokaHan Ha YOUTUBE - https://www.youtube.com/@intecheco
Cant npombliwwneHHbIX koHepeHumn OO0 «MHTEX3KOx: http://www.intecheco.ru/
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