N°2 (2) 2014

Serhiy S.
Ryzhkov

PbnkkoB
Cepren CepreeBuu4

Liudmyla N.
Markina

MapkuHa

JTopmvna
HukonaeBHa

Nikolay V.
Rudyuk
Pynatok
Hukonan
BacunbeBu4

Yuliya V.
Zabolotnaya
3abonoTHas
Onusa
BuTtanbeBHa

WUCCJIELOBAHUA N PASPABOTKW

smi.nuos.edu.ua | smi@nuos.edu.ua §HIPBUILDING

MARINE INFRASTRUCTURE

VJIK 658.567
0 80

TESTING OF PYROLYSIS TECHNOLOGY OF ORGANIC
WASTE UTILIZATION FOR MARINE ECONOMY
COMPLEX - WASTE SUPPLY SYSTEM

INTO PYROLYSIS REACTOR

OTPABOTKA NMUPOJIN3HOW TEXHOJNTIOMNW YTUIIN3ALIUN OPTAHUYECKNX
oTXoAoB ANna MOPEXO3ANCTBEHHOIO KOMMJNEKCA - CUCTEMbI
NMnoAAYN OTXOA0B B NMNPOJIN3HbIN PEAKTOP

DOI 10.15589/SM120140207

Serhiy S. Ryzhkov C. C. PbpKKOB, JI-p TEXH. HayK, pod.
rektor@nuos.edu.ua
ORC ID: 0000-0001-9560-2765
LiudmylaN. Markina  JI.H. MapkuHa, KaH/. TeXH. HayK
liudmila.markina@nuos.edu.ua
ORC ID: 0000-0003-3632-1685
Nikolay V. Rudyuk H. B. Pymrok, cT. Hay4. coTp.
mykola.rudiuk@nuos.edu.ua
ORC ID: 0000-0003-4226-1623
Yuliya V. Zabolotnaya  1O. B. 3a00yi0THast, TEXHHUK 3-if KATETOPUH
yuliia.zabolotna@nuos.edu.ua
ORC ID: 0000-0003-4018-7677

Admiral Makarov National University of Shipbuilding, Nikolaev
Hayuonansnviii ynusepcumem xopabnecmpoenus umenu aomupana Makaposa, . Huxonaes

Abstract. The technological and structural specific features of the plunger system of organic
waste loading into the hermetically sealed pyrolysis reactor operating in a continuous mode
are discussed. Research aim is to develop the safe, eco-friendly system of organic waste
recycling which are forming in the process of maritime complex enterprises activity; to pro-
vide the continuous eco-friendly safe loading of crushed organic waste into the hermetically
sealed reactor of multistage circuit pyrolysis. The theoretical calculations on the geometry
optimization of the output nozzle installed at the output of the plunger system which forms
the cork from the loaded crushed polymers which provides the sealing of the pyrolysis reactor
are carried out. The experimental studies of nozzles in continuous operation mode of the reac-
tor are performed. The development of plunger system structure with the optimal nozzle and
simulated in 3D is completed. It is experimentally proved that the proposed optimal structure
of the outlet nozzle in the form of a truncated pyramid with conicity of 1:3 installed to the
reactor with its big base, in its low point, stably restores the technological cork in the process
of the continuous crushed polymers feeding into the medium of molten polymers, at a given
internal pressure in the reactor. The research results can be used for designing the industrial
plants on thermal recycling of organic waste with obtaining the alternative types of fuel for
maritime complexes, airports, hospitals, towns and villages, where during their industrial ac-
tivity the organic waste are formed. The established theoretical laws and structural solutions
can effectively solve the problem of designing the commercial industrial plants on the thermal
recycling of organic waste with obtaining the alternative fuels in the eco-friendly mode

K eywor ds. marine economy complex, pyrolysis reactor, organic wastes, plunger loading sys-
tem, technological cork, environmental safety of the pyrolysis process.

AnnHoranus. Pa3paboraHa u mccieoBaHa KOHCTPYKTHUBHAS CXeMa ILTYHKEPHOH CHUCTEMBI
3arpy3Ky M3MEIBUCHHBIX OPraHUYCCKUX OTXOJOB, 00PA3YIOIINXCS HA MPEANPHITUIX MOPE-
XO3IHCTBEHHOTO KOMIUTEKCa. [IpoBeIeHBI pacueThl KOHCTPYKINH TUTYH)KEPHON CHCTEMBI I10-
JTa4¥l H3MEJIBYCHHBIX MTOJMMEPOB B TOPSYHIA PEaKTOp, HCCICIOBAHBI YCIOBUS dPPEKTUBHOTO
YIUTOTHCHHS APOOJICHBIX TTOJIMMEPOB MPU MX MEPEMEIICHUH B BBIXOHOM KOHYCE IUIYHKEp-
HOW cucTeMbl. [IpemnokeHa ycoBepIIeHCTBOBAaHHAS KOHCTPYKIHMS TUTYH)KEPHOW CHCTEMBI,
KOTOpast 00ecIieunBacT HAJACKHYIO HEIPEPEIBHYIO paboTy peakTopa MHOTOKOHTYPHOTO ITUP-
KYJSIIUOHHOTO MHPOJIU3a.

KuroueBblie ciaioBa: MOpPExo3siCTBEHHBIM KOMILIEKC, MUPOJIM3HBIN PeakTop, OpraHuuecKue
OTXOIBI, ITUTYH)KCpHAs CHCTeMa 3arpy3Kd, TEXHOIOTHYecKas MpoOKa, JKOJIOTHYeCKas
0e301acHOCTh Npolecca MUPoNn3a.
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Anoranis. Po3po0ieHo 1 10CHiPKEHO KOHCTPYKTUBHY CXEMY IUTYHXKEPHOI CHCTEMH 3aBaHTa)XEHHS MOJIPIOHEHHX
OpraHiYHMX BiJIXOJiB, 1[0 YTBOPIOIOTHCS Ha MIAMPUEMCTBAX MOPETOCIOIAPCHKOro KoMIutekey. [TpoBeaeHo po3paxyHKu
KOHCTPYKIIT TUTYHXXEPHOI CHCTeMHU TIoja4i MOApiOHEHUX IOJIMEpIB y Tapsyuil peakTop, JJOCIIKEHO YMOBH
e(peKTUBHOTO YNIIJIbHEHHS POOJICHUX MONIMEPIB MPH IX MEPEMIIIEHH] Y BUXIJTHOMY KOHYCI IUTyHXXEPHOI CHCTEMH.
3anpornoHoBaHO BJOCKOHAJICHY KOHCTPYKIIIIO TTYH)KEpHOT CUCTEMH, siKa 3a0e3reuye HaliiiHy Oe3rnepepBHYy poOoTy
peakTopa 6araTOKOHTYPHOTO MUPKYJISAIIHHOTO Mipoi3y.

KurouoBi ci1oBa: Moperocrnofapchbkuii KOMILIEKC, MipOJII3HUN peakTop, OpraHiyHi BiAXOIM, IUIyH)KEpHA CHCTEMa

3aBaHTa)KCHHSI, TCXHOJIOT1YHA MTPOOKA, CKOJIOTIYHA Oe3eKa MpoIiecy Mmipoisy.
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Problem statement. The current environmental state
of the marine economy complex area in Ukraine (includ-
ing sea and river ports, shipbuilding and ship-repairing
yards, offshore drilling units etc.) is critical as scientists
and specialists have defined. Wastes which are formed
at these enterprises (up to 60.000 tons per year) are the
mix of various organic substances which influence badly
the environmental state of the Black Sea coastline. The
development and realization of the eco-friendly projects
for the marine economy complex has the strategic im-
portance and is the priority economic direction of Myko-
layiv region and Ukraine.

Latest research and publications analysis. From
the point of view of environmental safety the most per-
spective technologies for organic waste utilization are
technologies based on the multicircuit circulatory pyrol-
ysis process (MCP). The MCP is the thermal decomposi-
tion of organic wastes in the hermetically sealed oxygen-
eliminating reactor [2—4].

During the continuous operation of the MCP reactor
of organic wastes and crushed polymers, the monomeric
pressure of gas-vapor mixture is formed and it can break
into the environment at the moment of loading into the
reactor of a new portion of wastes which is unaccept-
able.

The methods of loading using the bunkers, gateways
with different types of locking devices, screws, plung-
ers are well-known. Each of them has its advantages
and disadvantages. Especially it is important under the
loading of the thermoplastic polymers, which are melt-
ing at the reactor entry under the influence of high tem-
peratures (up to 800°C) and sticking to the cold walls
of the loading devices, and it does not allow using them
without further improvement. For example, the bunkers
with gateways and screw devices are usually used for the
transportation of granular materials, and for the waste

IHocTranoBka npodaemsl. B HacTosiee BpeMs KO-
JIOTHYECKOE COCTOSIHHE TEPPUTOPHU MOPEXO3SHCTBEH-
HOTO KOMIUIEKCa YKpauHBbI, B KOTOPBIH BXOIAT MOPCKHE
1 PEYHBIE TTOPTHI, CyAOCTPOUTEIBHBIE U CYIOPEMOHTHBIC
3aBOJIBI, MOPCKHE OypOBBIC YCTAHOBKH H JIP., OPEACICHO
YUEHBIMH U CHEIHAINCTaMH KaKk KpuTHueckoe. OTXOopbl,
oOpazyrolimecs Ha 3THX mpeanpusatusix (1o 60 Teic. T/rom),
MIPE/ICTABISIIOT cO00l cMech Pa3HOOOPa3HBIX OpraHM-
YECKHUX BEIIECTB, HETATUBHO BIIMSIONINX Ha HKOJIOTHYe-
ckoe coctosHHe mobepexnsi UYepHoro mops. Pazurue
1 peann3anys 9KOJIOrHIeCKH O€30MacHBIX MPOEKTOB IS
MOPEX03SIHCTBEHHOTO KOMITJIEKCAa UMEET CTPaTernyecKoe
3HAUE€HUE M SBIAETCS MPUOPUTETHBIM HAIMpPaBICHUEM
SKOHOMUKHU HuKoIaeBIUHBI U YKPAUHBL

AHaJIM3 NMOCJEeJHUX MCCIeJ0BaHUH H myOauka-
uuid. Hanbonee nepcrieKTUBHBIMY, C TOUKH 3PEHHS KO-
JIOTHYIECKON 0e30MacHOCTH, JUI yTWIN3allui OpraHnye-
CKHX OTXOZOB MOYKHO CUATATh TEXHOJIOTHH, OCHOBAaHHBIC
Ha Tpolecce MHOTOKOHTYPHOTO IUPKYISIMOHHOTO M-
ponuza (MUIT) — TepmMuveckoM pa3iokKeHUU OpraHu-
YECKHX OTXOJIOB B TEPMETHYHOM peakTope 0e3 JocTyna
KHCIIopoia Bo3ayxa [2—4].

[Ipu menpepriBHOM pabdore peakropa MIIII opranu-
YECKHX OTXOZOB, B TOM UHCIIE NU3MEIBUCHHBIX TIOJIMMEPOB,
B HEM co37aeTcsd H30BITOYHOE AABICHHE Mapora3oBoOil
CMeCH, KOTOpasi MOXET HPOPBIBAThCS B OKPYXKAIOIIYIO
Cpely B MOMEHT 3arpy3KH B pEakTOp HOBOM MOPLUU OT-
XOJIOB, YTO HEJIOIYCTHMO.

W3BecTHBI METOIBI 3arpy3KH C HCIIOJIb30BAHHEM
OyHKEpOB, IIUIIO30B C Pa3IMYHBIMH BUAAMH 3aIIOPHBIX
YCTPOMNCTB, IITHEKOB, TUTYHXEPOB, KAKIBIN U3 HUX HMEET
CBOM [TPEUMYILIECTBA U HelocTaTku. OCOOSHHO 3TO BaXKHO
IIpU 3arpy3ke TepPMOIIACTUYHBIX MOJIMMEPOB, KOTOPHIE
IIPYU BXOJI€ B PEaKTOpP MOJ IEHCTBHEM BBICOKHX TEMIIE-
paryp (mo 800 °C) mraBATCS ¥ MPUIATIAIOT K XOJIOTHBIM
CTEHKaM 3arpy304HBIX YCTPOICTB, YTO HE IIO3BOJISIET
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supply into the gas generators [1], without high tem-
perature at the entry. The special screw supply systems
of bead polymers into the working molten zone with the
temperature up to 300 °C in the extrusions of automatic
molding machines are known. But they have a number
of features which are not acceptable for the pyrolysis
plants on polymer waste utilization. For example, they
can provide the tightness of the working zone which
is under the high pressure, but at the same time they have
low productivity. The screw pair has a short service life
which depends on the purity and type of raw materials
(granules), and it is not acceptable under the polymer
waste supply with mixture of sand and other dirt. As a re-
sult, the well-known loading structures can not be used
in the pyrolysis plants.

The most acceptable structure for the continuous
polymer waste supply into the pyrolysis reactor can
be a plunger system with the cone nozzle [2], provid-
ing the formation of the technological cork in the cone
nozzle, excluding the breakthrough of pyrolysis gases
into the environment via the loading device. Waste sup-
ply under the pressure of plunger system compacts the
crushed polymers in the technological cork and excludes
the entry of toxic gases into the environment via the tech-
nological cork. The technological cork is restored at each
new potion of waste supply into the reactor. The extra
cooling of cone nozzle body excludes melting of the
polymer waste in it. These wastes form the technological
cork, which is very important in case of full-stop of the
new portion of waste supply into the reactor in emergen-
cy situations [3, 4].

The plant of polymer waste utilization with alterna-
tive fuels generation developed on the basis of National
University of Shipbuilding is planned to be implemented
into the enterprises of the marine economy complex.
At the same time, this plant needs the development
of technological modes, knots and units to provide the
environmental safety, economic feasibility and energy
efficiency. This plant can be used at the sea ports and
other shipbuilding enterprises of the marine economy
complex [5]. The total average volume of organic wastes
at different enterprises of marine economy complex
is from 8.0 to 25 tons per day. The volume of polymer
wastes is 1.0...5.0 tons per day, and for their further utili-
zation it is reasonable to develop the number of plants with
the raw material capacity of 1.0; 3.0; 5.0 tons per day.

The article aim is to develop the reliable and en-
vironmentally safe utilization system of organic wastes
formed in the process of enterprise activity of the marine
economy complex in order to provide the continuous
environmentally safe loading of crushed organic wastes
into the hermetically sealed reactor of the multicircuit
circulatory pyrolysis.

Basic material. The enterprises modernization strat-
egy of the marine economy complex for the improve-
ment of the environmental level and infrastructure self-
sufficiency involves the improvement of technologies
and the MCP plant structures which provide the utiliza-
tion of organic wastes formed in the process of the com-
plex enterprise operation. The modernization program
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UCIIONB30BaTh MX B JalibHEHIIEeM 0e3 yCOBEpIIEHCTBO-
Banus. Harpumep, OyHKepbI CO LIUTI03aMH M IITHEKOBBIC
yCTpOMCTBa MPUMEHSIOTCS B OCHOBHOM JJIsl TPAHCIIOP-
THUPOBKH CBHIITyYHX MaT€pPHaAJIOB, B TOM YHCIIE U JUIS [10/1a-
YH OTXOJIOB B I'a30TeHEPaTopsl [ 1], B KOTOPBIX IIPU BXOJE
OTCYTCTBYET BBICOKasi TeMmIieparypa. M3BecTHBI crenu-
AJBHBIC IITHEKOBBIC CUCTEMBI ITOJaYH TPAHYIHPOBAHHBIX
MTOJIMMEPOB B PabOUyIO 30HY paciuiaBa C TEeMIIEPaTypoit
110 300 °C B 3KCTpyaepax TEPMOILIACTABTOMATOB, HO OHU
HUMEIOT psifi 0COOCHHOCTEH, KOTOPBIE HEPHEMIICMBI JIJIs
MTUPONTN3HBIX YCTAHOBOK IO YTHJIM3AINN TTOIUMEPHBIX
oTxonoB. Hampmmep, oHM MOTYT 00ecIleuuTh TepMe-
TUYHOCTH paboyeil 30HBI, HAXOIIICHCS MO BHICOKHM
JaBJICHUEM, HO MIPU 3TOM OTIHYAIOTCS MaJoOi TPOU3BO-
JTUTETHHOCTHIO, a IIHEKOBas Iapa MMEET MaJblii CPOK
CJ'[y)K6BI, KOTOpI)II\/’I 3aBUCHUT OT YUCTOTHI U BUJA CBIPbI —
TpaHyJ, YTO HENIPHUEMIIEMO ITPU 1TOAa4Y€ IMMOJIMMEPHBIX OT-
XOJIOB C IPUMECSIMU TIecKa U Apyroi rpsizu. Takum oOpa-
30M, U3BECTHBIC KOHCTPYKLIUH 3arpy3KH HE MOTYT OBITh
HCIIOJIb30BaHbI B TUPOJIM3HBIX YCTaHOBKAX.

Haubonee npuemiieMoli KOHCTPYKITMEH I HEmpe-
PBIBHOHM TO/IQYM TOJMMEPHBIX OTXOIOB B IMHPOJIN3HBIN
peaxkTop MOXeT OBbITh ILTyH)KepHasi CHCTEMa C KOHYCHOM
Hacajkoi [2], obecnieunBaromieit 00pa3oBaHNE TEXHOIO-
rU4Yeckol MpOoOKM B KOHYCHOM HacaJike, NCKIIIoYast IIpo-
PBIB MMUPOJIM3HBIX T'a30B B OKPYKAIOUIYIO Cpedy depes
3arpy3o4Hoe ycTpoiictBo. [lomaga oTX0m0B mOx maBire-
HUEM IUTYH)KCPHOU CHCTEMBI YIDIOTHIET H3MEIhUCHHBIC
MOMMEPBl B TEXHOJOTHYECKOW MPOOKe, WMCKIIIOYaeT
MIPOHNKHOBEHHNE B OKPYKAIOIIYIO CPEIy TOKCHYHBIX Ta-
30B Yepe3 TEXHOIOTHIECKYTo TPoOKy. TexHomormueckas
mpoOKa TpH KakJOH HOBOW TMOPIHHU OTXOMOB, MOAaBae-
MBIX B PEaKTOp, BOCCTaHABIHMBACTCS. J[omomHUTEIRHOE
OXJIQXKJICHUE KOpIyca KOHYCHOW HACaJKH HCKIIOYaeT
pacriaBiIeHHE B HeH ITOIMMEPHBIX OTXOJI0B, CO3/IAI0IINX
TEXHOJIOTHUECKYIO TPOOKY, YTO OCOOCHHO Ba)KHO HpHU
OCTaHOBKE IIOJa4M HOBBIX MOPLMI OTXOLOB B PEaKTOp
IIpY aBapUHHBIX CUTyanusx [3, 4].

Paspaborannas Ha 0ase HarmoHanpHOTO yHHUBEp-
cureTa KOpaOJIeCTPOEHHs YCTaHOBKA I10 YTHJIHM3ALUH
MOJIMMEPHBIX OTXO/OB C MOJYYCHHUEM aJbTEPHATHBHBIX
TOIUIMB TUIAHUPYETCS JJIsl BHEAPESHUS Ha MPEITPHUITHIX
MOPEXO03sIHCTBEHHOT'0 KOMILIEKCa, IIPH 9TOM yCTaHOBKa
HYXJIaeTCsl B OTPA0OTKE TEXHOJOTHYECKUX PEXKHUMOB,
y3JIOB M arperaroB st 0OECIEUeHHs] IKOJIOTHYECKOH
0€301acHOCTH, JKOHOMHYECKOW  IeJIecO00pa3HOCTH
1 3HepreTudeckoi apdexruBHOCTU. [laHHAS YCTaHOBKA
MOXKET IKCILTYaTHPOBATHCS B MOPCKHX TOPTaX U APYTHX
CYIIOCTPOUTENFHBIX TPEANPHATHIX MOPEXO3SHCTBEH-
HOro KoMmrurekca [5]. OOmmuil cpemHecTaTHCTHYCCKUI
00beM 00pa3yIOMMXCs OPraHWYECKUX OTXOIOB Ha pas-
JUYHBIX TPEATPHATAIX MOPEXO3SHCTBEHHOTO KOMILICK-
ca cocrasmser ot 8,0 1o 25 T/cyT, U3 HUX NOIUMEPHEIC
otxofs! cocTaBisioT 1,0...5,0 T/cyT. s ux yTHIHu3am
B TMEpCHEKTUBE IlesiecooOpa3Ho pa3padarhiBaTh THIIO-
HOMMHAJIbHBIN pAA YCTAaHOBOK NPOU3BOAUTCIIBHOCTBIO
o ceipsio 1,0; 3,0; 5,0 T/cyT.

HEJIb CTATBU — pa3paboTka HaJeKHOH, SKOIIO-
rudecku 0e30MacHOW CHUCTEMbI YTHIIM3AlUU OpraHuye-
CKHX OTXOJIOB, O0OPa3yIOIIMXCS B IMPOIECCe JAEATEIFHOCTH
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provides the rational heating and energy resources sup-
ply of the objects of the complex using the obtained al-
ternative fuels from the polymer wastes. It is especially
urgent for the enterprises located far from the basic urban
infrastructure.

To provide the continuous operation of the MCP plant
in the environmentally safe mode it is necessary to supply
a new portion of the crushed polymers continuously into
the hermetically sealed reactor according to the polymers
decomposition. But one problem appears: at the moment
of supplying a new portion of wastes it is necessary
to compact them maximally and remove air, this means
to minimize maximally the amount of oxygen which can
cause an explosion in the contact with the heated reac-
tor. Also it necessary to ensure the hermiticity of the re-
actor which is under the pressure up to 0.15 MPa and
exclude the breakthrough of the toxic gas mixture into
the environment. The research of pressing force of the
plunger system of crushed polymers (2-20 mm in diam-
eter) in the different cone nozzles have been carried out.
This research was carried out in order to optimize the ge-
ometry of output nozzle and polymer cork formed by the
various fractions of crushed polymers. It was performed
on the Ecopir-18 MCP plant (Fig. 1).

This plant provides deep and thermal decomposition
of macromolecular polymer wastes obtaining the light
fractions of liquid fuel at the output which can be used
in the power supply systems of the enterprises of the ma-
rine economy complex. If we change the temperature
mode of multicircuit circulatory system, we can get the
liquid fuel, which is similar to petrol or diesel oil. To test
the technological modes which are close to the industrial
technologies, the plant was equipped with the plunger
system (Fig. 2, 3) which provided the continuous opera-
tion mode.

The plunger loading system [2] (see Fig. 2) includes:
a loading bunker 9 built on the plunger device, a pis-
ton 10 which is in the structure of the loading system
and provides the formation of the raw materials stream

Fig. 1. The Ecopir-18 MCP Experimental Plant with Plunger
System of Continuous Polymer Waste Supply into the Reactor

Puc. 1. DxcriepuMeHTaNbHAs YCTAHOBKA MHOTOKOHTYPHOTO IIHP-
KyJISIIIMOHHOTO MHPOJIH3a DKOmup-18 ¢ ITyHkKepHOH CHCTEMOM
HENpPEePBIBHOH MOJIA4H TTOIMMEPHBIX OTXO/IOB B PEAKTOP
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MIPEIPUATHIT MOPEXO3SIHCTBEHHOTO KOMILIEKCA, C LIEIbI0
oOecrieucHHs HEMPEPHIBHOM YKOJIOTUYCCKH OE30MacHOi
3arpy3Ky M3MENBYEHHBIX OPraHMYECKUX OTXOJIOB B Tep-
METHYHBIH PEaKTOP MHOTOKOHTYPHOT'O [IMPKYJISIIIMOHHO-
TO MTUPOJIH3A.

H3noxenue ocHoBHOro Mmarepuana. Crparerns
MOJICpPHH3AIMH TIPEAIIPUSTHH MOPEX03SHCTBEHHOTO KOM-
TUIEKCa TS TTOBBIICHUST HKOJIOTHYECKOTO YPOBHS M CaMo-
obecrieuenust HHQPACTPYKTYPBI TIPEIIONaracT COBEPIICH-
CTBOBAHHUE TEXHOJIOTUHU U KOHCTPYKIMH ycTaHOBOK MIIIL,
o0ecreunBaomuX YTHIN3ANNI0 OPTaHNIECKUX OTXOJIOB,
00pa3oBaHHBIX B TIporiecce (YHKIMOHUPOBAHHSA MpeI-
NpUATUH KOMIUIEKca. B paMmkax mporpamMmbl MOJEpPHU-
3aIMU TIPEAYCMOTPEHO PALMOHAIBHOE TEIIIOCHAOKEHHUE
n o0ecrieueHne YHEPreTHUECKIMH PECypcaMu OOBEKTOB
KOMIUIEKCA C HCIIOJB30BAaHUEM IOJTy4aeMbIX albTepHa-
THUBHBIX TOTUIUB M3 OTXOAOB MOJIMMEPOB. OCOOEHHO 3TO
AKTYaJIBHO JUISl IIPEAIIPUATUH, PACIIOIOKEHHBIX B yaie-
HUM 0T 0a30BOU TOPOACKON HHOPACTPYKTYPHI.

Jnst obecrieyeHns: HENPEepbIBHOM paboThl yCTaHOB-
ku MIIIT B 3konormuecku OE30MacHOM pexUMe HEoO-
XOJMMO MO MEpe TEPMUYECKOTr0 Pa3JIOKEHHMs TTOJIMMe-
POB B T€PMETHYHOM pPEAKTOPE HENpPEPHIBHO MO/aBaTh
BHYTpPb HETO HOBYIO TIOPIHIO BBIXOTHBIX U3MEIBUCHHBIX
OTXOIOB IOJMMEPOB. [Ipu 3TOM BO3HMKaeT mpobdiema:
B MOMEHT I10/Ia9¥ HOBOH MOPIMH OTXO0B HEOOXOIMMO
MaKCUMaJIbHO MX YIUIOTHHUTH W yNAIWTh U3 HUX OCTar-
KM BO3/yXa, COOTBETCTBEHHO, MaKCHMalbHO YMEHb-
AT KOJMYIECTBO KUCIOPO/a, KOTOPBIH MPH TOTAaHUH
B pa3orpeThlii peakTop MOXET BbI3BaTh B3pbIB. Bmecte
¢ TeM He0OXOANMO 00eCIIeYUTh TePMETHIHOCTh PEaKTo-
pa, KoTopsIit HaxomuTcs mof nasieHueM 1o 0,15 Mlla,
1 UCKIIIOUUTH IIPOPBIB U3 HETO B OKPY’KAIOLIYIO Cpemy
TOKCHYHOMH mapora3oBoit cMecu. C 1eNbi0 ONTUMH3AINN
TEOMETPHH BBIXOJHOW HACaJKH M, COOTBETCTBEHHO, MO-
JIMMEpHOU MPOOKH, 00pa30BaHHON pazIMYHBIMU (pak-
IUsAMHA HU3MEJIBYCHHBIX TMOJMMEPOB, 6BI.]'II/I ITPOBEACHBI
HCCIEI0OBAHMs YCUIIMI CXKATUsl ILUIYH)KEPHOM CUCTEMOM
M3MENBUCHHBIX MOJIMMEPOB pa3MepoM oT 2 1o 20 MM
B pas3/IMYHbIX MCXOAHBIX KOHYCHBLIX HacCaJKax. Hccne-
JIOBaHUS TIPOBOAMIIMCH HAa YCTAHOBKE MHOTOKOHTYPHOTO
LHUPKYJSIIIHOHHOTO mupou3a Dxonup-18 (puc. 1).

VYeranoBka oOecrieuuBaeT NIyOOKOE TEPMUYECKOE
PpasioKEeHNEe BHICOKOMOJIEKYIISIPHBIX MOJINMEPHBIX OTXO-
JIOB C TIOJly4EHHEM Ha BBIXOJIE JIETKHUX (ppakumii >KkuaKo-
TO TOIIIMBA, KOTOPOE MOXKET MCIOJIb30BAThCS B CHCTEMAX
9HEProoOecIICUeHUs MPEANPUSTHH MOPEXO3sHCTBEHHO-
ro KomIuIekca. M3mMeHsis TemMiieparypHblid pe>KUM MHOTO-
KOHTYPHOH IHMPKYJISIIMOHHON CHCTEMBI, MOXXHO TIOJY-
4aTh KUAKOE TOIUIMBO C XapaKTEPHCTHKAMH, OJIN3KUMHU
K OCH3MHY WJIH JU3eIbHOMY TOIMBY. [ly1si 0TpaboTKH
TEXHOJIOTHUECKUX PEXKUMOB, OTM3KUX K MPOMBIIIIICHHOH
TEXHOJIOTHH, yCTaHOBKa ObLTa CHaOXXEHA IUTyH)KepHOU
cucTeMoi (puc. 2, 3), kKoTopas obecrieanBana HelpephIB-
HBIA peXUM paOOThI.

[TnymxkepHas cuctemMa 3arpy3ku [2] (cM. puc. 2) ume-
eT OyHKep 3arpy3Ku 9, CMOHTHPOBaHHbIH Ha [Ty H)KEPHOM
YCTPOICTBE, B KOPITyCE CUCTEMBI 3arpy3KH PaclooKeH
noprreHs 10, obecneunBarommii pOopMUPOBaHKUE TOTO-
Ka CBIPbs, K HEMY IPHCOCIAWHEH MOABIXHBIA mrTok 11
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with a movable stock 11 of the hydraulic cylinder 12
of 2-directional operation which provides: nominal pres-
sure — 16 MPa; maximal pressure — 20 MPa; standby
pressure (no more than) — 1.5 MPa; pushing force
on the stock — 80 kN; down stock force — 60 kN, stock
diameter — 40 mm; piston stroke — 400 mm.

The output nozzle 13 of the plunger system is per-
formed in the form of truncated pyramid which is con-
nected to the reactor 1 with the help of its smaller base.
Due to the cone nozzle under the solid crushed waste
supply into the heated reactor the maximum compaction
of formed raw materials stream is generated. This nozzle
construction allows removing the rests of the air from
the raw materials. As a result the technological raw cork
is formed and pressurizes the reactor, and does not al-
low passing of the gas-vapor mixture into the environ-
ment, which provides the operation of the plant in the
eco-friendly mode.

To study the efficiency of the reactor hermetic seal-
ing the number of output nozzles was developed and pro-
duced which provided the formation of the technological
recoverable cork from polymers at the output of plunger
system. The necessary reactor hermiticity will be provid-
ed under the supply and compression of the polymers.
The recoverable cork is a formed (compressed) stream
of raw materials which moves into the reactor under
the supply of the new portion of polymers. And as the
result of pushing force of the plunger system the new
portion of raw materials is formed into the new cork —
it is a continuous process. The variants of the initial cone
nozzles are shown in Fig. 4. Piston stroke is 185 mm.

-—--Hﬂ[
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rugpoumiinHapa 12 1BYXCTOPOHHEro NeHCTBHS, KOTO-
pBIfi oOecrieunBaeT: HOMUHaNBHOE naBieHue 16 Mlla;
makcumaiasHoe nasienue 20 MIla; gaBieHue X010CTOro
xona (ae 6omnee) 1,5 MIla; Tonkaromniee yCuiie Ha IITO-
ke 80 xH; ycunme obparHoro xoma mroka 60 kH, ana-
MeTp mroka 40 Mmm; xon nopiras 400 Mm.

Brexognas Hacamka 13 mmyH)XKepHOTO yCTpOWCTBa
BBITOJIHEHA B BUJIE YCEUEHHON MMPaMHU/IbI, KOTOpask CBO-
el MCHBIIICH 0CHOBOW coemnHeHa ¢ peakTopoM 1. 3a cuet
KOHYCHOH HacaJK{ MPH MMoja4de TBEPABIX N3MEITBICHHBIX
OTXOJIOB B HarpeThlil peakTop CO3A4aeTCsl MAKCUMAJIbHOE
YIUTOTHEHHE C(POPMHUPOBAHHOTO TIOTOKA CHIPhS. Takas
KOHCTPYKIIMS HACAIKH MO3BOJISIET YIaIUTh OCTAaTKH BO3-
JIyXa M3 ChIPbsI, IPU 3TOM 00pasyromascst TeXHOJIoTrnie-
CKas ChIpheBas MPoOKa repMETU3UPYET PeaKTop, HE MOo-
3BOJISAS IPOXOAUTH IIAPOTa30BOil CMECH B OKPYIKAIOIYIO
cpemy, 9To o0ecrnednBaeT paboTy YCTAaHOBKH B DKOJIOTH-
YeCcKH 0E30M1aCHOM PEKUME.

Juis  umccnenoBaHus AS(PPEKTHBHOCTH TepMETH3a-
LIUU peakTopa ObUT pa3paboTaH M U3TOTOBICH Psij KOH-
CTPYKLMH BBIXOJHBIX HACaJ0K, KOTOpbIE 00eCIIeunBaIIH
o0Opa3oBaHME Ha BBIXOZE IUTYH)KEPHOW CHCTEMBI TEXHO-
JIOTHYECKOW BOCCTAHABIIMBAIOIIEICS NPOOKU M3 IOJIH-
MEpOB, TIPU Tofla4e W CXKATUU KOTOPHIX OymeT obecrre-
YUBAThCSI HEOOXOMUMasl TePMETHYHOCTh peakTopa. [lox
BOCCTaHABJIMBAIOLIEHCSl MPOOKON MOHMMaIOT chopmu-
PpOBaHHBIN (YIIIOTHEHHBIH) MOTOK CHIPHS, KOTOPBIA IpH
rojjade HOBOI MOPIMM MOIUMEPOB MPOJABHUraeTcs B pe-
aKTOp, a B Pe3yIbTaTe TONKAIOIINX YCHIHH TUTYH)KEPHOM
CHCTEMbI HOBasi TIOPLHsI ChIPbs (YOPMUPYETCSI B HOBYIO

T

——— CKT

Fig. 2. Block-Scheme of the Ecopir-18 Multicircuit Circulatory Pyrolysis Plant:

Puc. 2. brok-cxema ycTaHOBKM MHOTOKOHTYPHOTO LIUPKYIALMOHHOTO MHPOIn3a DKonup-18:

1 — reactor /| peakrop; 2 — plunger system of waste supply into the reactor /TuyHXepHas CUCTEMa TOIa4l OTXOIOB B PEAaKTOP;
3 — three-stage circulatory system / TpPeXKOHTYpHAas IMPKYJSILIUOHHAS cUCTeMa;, 4 — output condenser / BBIXOTHON KOHICHCATOP;
5 — clarifier / pa3znenutenbHas eMKOCThb; 6 — post-combustion burner / ropenka noxwura; 7 — liquefied gas burner / ropenka
CKMIKEHHOTO ra3a; 8 — liquefied gas cylinder / 6amnon cxmkeHHOro ra3a; 9 — loading bunker / Oyukep 3arpysku; 10 — piston /
nopiteHb; /1 — movable stock / nogBwxkHblii TOK; 12 — hydraulic cylinder / ranpouwnmunp; 13 — nozzle / Hacanka.

Streams / Tloroku: O — loaded polymer wastes / 3arpyxaembie noaumepHbie otxoabl; [1I'C — gas-vapor mixture / mapora3zosasi cMecChb;
BO, — liquid cooling / Bonsnoe oxnaxnenue; BO, — air cooling / Bo3nymnoe oxnaxenue; I1I' — pyrolysis gas / muponusubiii ras;
I — fume gases / neimoBsie rassl; KT — liquid fuel / sxunxoe torumuso; COKI' — liguefied gas / cxxmKeHHbII Ta3
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Fig. 3. Loading Plunger System (3D model)

Puc. 3. [Inymkepras cucreMa 3arpysku (3D-monens)
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Fig. 4. Variants of Output Nozzles of Plunger System of Poly-
mer Wastes Supply into the Gas Environment of Hermetically
Sealed Reactor:

Puc. 4. BapuanTtbl BBIXOIHBIX HACAI0K IIYHKEPHOU CUCTEMbI
10JIa4¥ MOJIMMEPHBIX OTXO0B B ra30BYIO CPEly FepMETUYHOIO
peakropa:

a) — the first variant of the output nozzle with the 1:3 conic-
ity / IepBbIi BApUAHT BBIXOAHOH HACAJKM C KOHYCHOCTBIO 1:3;
b)—6) —the second variant of the output nozzle with 1:10 conic-
ity / BTOpOH BapHaHT BBIXO/IHOI HAacaIKu ¢ KOHYCHOCTBIO 1:10;
c)—8) — the third variant of the output nozzle with 1:10 coni-
city and nozzle on the front plate of the piston / TpeTHii BApHaHT
BBIXO/IHOM HAacaJKU ¢ KOHYCHOCTbIO 1:10 M ¢ HAaKOHEUHUKOM
Ha TiepenHed mmre mopmmHs; [ — hydraulic cylinder /
THIpOIWIHHAD; 2 — front plate of the piston / nepemHsist IUIATA
TopIHs; 3 — output nozzle of the plunger system | BeIXomHas
HacaJka IUTyHXXEpHOW cucteMsl; 4 — stud on the front plate
of piston / BBICTYN Ha TIEPEAHEH IUINTE MOPILIHS

N°2 (2) 2014
NCCJIELOBAHNA N PASPABOTKA

poOKy — JIaHHBIN MPOIIeCC HEeNPEPHIBHBIA. BapuaHTh
MCXOJHBIX KOHYCHBIX HACaJIOK IPE/ICTABIICHBI Ha pHC. 4.
Pabouwnii xox mopHs coctanisit 185 M.

Ha puc. 4,a npencraBiieH nepBblii BAapHaHT MCXOJ-
HOW HacaJKH B BUJIC YCEYECHHOH MUPaMUJIbI C KOHYCHO-
ctbio 1:3, Bropoii BapuaHT Hacajiku (puc. 4,6) — yce-
YyeHHas nupamuga ¢ koHycHocThio 1:10. Crnemnyromum
KOHCTPYKTHBHBIM PEIICHHEM ObLJIO 3aKperuIeHHe Ha T1e-
peaHel TUINTe MOPINHS TUIYH)KEPHON CHCTEMBI BBICTYIIA
B BHJIE yCE€UYEHHOH mupamusl (puc. 4,6, puc. 5) ¢ Ko-
HYCHOCTBIO 1:3, a BBIXO/IHAsI HacajKa IUTyH)XEPHOU CH-
CTEMBI BBINTOJIHEHA ¢ KOHYCHOCTBIO 1:10. Bee BapuaHThI
KOHCTPYKIMH BBIXOJJHBIX KOHYCHBIX HAaCa/I0K ObIIH pac-
CUUTAHBI M SKCIIEPUMEHTAILHO UCIIBITAHBI HA yCTAaHOBKE
MUIT Dxonup-18.

Jlnst jneTanbHOTO MCCIIEJOBAHMSI MPOLIECCOB, IIPO-
UCXOSIIUX TPU CXKATHH W3MEJBUCHHBIX ITOJIMMEPHBIX
OTXOZIOB B BBIXOJIHOWM KOHYCHOM Hacajke, co3naHa ¢u-
3M4ecKasi MOJICNb CBIPbs, KOTOpasi MPEJICTaBIsIET CO-
001 CcXKaTylo IUIaCTHYECKU Je(hopMHPYyEeMyIO0 CHUCTEMY
CTPYKTYPHO-HEOTHOPO/IHBIX, IJIOTHO YNAaKOBaHHBIX 4Ya-
CTHI[ TIOJIMMEPOB PA3IMYHON M30METPUYECKON (OpPMBI.
[TnacTHYHOCTh W3MEJIBYCHHBIX ITOJMMEPHBIX YaCTHII
IIPU  XOJOIHOM TUIACTHYECKOH JeopManuy 3aBHCUT
B OCHOBHOM OT PEXHMa IIPECCOBaHUSI.

[Tox pexxnMoOM HpeccoBaHUS MOHUMAIOT BEIUYUHY
nasnenust 16...20 MIla, co3maBaeMoro ruapoOLMIHH-
JIPOM; TIPOJIOJIKUTENLHOCTh MpeccoBanust — 15...45 ¢;
YCIIOBUSI IPHIIOKEHHUST JABJICHUSI — CO CTOPOHBI ITOPIITHS
10 OCH HAcaJIKW; XapakTep NPHIOKEHHs yCUINH — Ha-
pacraromuidi. YacTHIbl M3MENIBYEHHBIX MOJIMMEPOB MO-
cie geopMany NpUHUMAIOT (POPMY MHOTOTPAHHUKOB,
a B CMeCH 00pa3yIoT PeryiisipHble CTPYKTYPbl — pEelIeT-
k1. B y3nax pemerku pacnonaratorcs ae(ekTsl — Mopshl,
3aIoJIHEHHBIE Ta30BO3LyIHON (hasoi. CtpykTypa dop-
MHUPOBaHHMS TIJIACTa CHIPbS B IPOIIECCE YIUIOTHEHUS MTPHU-
BesieHa Ha puc. 6. [Ipenmonaraercs, 4To Bce TETpasyaphl,
KpOME MPE/ICTABISIONIEr0 BO3MYIIHYIO MOPY, SBISIOTCS
YKECTKUMH TeJaMH U MOTYT IepeMenaThCsi OTHOCHTEIb-
HO JPYT JIpyra B pe3ysibTare MpPUIIOKEHHs TOJIKAIOMINX

Fig. 5. Piston of Plunger System of Polymer Wastes Supply
with Truncated Pyramid on the Front Plate (Variant 4, c)

Puc. 5. IlopuieHs miIyHXepHOH CUCTEMBI [TOJa41 TOTUMEPHBIX
OTXOJIOB, Ha MIEPEeIHEH IIUTE KOTOPOro 3aKpeIIeHa yCeUeHHAs
nupamusa (BapuaT 4, g)
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In Fig. 4,a the first variant of the initial nozzle
in the form of the truncated pyramid with the 1:3 conic-
ity is shown, the second variant of the nozzle (Fig. 4, b)
is the truncated pyramid with 1:10 conicity. The next
constructive solution was to fix the stud in the form
of the truncated pyramid (Fig. 4,c, Fig. 5) with the 1:3
conicity on the front plate of the piston of plunger sys-
tem. The output nozzle of plunger system is performed
with 1:10 conicity. All variants of structures of output
cone nozzles were calculated and experimentally tested
on the MCP Ecopir-18 plant.

For detailed study of the processes, during the com-
pression of crushed polymer wastes in the output cone
nozzle, the physical model of raw materials is devel-
oped. It is a compressed plastically deformable system
of structurally non-uniform, close-packed polymer par-
ticles of different isometric form. The plasticity of the
crushed polymer particles under the cold plastic defor-
mation depends on the mode of pressing.

The mode of pressing is understood as the pressure
of 16...20 MPa, produced by the hydraulic cylinder; the
pressing time is 15...45 sec; the conditions of pressure
appliance are from the piston side along the nozzle axis;
the nature of the force application is increasing. The par-
ticles of crushed polymers after the deformation take
form of the polyhedrons, and in the mixture they form
regular structures — lattices. In the nodes of lattice there
are defects — pores, filled with gas-air phase. The forma-
tion structure of raw materials in the compaction process
is shown in Fig. 6. It is supposed that all tetrahedrons,
except those which represent the air pore, are the solid
bodies and can move relatively to each other as a result
of application of pushing force and sliding on its faces,
on which normal and tangential stresses operate. All ele-
ments of plastically compressed raw material have ho-
mogeneous properties and form the rigid plastic frame
together which cover a certain volume Q:Q ; Ucop, where
o, is the volume of particle of raw materials; o, is the
volume of the gas-air pore.

These assumptions are in the basis of calculations
of the ANSYS program complex. The problem to solve
is to define the effective compaction of the plunger sys-
tem of the technological cork (consisting from the solid
crushed thermoplastic polymer wastes). The 2D models
of output nozzles of waste supply plunger system in the
form of truncated pyramids are developed. The design
features of these pyramids are shown in Fig. 4. The cal-
culation was performed after fullfilling of the loading
system with raw materials in one piston stroke operation.
The maximum compaction of the hydrocylinder (taking
into account the design features of the piston front plate
with transposition of 185 mm) is the necessary condition
of compaction of raw materials. According to this cal-
culation, in the finite point of piston stroke the system
is closed, the raw materials are distributed and fill the cav-
ity of the output truncated pyramid as a result of hydro
cylinder pressure. Thus, the technological cork is formed
from the raw materials supplied into the reactor. The walls
of the output cone are rigidly fixed in the two planes which
excludes their transposition in the result of deformation.
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Fig. 6. Formation Structure of Raw Materials in the Compac-
tion Process

Puc. 6. Ctpykrypa GopMupOBaHHS CHIPhs B MPOIECcCe YILIOT-
HEHUs

YCUIAMH M CKOJBKEHUS TI0 CBOMM TI'paHSM, Ha KOTOPBIX
JCHCTBYIOT HOPMaJbHBIE M KacaTeIbHbIC HANPSLKCHHUS.
Bce 3BeHBs NIACTHYECKH C)KATOTO CHIPbS MMEIOT OJIHO-
POIHBIE CBOMCTBA M BMECTE 00Pa3yIOT KECTKUN TIACTH-
YeCKUIl KapKac, 3aHUMAIONINH OIpPeICTCHHBI 00heM
Q= ® /.Ump, e o, — 00bEeM JacCTHIIbI CHIPHS; o, — 00b-
€M T'a30BO3LYIIHOM MOPBI.

JlaHHBIE TIPEIIOIOKEHHS TIOJIOXKEHBI B OCHOBY pac-
4eToB B mporpamMmmMHOM komiiekce ANSYS. Tlocrasie-
Ha 3ama4a: omnpeneicHue >(PQGEKTHBHOTO YIUIOTHEHUS
IUTYH)KEPHOW CHCTEMOM TEeXHOJOTHYECKOH TpoOKu (co-
CTOAIIEH N3 TBEPIBIX N3MEIIBIEHHBIX TEPMOIUIACTHYHBIX
MTOJIMMEPHBIX 0TX010B). Paspaboransr 2D-Monenu BHI-
XOJHBIX HAaKOHEUHUKOB ILUTYHXEPHOW CHCTEMBI HOIAYH
OTXOJIOB B BHJIC YCEUEHHBIX MMPAMHUJI, KOHCTPYKTUBHBIC
0COOEHHOCTH KOTOPBIX M300pakeHHI Ha puc. 4. Pacuer
MIPOBOJIMIICSI C MOMEHTA TTOJTHOTO 3aIOJHEHHS CHCTEMBI
3arpy3KH CHIPEM B MPOLIECCE OAHOTO XOIa IOPIIHS.
VYcrmoBueM oOecriedeHnsT HEOOXOTUMOTO YIUIOTHEHUS
CBIPBSl OBIIO B3ATO MAKCHMAJIbHOE YIUIOTHEHHE THAPO-
LUINHIPA C YYETOM KOHCTPYKTHBHBIX OCOOCHHOCTEH
nepenHel MIMThl NOPIIHS, NEpEMELIEHHE KOTOPOMl co-
crasnseT 185 mm. CormacHO pacueTy, B KOHEYHOH TOUKE
XO0J[a TIOPIIHS CHCTEMA 3aMBIKAETCsI, CHIPBE B PE3YNIBTATE
CO31aBaEMOTO THAPOLMINHIAPOM JAABJICHHUS paclpesie-
JISIETCS ¥ 3aIIOJTHAET MOJIOCTh BBIXOIHOHN YCEUEHHOH MH-
pamuel. TakuM 0O6pa3oM, IPOUCXOIUT (POPMUPOBAHKE
TEXHOJIOTHUECKOW POOKH 13 CHIPBS, OABAEMOTO B pe-
akTop. CTECHKH BBIXOJHOTO KOHYCa JKECTKO 3a(HKCHPO-
BaHbI B IBYX IUIOCKOCTSIX, YTO UCKIIFOYAET X MEpeMelIe-
HHUE BCIIEACTBHE NedopManni, (IaHIIeBbIe COCIMHEHU
B pacyeTax He YUUTHIBAINCE, I0O3TOMY BCSI KOHCTPYKIIHS
SIBISIETCSI CIUTOITHOW. JlaHHBIE YTOUHEHUS HE BIMAIOT Ha
KOHEYHBIH PE3yNbTaT, TOTOMY YTO HE MPHHUMAIOT yda-
cTHsA B (POPMHUPOBAHUH CHIPHEBOI MPOOKH.

B pacuere Oblna MCTONB30BaHA MOAETH Marepuaa
C MEXaHMYECKHMH CBOICTBAMU H3MEIBUEHHOTO MOJIHU-
striieHa (Tabu. 1). Celpbe MOCTymaeT B CHCTEMY 3arpy3KH
B U3MEJIBUCHHOM BHJE. DTO NMPEAYCMAaTPUBACT CO3IAHHUE
ra30BO3LYIIHBIX MO B chopMHpOBaBIIIEiicss Macce ChIPhS,
YTO, B CBOIO OUEPE/Ib, BIMACT HA MEXaHMUECKHE CBOICTBA
TEXHOJIOTHYECKOH TPOOKH. 3HaueHWEe MaKCHMalbHOU
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The flanged connections are not taken into the account,
so the whole structure is continuous. These amendments
do not influence the finite result, because they do not take
part in the formation of a raw cork.

The model of material with mechanical properties
of crushed polyethylene was used in the calculations
(Table 1). The raw materials are supplied to the loading
system in the crushed form. This provides the forma-
tion of gas-air pores in the formed mass of raw materials
which affects on the mechanical properties of the tech-
nological cork. The maximum density of the cork with
a corresponding minimum effort of the piston is achieved
at full movement of air from the raw materials. Accord-
ing to the problem it is necessary to define the minimum
force of the piston, so the technological cork is consid-
ered as an integral body with isotropic properties which
include the constant physical properties of the raw ma-
terials in all directions and the symmetry with respect
to the choice of direction of mechanical transposition.

The calculation was carried out by the finite element
method (FEM), which allows solving (approximately
and numerically) a wide range of physical problems and
is mathematically formulated in the form of differential
equations system. This method is used in the analysis
of the stress strain state of the technological cork struc-
ture. The initial object for the FEM appliance is a mate-
rial body (in general, it is an area characterized by the
continuous concentration of packed raw materials, in this
case — the technological cork) which is divided into
pieces in the form of the finite elements (FE) (Fig. 7).

As a result of lay-out the net of element boundaries
was developed. The intersection points of these boundar-
ies form the nodes. The extra nodal points can be formed
inside the elements. The set of all finite elements and
nodes is the main finite element model of the deformed
body; it is called the technological cork. The line-elastic
problem of deformation of the compacted technological
cork was considered. It is assumed that the finite ele-
ments communicate only via the common nodes. The
internal distributed forces operating on the boundaries
of the element are replaced by the statically equivalent
nodal forces which determine the vector of element nod-
al forces {F} . The matrix equation of element hardness
of the technological cork is shown as follows:

Vanosele
CHIIBI

L]

Koneunnie
3MEMEHTEI

Cusl

Fig. 7. Lay-out Scheme of Material Body of Packed Raw Mate-
rial (Technological Cork) on the Finite Elements

Puc. 7. Cxema pa30HBKN MaTepHaIbHOIO TN YIUIOTHEHHOTO
CBIPBS (TEXHOJIOTHYECKOH NPOOKH) Ha KOHEUHBIE JIEMEHTHI
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Table 1. Physical and Chemical Properties of Material of the
Technological Cork at 20°C

Tadmuua 1. @Dusuko-XuMHYECKHE CBOWCTBa MaTepuaia
TexHoJorn4eckoi mpoodku mpu 20°C
Parameter Value
[apamerp 3HaueHne
l&enszty, kg-m® . 950
JIOTHOCTb, KI'M
Coefficient of Thermal Expansion, °C! »
o1 2,3-10
Koadpuuuent termnoBoro paciuupenust, °C
Youngs Modulus, Pa 1.810°
Monyms FOwra, I1a ’
Poisson’s Ratio 0.42
Koaddunuent Iyaccona ’
Module of Transposition, Pa <
6,338-10
Monyns nepemerenus, [1a

TUIOTHOCTH TPOOKH TPH COOTBETCTBYIONIEM MUHHMAJIb-
HOM YCHJIMH HOPIIHA Oy/IeT TOCTUTHYTO IIPH ITOJTHOM BBbI-
TECHEHUH BO3/lyXa U3 ChIPbs. Tak Kak CONIACHO YCIOBHIO
3a71a4n HEOOXOIMMO OIIPEICINTh MUHUMAJIbHOE YCHITHE
TIOPIIHS, TO TEXHOJIOTNIECcKas MpoOKa paccMaTpUBACTCS
Kak IEJIOCTHOE TEJIO C M30TPOITHBIMU CBOMCTBAMM, KOTO-
pbIe TIPEIIIONaraloT MOCTOSHCTBO (PM3MYECKHX CBOMCTB
CBIPBSI BO BCEX HANPABICHUSIX M CHMMETPHIO OTHOCHTEIIb-
HO BBIOOpA HANpPaBJICHUS] MEXAaHWIECKOTO MEPEMEIIICHHS.

Pacuer npoBoanIM 10 METOAY KOHEYHBIX JIIEMEHTOB
(MKD), xoTopsIii O3BONACT MPUOIIDKEHHO YHCICHHO
PELINTh MUPOKUH CIIEKTP (PU3NIECKUX 331a4 U MaTeMa-
THYECKH (OPMYITUPYETCS B BUAC CUCTeMBI auddepeH-
LUATBHBIX YPAaBHEHUH. JTOT METOJ MCIOJIB30BaH TPH
aHaJM3€e HaINPSHKEHHOTO Je(OpMUPOBAHHOTO COCTOSHHS
KOHCTPYKIIMHM TEXHOJOTHYECKOi mpoOku. VcxomHpM
o0bekToM Uit npuMeHeHnst MKD sBistercst Marepuas-
HOE TeJo (B o0IIeM cirydae — 00JIacTbh, XapaKTepH3yIo-
IIAsICSl CTIIOIIHBIM HAKOIUIEHHEM YIUIOTHEHHOTO CBIPBS,
B JJAHHOM CJIy4ae — TEXHOJIOTn4ecKas MpooOKa), KOTopoe
pa3OuBaeTcsi Ha 4YacTH B BHAE KOHEUHBIX JJIEMEHTOB
(K3) (puc. 7).

B pesynbrare pa3OMBKH cO3aBanach ceTKa U3 Ipa-
HUII 2JIEMEHTOB. TOUKHM TepecedeHns STUX TPaHHIl 00-
pasyloT y3ibl. BHYTpU 351€eMEHTOB MOTYT OBITH CO37a-
HBI JIOTIOJHUTEIIbHBIE Y3JI0Bble TOUKH. COBOKYITHOCTB
BCEX KOHEUHBIX JIEMEHTOB M y3JIOB SBJISIETCSI OCHOBHOM
KOHEYHO-JIEMEHTHOH MOJENbI0  Ae(hOPMUPOBAHHOTO
TeJla — TEXHOJIOTHYECKOW MpoOku. PaccmarpuBanach
JTUHEHHO-ynpyras 3amada Ae(OpMHUPOBAHUS  YILIOT-
HEHHOH TexHoJormdeckoil mpoOku. [IpumHNMaercs, 9to
KOHEYHBIE 3JIEMEHTHI B3aHMMOJCHCTBYIOT TOJIBKO 4Yepes3
oOmue y31pl. BHyTpeHHHE pacnpenelieHHbIE CHIIB,
JCHCTBYIOIIME IO TPaHUIAM 3JIEMEHTA, 3aMCHSIOTCS
CTaTHYECKH YKBUBAJICHTHBIMU Y3JIOBBIMH CHJIAMH, YCTa-
HABIMBAIONIMMHI BEKTOP Y3IOBBIX CHI dnemeHTa {F} .
MarpuiHoe ypaBHEHHE JKECTKOCTH IEMEHTa TEXHOJIO-
TMYECKON TPOOKH UMEET BUJL

[KL @), = (F). +(P) + (P) +(P) +(P), )

rae [K], — Marpuia )KeCTKOCTH 2JIEMEHTOB, COCTOSIIAS
13 K02 PUIMEHTOB JKECTKOCTH; (U), — BEKTOP Y3IOBBIX
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[KL@), =(F).+(P)+ (P +(P)e +(P)°, (1)

where [K], is the matrix of elements hardness, consist-
ing of coefficients hardness; (U), is the nodal movement
vector of hardness; (F), is the vector of nodal forces;
(P)! is the distribution vector of mass and surface forc-
es; (P)¢ is the vector of energy forces; (P) is the vector
of initial deformations taking into account the thermal
stresses.

Firstly, in the calculation process of FEM, the ele-
ments matrix were defined (F), +(P) +(P)¢ +(P)° +(P)®,
and then the general matrices, equilibrium equation sys-
tems of the model on the standard rules of matrix compo-
nents summation with the identical indexes were formed
from them. It was assumed in studies that raw materi-
als deformation in the technological cork was dynamic,
and then on the basis of the D’Alembert principle the
nodal forces were added to the equation (1), equivalent
to the mass inertia forces which depended on the accel-
eration. As a result the differential matrix equation was
obtained:

d’ d
L S0), 4l L) )= @)
t dt

In (2) [m], is the matrix of element mass which de-
pends on the density of the raw materials in the techno-
logical cork p; [C], is the damping matrix which depends
on the viscous damping coefficient p.

The computational grid and research results of the
first variant of the output truncated pyramid structure
of the plunger system are shown in Fig. 8 a—8 c.

The piston stroke of 49.059 mm is provided ac-
cording to the calculations of distance of movement
of crushed polymer raw materials in the process of its
compaction, under the hydro cylinder pushing force of
16 MPa. It does not correspond to its given 185 mm
movement. The short piston stroke can be caused, firstly,
by the insufficient hydro cylinder pushing force; second-
ly, by the big convergence angle of the truncated pyra-
mid (1:3). This leads to the strong compaction of crushed
polymers and impossibility of their further supply into
the reactor. It was proved experimentally. The maximum
piston stroke is 44 mm, which corresponds to the calcu-
lation results with the tolerated error. The experimental
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nepemenieHui sxecTkocT; (F), — BEKTOp y3/I0BBIX CHII;
(P)! — BEKTOp pacrpeleNeHs MAcCOBBIX U MOBEPX-
HOCTHBIX cHiI; (P)f — BEKTOp JHEPreTHUECKHX CHII;
(P)° — BexTOp HauANBHBIX Ae(OPMALHIL C YIETOM TEM-
MepaTypHBIX HAMPSKCHUI.

OpHako B BBIUHCIUTENbHOM Tporiecce MKD
CHayanma  ONpeNe/SUIMCh ~ MAaTpULBl  3JIEMEHTOB
(F), +(P) +(PF +(P)° +(P)°, a moToM u3 HMX coGupa-
JIHCh OOLIME MATPHLBI, CHCTEMbl YpaBHEHHH pPaBHOBE-
CyUd MOACIN MO CTAaHAAPTHBIM IIpaBHUJIaM CyMMHpPOBa-
HHS KOMITOHCHTOB MaTPHI] C OJMHAKOBBIMH MHJICKCAMH.
B uccrnenoBaHusx J0IycKaioch, 4to Ae(GopMUpOBaHUE
CBIPbSl B TEXHOJOTMYECKOH IpoOKe IHHAMHUYECKOE,
TOrJ]a Ha OCHOBaHWM npuHIMIa Jlanambepa B ypaBHe-
Hue (1) moGaBIsINCH y3JOBBIE CHIIBI, SKBUBAJICHTHBIC
MAacCOBBIM CHJIaM MHEPIHH, 3aBHCSIIMM OT YCKOPEHHSI.
B pesynbsrare 6bu10 monmydeHo muddepeHIraIbHoe Ma-

TPUYHOC YPAaBHCHUC
d? d
L)+l 4-), [ 0). (). @)

B (2) [m], — maTpuua macc 31€MeHTa, 3aBUCsIas
OT IUIOTHOCTH CBHIPBS B TEXHOJOTHYECKOH MpoOKe p;
[C], — marpuna nemMndupoBaHus, 3aBuCAIIas 0T Ko3(-
(umIeHTa BI3KOCTHOTO IEMII(UPOBAHU L.

PacueTHast ceTka 1 pe3ynbTaThl pacueTOB IEPBOTO Ba-
pHaHTa KOHCTPYKINH BBIXOJHOM YCEUCHHON MUpPaMUIbI
IUTYH)KEPHOM CUCTEMBI ITPECTaBICHbI Ha puUC. 8,a—6.

CornacHo pacdeTaM BEIMYHMHBI NEPEMELICHUS U3-
MEJIBUEHHOTO MOJIMMEPHOTO ChIPbS B IPOLECCE €ro
YIUIOTHEHHS, NPU TOJKAIOMIEM YCWINU THAPOLMIMH-
apa 16 MIla oGecrieunBaeTcs pacueTHBIA X0 MOPIIHS
49,059 MM, He COOTBETCTBYIOIIUI 3aJaHHOMY IepeMe-
mieHnto 185 MM. Manblif X0 IOPIITHS MOXET OBITH BBI-
3BaH, BO-TIEPBBIX, HEAOCTATOYHBIM TOJIKAIOIINUM YCHIINEM
THIPOLMIINH/PA, BO-BTOPHIX, OOJBIINM YIJIOM CYXKEHHS
ycedeHHOM mnupaMuabl (1:3), 4TO BBI3BIBACT CHUIBHOE
YIUIOTHEHHE W3MENBICHHBIX MOINMEPOB W HEBO3MOX-
HOCTb UX JIaJIbHEHINEro NpoTalKkUBaHUs B PeakTop. IT0O
OBLIO MOATBEPKIEHO IKCIIEPUMEHTAIBHO. JIOCTUTHY THIH
MaKCHUMaJbHBII XOJ] MOPIIHS cOCTaBiseT 44 MM, 4TO
C JOIMyCTUMOH OIIMOKOH COOTBETCTBYET pe3ylbTaTram
pacueTa. DKCIIepUMEHTAIbHBIN Pe3yabTaT IepeMECHUs
MTOPIIIHS MEHBIIIE PACIETHOTO HA 5 MM, UTO OOBSICHACTCS

b)-6)

Fig. 8. Analysis grid and calculation data on the first version of plunger system structure

Puc. 8. PacuerHas ceTka U pe3yabTaTbl pacueToB IEPBOTO BApUAHTA KOHCTPYKIUU IITyHKEPHOU CUCTEMBI

a) — Computational Grid of the First Variant of Initial Truncated Pyramid Structure |/ pacdeTHas CeTKa NMEpPBOTO BapHaHTA
KOHCTPYKIIMH UCXOHOH ycedeHHoM mupamuasl; b)—06) — Calculation Results of Distance of Movement of Crushed Polymer Raw Ma-
terials in Process of its Compaction / pe3yaprar pacuera BEJIMYUHBI IEPEMELICHUS H3MEIBYEHHOTO MOJIMMEPHOTO ChIPbsi B IPOLecce
ero yminoTHeHus; ¢)—8) — Calculation Results of the Stresses which are Formed in Process of Compacting of Crushed Polymer Raw
Materials / pe3ynbrar pacuera HaNpsHKCHHH, BOSHUKAIONINX B IPOLIECCE YIUIOTHEHMS H3MEIBYEHHOTO MOJIMMEPHOTO ChIPhS
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result of piston stroke is smaller than the calculated
one by 5 mm which is caused by the lack of the friction
forces in the calculations, forming in the structures under
the movement of the front plate of the piston. In Fig. 8 b
and 8 ¢ the range of distances of movement and stresses
in the raw materials volume, situated inside the out-
put truncated pyramid, are shown. The grade of colors
is meant to be the calculated values according to the
scale in the left upper corner (Fig. 8 b and 8¢).

The computational grid of the second variant of the
initial truncated pyramid structure with the smaller con-
vergence angle was developed to evaluate the impact
of the convergence angle of the initial truncated pyramid
and distances of movement and stresses in the raw ma-
terials volume.

Such variant of the structure increases the flow area
of the pyramid output, thus allowing applying fewer forc-
es to load the raw materials into the reactor. In Fig. 9a-9 ¢
the calculation results of the second variant model struc-
ture of the output truncated pyramid of the plunger sys-
tem are considered. According to these calculations the
distances of movement of crushed polymer raw materials
in the process of its compaction, under the identical con-
ditions are provided by the piston stroke of 177.11 mm
which corresponds to the given value of 185 mm. It was
proved experimentally. In this case the required value
of the piston stroke is achieved, but there is a lack of raw
materials compaction in the technological cork. As a re-
sult the pyrolysis gas broke through the plunger system
which is not acceptable.

The computational grid of the third variant of the ini-
tial truncated pyramid structure was developed in order
to increase the density of the technological cork of the
initial truncated pyramid under the given pushing force
of the hydro cylinder of 16 MPa. The front plate of the
piston was provided with the truncated pyramid accord-
ing to Fig. 4c and Fig. 5.

In Fig. 10a-10c¢ the calculation results of the third
variant model structure of the plunger system were
considered. According to the calculations the distances
of movement of crushed polymer raw materials are pro-
vided by the piston stroke of 177.11 mm in the process
of their compaction under these conditions. The piston
stroke corresponds to the given value of 185 mm. It was
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OTCYTCTBHEM IIPH pacueTax CHJ TPEHHUS, BOZHUKAIOIINX
B KOHCTPYKIMU TPH TIEPEMEIICHUU TEepeHEeH IUTUTHI
nopurss. Ha puc. 8,6 u 8,6 n3o0pakeH CiekTp BETUUUH
TIepeMENICHHsI U HANPSHKEHUsI B 00beMe ChIPbsI, HaX0/s-
LIErocsi BHYTPH BBIXOJHOW yCEYeHHOH nmupamuabl. [pa-
JIMEHTOM OTTEHKOB 0003HAYAIOTCS PACUECTHBIC BEITMUMHBI
B COOTBETCTBHUH CO IIKAJION pa30MEHUs B JIEBOM BEpXHEM
yriy puc. 8,0 u 8, 6.

J1nst OLleHKM BIMSIHUSA yTVIa CY>KSHUS] HCXOIHOU yce-
YEHHOH MUpaMM/IBI U BEJIMYMH TIEPEMEICHNs] U Hampsi-
JKCHUSI B 00bEeMe ChIPhsi ObLIa pa3paboTaHa pacuyeTHas
CeTKa BTOPOTO BapHaHTa KOHCTPYKIIMM HCXOIHOH yce-
YEHHOH MUPAMH/IBI C MEHBIIIUM YIJIOM CY)KEHHMSI.

Takoli BapHaHT KOHCTPYKIMH YBEITUUUBACT ITPOXOJI-
HOE CEYCHHUE BBIXOIHOTO OTBEPCTHS MUPAMHUIbI, TAKUM
00pazoM, MO3BOJISISI TIpUJIaraTh MEHbIIE YCHIMN IS 3a-
I'PY3KH CHIpbst B peaktop. Ha puc. 9,a—6 paccMoTpeHs!
pe3yabTaThl PacueToB MOJEIH BTOPOrO BapuaHTa KOH-
CTPYKLIMH BBIXOJHOW YCEYEHHOH NMHUpaMubl TUTYHKep-
HOM cucteMbl. ComacHO pacdeTaM BEJIMYMHBI ITepeMe-
LIEHUsI U3MEJIBYSHHOTO TIOJIMMEPHOTO CHIPhS B IPOLIECCE
€ro YIUIOTHEHUS], PU aHAJIOTHYHBIX YCIIOBHSIX oOecrie-
yuBaeTcs: xoa nopuHs 177,11 MM, 4TO COOTBETCTBYET
3aJ]aHHOH BesnunHe 185 MM 1 OBIIIO MOATBEPIKICHO IKC-
MIepUMEHTaJIbHO. B 9TOM cityyae jocturnyra Tpedyemast
BEJIMYMHA XOJ1a TIOPIIHS, HO YIUIOTHEHHUS CHIPbS B TEXHO-
JIOTHYECKOH NMPOOKE HEJ0CTaTOYHO, B PE3yIIbTare MUpo-
JIM3HBIA Ta3 MPOpPBIBAJICS Yepe3 IUTYH)KEPHYIO CHCTEMY
B OKPY’KAIOIIYIO CPEILY, YTO HEJIOITYyCTHMO.

C 1enbio yBEIMYECHUS MIFIOTHOCTH TEXHOIOTHYECKOH
MPOOKM BBIXOJAHOW YCEUEHHOW MUpaMubl NPH 3ajaH-
HOM TOJIKAIOIIEM YCHJIMU BBIOPaHHOTO THAPOIMIMHAPA
16 MIla Obuta pazpaboTaHa pacdeTHasi CETKa TPEThEro
BapuaHTa KOHCTPYKIMH HMCXOTHOM yCEYEeHHOH Mmupamu-
b1, B KOTOPOW MepeHsIsI CTEHKa MOPIIHs Oblia cHabxXe-
Ha Cpe3aHHOM NMUpaMHUON COMIacHO puc. 4,6 u puc. 5.

Ha puc. 10,a—6 paccMOTpeHBI pe3yabsTaThl pacieToB
MOJIEJIH TPETHETr0 BapHaHTa KOHCTPYKIMHU IUTYH)KEPHOH
cucrembl. CorlacHO pacueTaM BEJIMYHMHBI IepeMeliie-
HUSI M3MEJIBYEHHOTO MOJIMMEPHOTO CBIPbs B MpoLEcce
€ro YIUIOTHEHUsI B JIAaHHBIX YCJIOBHSX OOECIICUUBACTCS
TOT e xoi nopirHs 177,11 MM, 4TO COOTBETCTBYET 3a-
JMaHHOH BenuuyuHe 185 MM U OBUTO MOATBEPIKICHO JKC-
nepumeHTanbHo. Ha puc. 10,6 BuIHO, uTO Hanbosbiee

a) b)-6)

Fig. 9. Calculation data on the second version of plunger system structure

Puc. 9. Pe3ynbrarsl pacueToB BTOPOro BapuaHTa KOHCTPYKIHUHU ILTYHXKEPHOU CHCTEMBbI

a) — Computational Grid of the Second Variant of Initial Truncated Pyramid Structure / pacdeTHas ce€TKa BTOPOTO BapHaHTa
KOHCTPYKIIMH UCXOHOH ycedeHHo mupamuasl; b)—06) — Calculation Results of Distance of Movement of Crushed Polymer Raw Ma-
terials in Process of its Compaction | pe3yaprar pacuera BEJIHYNHBI IEPEMELICHUS H3MEIBYEHHOTO MOJINMEPHOTO ChIPbs B IPOLecce
ero ymnotHenus; ¢)—8) — Calculation Results of Stresses which are Formed in Process of Compacting of Crushed Polymer Raw
Materials / pe3ynbrar pacyera HanpsHKCHHH, BOSHUKAIOIINX B MPOLIECCE YIUIOTHEHMS H3MEIBYEHHOTO MOJIMMEPHOTO ChIPhS
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a) b)—6)
Fig. 10. Calculation data on the third version of plunger system structure
Puc. 10. Pe3ynbrarsl pac4eToB TPETHETO BapUaHTA KOHCTPYKIIHH TUTYHKEPHOU CHCTEMbI
a) — Computational Grid of the Third Variant of Initial Truncated Pyramid Structure / pacueTHas CeTKa TPEThEr0 BapHaHTA
KOHCTPYKIIMH UCXOMHOM ycedeHHoit mupamust; b)—6) — Calculation Results of Distance of Movement of Crushed Polymer Raw Ma-

terials in Process of its Compaction | pe3yJprar pacueta BEITHINHBI IEPEMEIICHUS H3MEITBYCHHOTO MOJIUMEPHOTO ChIPhs B IIPOLIECCE
ero ymoTHenus; ¢)—) — Calculation Results of Stresses which are Formed in the Process of Compacting of Crushed Polymer Raw

Materials / pe3ynbTar pacuera HalpsDKEHNH, BOSHUKAIOIINX B IIPOLECCE YIUIOTHEHHSI H3MEIBISHHOTO MOJIMMEPHOTO ChIPhS

proved experimentally. The largest raw materials com-
paction appears on the sides and top of the truncated
pyramid (which is secured on the piston front plate of the
plunger system), Fig 10c. However, it does not provide
the required hermiticity, and in this variant the pyroly-
sis gas breaks into the environment via the technological
cork which is not acceptable.

But there is still a possibility of breaking the gas into
the environment under the continuous raw materials sup-
ply even when the smaller base of the truncated pyramid
is connected with the reactor and wastes are fed into the
gas environment. In the variant of Fig. 8 there is a lack
of applied forces of the hydro cylinder on the compres-
sion of the polymers in order to avoid the recoverable
deformations. There is a small conicity of the output noz-
zles in Fig. 9 and 10, and as a result the steam and gas
mixture under the pressure breaks through the bunker
into the environment. It does not provide the ecological
cleanness of the technological process.

Research data defined all disadvantages of the tech-
nological cork, formed with the different nozzles under
the crushed polymers supply into the gas environment
of the reactor. More advanced structure of the plant for
the continuous pyrolysis of the solid organic wastes
with the plunger system of the crushed polymers sup-
ply not into the gas environment of the reactor but into
the melt was suggested [4]. This increases the security
of the channel hermitic sealing of the raw materials sup-
ply of plunger system using the molten polymer which
hardens under the additional external cooling (in the air
microcavity of technological cork). The output nozzle in
the form of a truncated pyramid was turned 180° and
connected with the larger base of the pyramid to the reac-
tor, and the smaller one was connected with the plunger
supply system (Fig. 11) in order to reduce the pushing
force of the pre-formed technological cork and forming
of the new one.

The main differences of the structural scheme are:

— small pushing force of the thermoplastic polymer
into the reactor (even after the full stop of the reactor the
molten polymer will harden in the middle of the cone
nozzle);

141

YIUIOTHEHHE CHIPbsi BO3HHUKAET 110 OOKaM M Ha BEPIIMHE
YCEUeHHOH HpaMHIBI (KOTOpast 3aKperieHa Ha TepenHen
TUTITE TIOPIUHS TUTYH)KEPHOH CHCTEMBI), HO 3TO HE 00e-
CriednBaeT TpeOyeMOoi TepMETHIHOCTH, U B 9TOM BapHaH-
T€ MUPOJIU3HBINA I'a3 MPOPHIBACTCS B OKPYKAOIIYIO CPETY
Yepe3 TEXHOJIIOTNYECKYIO MPOOKY, YTO HEIOITy CTHMO.

Takum 00pa3om, ucciae0BaHHbIE KOHCTPYKIUH yCe-
YEHHBIX MUPAaMUJ, KOTJa MEHbIIast UX OCHOBA COEIUHE-
HA C peaKkTOPOM, a OTXOJbI ITOJAIOTCS B Ta30BYIO CPELY,
HE MCKJIIOYAIOT MPOPBIB Ta3a B OKPYKAIOIIYIO Cpexy
BO BpEMsI HENPEPBIBHOM MOIa4H CHIPbsI. DTO OOBSICHSET-
cs TeM, 4TO B BapHaHTE PUC. 8 HEOCTATOYHO MPHIIOKEH-
HBIX THIPOLMINHAPOM YCHUIMH Ha CoKaTHe IOJIUMEPOB
JUISL TIPEOAOJICHNSI COCTOSHMSA YHPYTHX JAehopMarvi,
a B BapuaHTax puc. 9 u 10 Manast KOHYCHOCTb BBIXOJTHBIX
HACAaJIOK, B PE3YNbTaTe Mapora3oBas CMeCh I0J AeHCTBU-
€M JaBJIeHHs TpOpbIBaeTcsa uepe3 OyHKEp B OKpyXKaro-
LIyIO Cpefdy, YTO He 0OecIieunBaeT 3KOJIOTHUECKYIO YH-
CTOTY TEXHOJIOTHYECKOTO IpoLecca.

JlaHHBIE HCCIIEIOBaHUS ONPEEININ BCE HEOCTAaT-
KM TEXHOJIOTUIECKON MPOOKH, CO3MaBaeMON pasiiIHbI-
MU HacaJKaMH NpH Mojaue U3METBIEHHBIX IOJINMEPOB
B Ta30BYI0 cpeny peakropa. C menpio obecredeHus mo-
CTaBJIICHHON 3aJauil MpeaioKeHa Oosee CcoBepIIeHHas
KOHCTPYKIUSI YCTAHOBKHU JJISI HENIPEPBIBHOIO MUPOJIU3a
TBEPJBIX OPraHUYECKUX OTXOJ0B — C IUTYH)KEPHOU CH-
CTEeMOH Moja4d M3MEJIBYECHHBIX MOJIMMEPOB HE B ras3o-
BYIO Cpely peakTopa, a B paciuiaB [4]. DTo moBbIIIaeT
HAJAEeKHOCTh TePMETH3AINH KaHaJa OJIauH ChIPbs ITyH-
JKEPHON CHUCTEMBI 33 CUET PACIUIABIECHHOIrO MOJIUMEPA,
KOTOPBIM, TPOHUKAs B BO3AYIIHbIE MUKPOIIOJIOCTH TEX-
HOJIOTUYECKOH NMPOOKHM, 3aCTHIBACT IPU JOTIOIHHUTEIb-
HOM BHEIIIHEM OXJaXKACHUU. IJIs1 yMEHbIIEHHs yCUIUS
MPOTAJIKUBAHMS TIPEBAPUTENILHO OOpa30BaHHOM Tex-
HOJIOTUYECKOH NMPOOKM M CO3/1aHMs HOBOW MPOOKH BBHI-
XOAHOM HAKOHEYHHUK B BUJIE YCEUECHHOM MUpaMu/ibl pa3-
BepHyaH Ha 180° M coenuHIIN OOJBIINM OCHOBAHUEM
MIUPaMUJBI C PEAKTOPOM, a MEHBIIUM — C ILTYHKEPHOI
cUCTEMOi1 roiauu ceIpbs (puc. 11).

OCHOBHBIM OTJIIMYHEM [AHHOH KOHCTPYKTHBHOM
CXEMBI SIBIISICTCS, BO-TIEPBBIX, MAJIO€ YCHIINE MPOTAIKU-
BaHUs TEPMOIUIACTUYHBIX MOJUMEPOB B PEAKTOP, JakKe
€CIIM TI0CIIE OCTAHOBKM PEaKTopa PAacIUIABICHHBIN ITOJIH-
MEp 3aCTHIHET B CEPEIUHE KOHYCHOM YacTH HACaIKH; BO-
BTOPBIX, UCKJIIOYEHA BEPOSTHOCTB IPOPBIBA IAPOra30BOI
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b)=6)
Fig. 11. Polymer Waste Supply System into the Liquid Fraction of Hermetically Sealed Reactor:

Puc. 11. Cucrema nojaqu mojIuMepHBIX OTXOJ0B B )KUJIKYIO (PaKIUIO FTEPMETHYHOTO peaKTopa:

a) — structural scheme of the initial nozzle in the form of the truncated pyramid /| KOHCTPYKTUBHASI CXeMa TIOCTPOCHUS HCXOIHOM
HACaJlKl B BUJIC YCEUCHHOW mupamunsl; b)—6) — the 3D model of the plunger system / 3D-mopuenb TUTYH)XEPHOU CHCTEMBL,
1 — hydro cylinder / Tunpouwnuanp; 2 — piston front plate / nepenusisi TUIMTa NOPIIHS; 3 — cone nozzle / KOHyCHasl HAcaJKa,
4 — crusher knife-coolers / n3MenBIUTENFHBIC HOXKHU-OXJIATUTENN; 5 — cooling system / cucTeMa OXJIaXICHUS

— breakthrough possibility of the vapor mixture into
the environment is excluded, since the pressure on the
technological cork is formed by the height of polymer
melt pole height, not gas environment. The bigger the
pressure of the melt pole is, the bigger is the compac-
tion of the crushed polymers in the technological cork
(Fig. 11);

— presence of the four knives, placed on the sides
of truncated pyramid, in the initial nozzle of plunger sys-
tem. The knives are fixed to the surface of the initial cone
by bolts and are placed near the smaller cross-section
of the pyramid, connecting with the structure of plunger
system. They perform the crushing function using the cut-
ting ends plant against the raw material motion flow, and
due to the heat transfer between the heated polymers and
plane blade serve as an additional cooling circuit of raw
materials. The main cooling circuit is a water-cooled hous-
ing which is placed on the side of the output nozzle.

It is experimentally proved that the given structure
of the output nozzle in the form of a truncated pyramid
with the 1:3 conicity (see Fig. 11) recovers the techno-
logical cork in the process of the continuous raw materi-
als supply with the given pressure value. The molten part
of the technological cork from the side of reactor under
hardening is easily pushed by the hydraulic cylinder un-
der the reheating of the reactor in the installation oper-
ating mode (when the plant operation is finished). The
multicircuit circulatory pyrolysis plant provides opera-
tion in the continuous and environmentally safe modes.

CONCLUSION. 1. The efficiency of the series de-
velopment of reliable and environmentally safe plants
of polymer waste utilization for marine economy com-
plex on the multicircuit circulatory pyrolysis technology
is shown.

2. The presented theoretical calculations of the com-
pacting parameters of crushed polymers in the output
nozzle of plunger system in the ANSYS software pack-
age are verified with the experimental data.

CMECH B OKPYXKAIOIIYI0 CPEAy, TaK KaK JaBJIeHHE Ha TeX-
HOJIOTMYECKYIO IIPOOKY CO3/1aeT BbICOTa CToJ10a pacIlIaBa
roJmMepa, a He razoBas cpena. Kpome Toro, uem Oobiie
JaBIICHHE CTONI0A paciuiaBa, TeM OOJbIIE YIUIOTHSIIOTCS
N3MEIIBYCHHBIE MTOJIMMEPBI B TEXHOJIOTMYECKOH MpoOKe
cortacHo puc. 11. OnHUM U3 HEMAIOBAKHBIX KOHCTPYK-
TUBHBIX OTJIMUUH TAKXKe SBJISICTCS HAJIMYUE B HCXOIHOM
HaKOHEYHHKE IUTYH)KCPHOH CHCTEMBI YETBIPEX HOXEH,
pa3MeIIeHHbIX Ha OOKOBBIX CTOPOHAX yCEUEHHOH mupa-
Muiel. HoXn KpersTes K HOBEPXHOCTH HCXOAHOTO KOHY-
ca OonTaMy M pacroyoKeHb! OJIKe K MEHBILIEMY ceyve-
HUIO IHPaMUJIbl, COCUHSSICh C KOPITYCOM ILUTYH)KEPHOH
CHCTEMBI. YCTAaHOBKOH PEXYILMM JIE3BHEM IIPOTUB TIOTO-
Ka JIBUJKCHUSI CBIPbSI OHH BBITIOJHSIOT M3MEITBIUTEIIBHYTO
(GYHKIHIO, a 33 CYeT TEIIOOTIAAaul MEX/Y HarpeThbIMH
MOJMMEPaMH U IJIOCKOCThIO HOXKA CITY’KaT JOMOJIHUTEIb-
HBIM KOHTYPOM OXJIQXJICHUsI ChIpbs. OCHOBHOH KOHTYD
OXJIAXKJICHUS TIPEACTABISET COOOM KOXKYX C BOASHBIM
OXJTQKICHUEM, KOTOPBIA pPacroiiokeH Ha OOKOBOW TO-
BEPXHOCTHU BbIXOJJHOI'O HAKOHCYHHKA.

OKCHEepUMEHTAJIbHO J0KA3aHO, YTO INpeIoKeHHas
KOHCTPYKIMSI BBIXOJJHOTO HAaKOHEYHHKA B BUJIC YCEUCH-
HOW MUpaMuabl ¢ KOHycHOCThIO 1:3 (cm. puc. 11) cra-
OWJIPHO BOCCTAHABIMBAET TEXHOJIOTHYECKYIO TPOOKY
B IIPOLIECCE HENPEPBIBHOM MOAAYM ChIPbsI IPU 3aJaHHOU
BEJIMYMHE JaBleHus. PacmaBieHHas 4acTb TEXHOJIOTU-
YecKol POOKH CO CTOPOHBI PEaKTOpa NP 3aCThIBAHHH,
KOT/Ia yCTAHOBKA 3aKaHUMBAET paboTy, JIETKO MPOTAJIKU-
BAeTCsl THAPOLMIIMHIIPOM ITPH TOBTOPHOM HarpeBe peax-
TOpa B paboueM peKMMe YCTaHOBKH. YCTaHOBKa MHOTO-
KOHTYPHOT'O IIMPKYJISILIMOHHOTO IIMPOJIN3a 00eCIIeyBaeT
paboTy B HENpPEPLIBHOM M SKOJOTHYECKH Oe30IacHOM
pEeKUME.

BBIBOJDI. 1. ITokazana 3ppeKTHBHOCTD CO3MaHMS
CepUH HAJ/IC)KHBIX U DKOJIOTUYECKH OE30I1aCHBIX YCTaHO-
BOK JIUISl Y THITM3ALIUH ITOJIMMEPHBIX OTXOJI0B JIsl MOPEXO0-
3SCTBEHHOTO KOMIUIEKCA 110 TEXHOJIOT'MH MHOTOKOHTYP-
HOTO IUPKYISAIHOHHOTO HPOJTH3a.

2. IlpencraBieHHbIE TEOPETUUECKUE PACUETHI Iapa-
METPOB YIJIOTHECHUSA HU3MCJIBYCHHBIX MOJUMEPOB B BbI-
XOJJHOM HAKOHEYHHUKE ILTYH)KEpHOH CHCTEMBI B IIPO-
rpaMMHOM  KoMmiutekce ANSYS  Bepuduuupyrorcs
C 9KCTIIEPUMEHTAIBHBIMY JAHHBIMH.
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3. The fundamental dependence of the counterforce
of the compacted crushed polymers from the internal
pressure in the reactor under providing their pushing into
the reactor in a frozen state in the case of its restart after
stopping is defined.

4. The suggested structure of the output nozzle in the
form of a truncated reverse-pyramid with the 1:3 co-
nicity leads to the forming of technological cork from
supplied wastes and provides the complete hermiticity
of the reactor at the continuous, environmentally safe
operational mode (under the fixation of the larger base
of pyramid to the reactor, and the smaller one — to the
plunger system).
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3. BhIsBIIeHa NPUHIUIHANBHAS 3aBUCHMOCTh IPO-
THUBOJICHCTBUS YILIOTHEHHBIX JIPOOJICHBIX ITOJMMEPOB
OT BHYTPEHHETO JAABJICHUS B PEAKTOPE MPH 00€CICICHUH
MIPOTAJIKUBaHUS UX B PEAKTOP B 3aCTHIBIIEM COCTOSHUH
B ClTy4yae IIOBTOPHOTO 3allyCKa €ro Hocjie OCTAHOBKH.

4. TlpeanoxeHHasi KOHCTPYKIUS BBIXOAHOTO HAKO-
HEYHHUKA B BUJIC OOPAaTHOM yCEUeHHOW MUPaMHUIBI C KO-
HYCHOCTbIO 1:3 TIpH 3aKpeIuieHuH OOJIBIIEr0 OCHOBA-
HUSI K PEaKkTopy, a MEHBILIETO K IUTyH)XEPHOU CHUCTeMe
CIOCOOCTBYET 00pa30BaHUIO TEXHOIOTUICCKON MPOOKHU
13 MOIaBaeMbIX OTXOOB U o0ecIiednBaeT MOJIHYIO Tep-
METHYHOCTh pEaKTopa HPH HENPEPHIBHOM, 3KOJIOTHYE-
cku 0e30MacHOM peKUMe padoThI.
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