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ONPEJNEJIEHUE UCXOHBIX TAPAMETPOB I'A30BO3IYIIIHOT' O IOTOKA
MPU IBUKEHUU YEPE3 YCTPOUCTBO CMEUHIEHUS

H.A. Hlgey

PaccMoTpeHBI BOIPOCHI ONpPENENIeHNs BBIXOAHBIX MApaMEeTPOB ra30-BO3AYIIHOIO IOTOKA KaK IEPBBIA 3Tall YUCICHHOIO
MozenupoBanus. IlpuBeieHHbIE MATEMATUYECKHUE 3aBUCUMOCTH 3HAYUTEIIBHO YIPOLIAIOT IOIY4YCHUE YUCICHHBIX 3HAYCHUN BbI-
XOIHBIX MMapaMeTpoB U, COOTBETCTBEHHO, BXOAHBIX I paboTel ¢ CFD xomrutekcamu. Mcxommsle mapaMeTpel, KOTOpBIE HOJIe-
JKaT OIPEEICHUIO, IIEpEe] YACICHHBIM MOJECIUPOBAHUEM €CTh Iepenaj AaBICHUSA B YCTPOMCTBE CMEIICHHUS U CKOPOCTh IIOTOKA
Ha BBIXOJIe. PaccCMOTpeHBI OCHOBHBIE JOMYIIEHHS, IPUMEHIMBIE TIPH paboTe ¢ MaTeMAaTHIECKIMH 3aBUCHMOCTSIMH M OTMEUIEHO
MX BIMSHUE HA TOYHOCTD IIOJIY4EHHSI UCXOIHBIX I1apaMeTPOB Ta30BOr0 MOTOKA.

METRICS SPECIFICATION OF GAS-AIR FLOW MOVING THROUGH MIXING DEVICE
1. A. Shvets
The problems of determining the output parameters of the gas-air flow as the first stage of the numerical simulation are
considered. These mathematical relationships are much easier to obtain numerical values as junction parameters and input respec-
tively to work with CFD systems. Baseline parameters that must be determined before the numerical simulation is the pressure
drop in the mixing device and the flow rate at the outlet. The basic assumptions are applicable when dealing with mathematical
relations and noted their influence on the accuracy of the initial parameters of the gas flow.
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XAPAKTEPUCTHUKH SKCHEPUMEHTAJIbHONH CUCTEMbBI KOHBEPCUH
BUOJ3TAHOJIA ABC 24 7,2/6

Tlpeocmasnenvt npunyun Oelicmsusi u KOHCMPYKMugHbvle 0COOEHHOCMU dKChepumenmanvrou ycmanosku TXP-2.0,
NPeOHA3HAUEHHOU ONIs1 UCCLeO08AHULL NAPOBOTI KOHEEPCUU OUOIMAHONA 8 CUHIME3-243 8 MEPMOXUMUYECKOM PeaKmo-
pe. Onpedenenvt ocHogHble KOHCIMPYKIMUBHbIE U dHepeemuyecKue noKkazamenu peakxmopa Ha XapakmepHoix pedicu-
Mmax. Munumanvuas memnepamypa, npu komopoul 6wiia docmueHyma 100% xonsepcus 6uosmanona, cocmasuia 620
°C npu ucnonvsoganuu cmecu ¢ 54% codepoicanuem buodsmanona. Ipphexmusnas MOWHOCHb PEAKMOPA 6 3A6UCUMO-

cmu om cocmasa cmecu cocmagasina 252...333 Bm.

IHocTanoBka npodaemMbl

ITocTosiHHOE TOBBIIEHHE CTOMMOCTH HE(TIHBIX
TOIUIMB ¥ WX OrPaHUYEHHBIE 3aI1achl IIPUBOJIST K HE00-
XOIMMOCTH DPEIICHUs JBYESAMHON 3aJaddl - IIONCK HO-
BBIX BHJIOB TOIUIMBA U NPUHIMIIOB Oosiee 3¢ eKTHBHO-
IO HCIIONB30BAaHUS 3TUX TOIUIMB B IHEPreTHYECKHX
ycranoBkax. OIHMM W3 ITyTeH ee pelIeHMs SBIeTcs
WCIIONIb30BAHNE ITPOIYKTOB TEPMOXMMHYECKOH KOH-
BepcHM OHMO3TaHONA B KadeCTBE TOIUIMBA TEIUIOBBIX
JIBUTaTEIICH.

Hcnonp3oBanue OnosTaHona B KauyecTBE TOIJINBA
B TEIUIOBBIX JBUTaTENSAX JIOCTaTOYHO IOIPOOHO H3Y-
YEeHBbl OTEUECTBEHHBIMH M MHOCTPAHHBIMHU CIICLHAIIN-
cramu. brosTaHon B OCHOBHOM HCHOJNB3YeTCS B aBTO-
MOOWJIBHBIX JBHTATENSIX C HMCKPOBBIM 32)KUTaHHEM B
kagectBe nobOaBku k Oenzuny (E10, E25) unu B xaue-
CTBE OCHOBHOI'O TOIUTHBA [1].

Bonpmast wacte OMOdTaHONA NPOM3BOAWTCA W3
kykypy3sl (CIIA) u caxapaoro tpoctHuka (Bpasu-
must). HanbGonee 1enecooOpasHBIM ¢ 9KOHOMHYECKOW
TOYKH 3PEHUS CBIPbEM JUIS IIPOU3BOJICTBA OMOATAHOIIA
B YKpamHe siBisercss Kykypysa [2]. buosranon obGec-

[IEYNBAET BBICOKUE AHTHCTOHALIMOHHBIE CBONCTBA U
MIOHMKEHHOE COAEP>KAHUE TOKCUYHBIX BEIIECTB B OT-
paboraBmux ra3ax [3]. HemocraTtkamu Owmo3TaHONA
SIBIISTIOTCSI ITOHVDKEHHAs TertoTa cropanus (QH = 26,78
MJIx/kr), BeIcokast Teruiora ucraperust (Qu = 870
k/DK/KT) M HU3KOE JaBJIeHME HACBIIIEHHBIX I1apoB
(pu = 12,2 kI1a) [4].

Tepmoxumndeckast KOHBepcusi OHMOAPTaHONA TO-
3BOJSIET  YAYYIIUTh  HE  TOJIBKO  TOIUIMBHO-
SKOHOMHMYECKHE M DKOJOTMUYECKHE XapaKTEPUCTUKU
JBC, HO ¥ KMHETHYeCcKHuE MOKa3aTeau Mmpolecca Cro-
paHys TOIUIMBA BHYTPH LUINHIPA.

B sneprernueckux ycraHoBkax ¢ JIBC HeoOxo-
JUMasi SHEpPrus AJsl OCYIECTBIEHHs PEaKIUU KOHBEp-
CHHM MOXET OBITh IMOJydeHa INpH YTWIN3AIU{ TeIuia
OTXOMAIIUX Ta30B ABurarens [5,6]. B pe3ynbraTe KOH-
BEPCUU XUMHUECKasl JHEPrUs MOITYYEHHOIO CHHTE3-
rasa IpeBbIIIaeT YHEPTHI0 NCXOJHOr0 OMo3TaHONIa Ha
BEINYUHY YTHIN3UPOBAHHOM HHEPIUU OTXOAALIMX
ra3oB B PEaKTOpe, KOTOpasi TaKUM 00pa3oM pereHepH-
pyercsl.
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BoNbIIHCTBO M3BECTHBIX HCCICAOBAHUIA TOCBS-
IICHO KOHBEPCHU TPATUIIMOHHBIX TOIUIMB IPHUMCHU-
TEIBHO K TOIUTUBHBIM 3JICMEHTaM, 4TO IPEIoNaract
MaKCUMaJIbHBIN BBIXOX Bogopona [7]. B kauectBe uc-
XOJHOI'0 TOIIMBA Yallle BCEro UCIONb3YIOT METaH [8],
nponad [9] u meranon [10].

Ilenv padomwr — MccleOBAaHUE XapaKTEPUCTUK
CHUCTEMBI TEPMOXHMHUYCCKOW KOHBEPCHH OMOATAHOIA
MIPUMEHUTETHHO K BeICOKOOOOpoTHOMY JIBC.

H3no:xkeHue 0CHOBHOr0 MaTepuaJia

KonBepcust OumosTaHonma B CHHTE3-Ta3 MOXKET
OBITh OCYIIECTBIICHA TPEMSI W3BECTHBIMH METOIAMHU
[11]:

apoBOW KOHBepcHel (1TapoBoi pru)OpMHUHT)

C,Hs0OH + H,0 = 2CO + 4H,
AHy93 =+ 256 x]JI>x/MOIb,

VTICKUCTIOTHONW KOHBepchueh («cyxoi» pudop-

MUHT)
C,Hs;OH + CO, =3CO + 3H,
AHyo3 = + 297 x]JI>x/MONIb
U pa3ioXKeHHEM
C,HsOH=CO + H, + CH4
AHyog =+ 50 xJ]x/MOTD.

B mopmaeBsix [IBC nenecoodpa3Ho npuMeHsTh
METOJl MapoOBON KOHBEpCHUHU. Peakuus yrieKkuciIOTHOU
KOHBEPCUHM IO CPAaBHEHUIO C MapoBOMl KOHBEpCHE
obyiamaer OONBIIMM SHAOTEPMHUYHBIM J(deKTom, a
peaKIms pa3IoKeHHs o0NamacT HEOONBIIAM JHEpre-
THUYECKHUM ToTeHIanom [11].

[epBuuHas oreHKa A()(HEKTUBHOCTH TSPMOXUMHU-
YeCKOH KOHBEPCHH OMO3TAaHOIA MOXKET OBITH IPOBEJIC-
Ha IIyTEM CpPaBHEHUS TEIIOTBOPHOW CIOCOOHOCTH

XKHUJKOro OMOdTaHONAa U ra3000pa3HBIX HPOAYKTOB €ro
KoHBepcHuH. Tak mpu cropaHud 1 Kr »KHIKOTO OMO3Ta-
Hona Bwlaensaercs 26,78 Mk TemnoBod SHepruu, a
MPOAYKTHI €ro MapoBON KOHBEPCHUH MOTYT YK€ BBIIE-
muth 34,87 MJIx (Ha 23,2% Oombire) [12]. YBenmue-
HHUE TEIUIOTBOPHOH CHOCOOHOCTH MOJYYEHHOTO CHH-
Te3-ra3a MO CPAaBHEHUIO C HMCXOAHBIM OHO3TaHOJIOM
SIBJIIETCS CIEICTBUEM BHECEHUS B CHCTEMY JOMOIHH-
TEIBHOTO KOJIMYECTBA SHEPTUH (TEIUIOTa PEAKIIK KOH-
BEPCHH) U HE NIPOTUBOPEUNT 3aKOHY COXPaHEHHS dHep-
ruu [13].

IIpn pa3zpaboTke SHEPreTHYecKOl YCTAaHOBKH C
CHCTEMOH TEpMOXMMHYECKOH KOHBEPCHH OHO3TaHOINIA
0c000€ BHUMaHHE YAEISIETCSl BOIIPOCAM IIPOEKTUPOBA-
HUS BBICOKOR((GEKTHBHOTO PEeaKTopa, KOTOPBIA B IIH-
POKOM JHamna3oHe TEMIEPATyp OTXOAAIIMX ra3oB JOJ-
KeH o0ecreuynBaTh HEOOXOANMYIO CTEIIEHh KOHBEPCHU
OM03TaHONIA B CHHTE3-Ta3.

C 1enpro AeTaabHOr0 U3y4eHHsl 3TUX BOIPOCOB B
neHTpe «llepcreKTHBHBIE PHEPreTHYECKUE TEXHOIO-
run» Hanmonansnoro Yamsepcurera Kopabnecrpoe-
HUEC WMEHH aamupana MakapoBa co3JaHa 3KCIepHU-
MeHTanbHasg ycraHoBka — TXP-2.0, no3somsromas uc-
CJIeIoBaTh OCOOCHHOCTH IIPOIIECcCa MOyIeHHsI CHHTE3-
ra3a u3 OMo3TaHoNa B TEPMOXHMHYECKOM PEaKTOpe.

DKCIIepUMEHTaIbHAs YCTAHOBKA COCTOHT W3 Pszia
cucrem (puc. 1.):

1) mo mccnenoBaHUI0 apaMeTpoB IIporecca ma-
pOBOf KOHBEpPCHH OHMO3TaHOIA B TEPMOXUMHYECKOU
peaxTope;

2) U3MepeHuit;

3) aBTOMATHKH U PETYIUPOBAHHUS.
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Puc. 1. [lpunyunuanvuas cxema sxkcnepumenmanvrou ycmanogku TXP-2.0
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CucreMa 1o UCCIEe0BAHUIO ITapaMETPOB MIPOLIEC-
ca IapoBOW KOHBEpCHH OMOATAaHOJIA B TEPMOXHMHYE-
CKOM PEaKTOpe COCTOUT M3 IOACUCTEMBI Ioaun Ouo-
sTaHona B TepMoxummuueckuii peakrop (TXP), u ycr-
PONCTB MOABOJA DHEPTUH K HEMY, ITOJCUCTEMBI OXJa-
MJIE€HUs, MOACUCTEMBl KOHICHCAlMH NMPOAYKTOB KOH-
BEpPCHM M 3aKauyKd CHHTe3-Taza B Oamnonsl. IlomBon
remra OI' [IBC ¢ temmeparypoit 500 ... 600 °C, Heo6-
XOMMOTO U TPOTEKaHMs PEaKIUH, HUMUTHPYETCS
IIyTe€M HPOIYCKaHHS YEPE3 PEAKTOP MOCTOSIHHOIO TOKa
OT HCTOYHMKA NUTaHHA 5 HampsbkeHus 24...31 B.
IMoncucrema u3mepeHuil MO3BONSAET U3MEPATh PACXo-
Jla, TaBJICHHS], TNIOTHOCTH M TEMIIEPATypbl BCEX TEILIO-
HOCHTENEH, a TarKe OHIEKTPUYECKYI0 Harpy3Ky Ha
TEPMOXUMUUYECKUI PEAKTOP.

IMomaga 6mosranona B TXP 6 ocymecTBusiercs ¢
IIOMOIIBI0 HAacoca 3 ¢ IEKTPUYECKUM MPUBOAOM IIO-
CTOSTHHOI'O TOKa. Pacxonm OnosTaHONa KOHTPOJIUPYIOT
poramerpoM 4. OxnaxkaeHue MPOAYKTOB KOHBEPCUH U
OYHCTKa OT OCTATKOB BOJBI M HE IPOPEarupoBaBIIETO
9TaHONa OOECIIeYMBAETCS B TEIUIOOOMEHHHKE § THIIA
«tpyba B Tpybe» (L = 5 M, dy, = 7,8 MM, Marepuan —
cranp 12X18HI10T), xoTopbIii OXJlakaaeTcs MpoToU-
HOWl Bomo#l. Pacxom BOmBI (UKCHpPYeTCS C TOMOIIBIO
BomsiHoro cuerunka 7 (Ay 15 VALTEC). BonsHotit map
W HE MPOpearnpoBaBlINe KOMIIAHEHTHI, COOMpAroTCs B
peropTe cKOHAeHcUpoBaHHOM cMecu 9. KomuuectBo
IIPOpearnpoBaBIlero OMO3TaHONA ONpPEAENIETCsS BECo-
BBIM CIIOCOOOM ITyTeM B3BEIIMBAHUS PETOPTHI 1 ¢ Ouo-
STAaHOJIOM [0 Hayajla 3KCIEpPUMEHTa M IOCIE €ro
OKOHYAaHUS Ha DJIEKTPOHHBIX NU(POBHIX Becax BTA-
60/6-7-A 2. KonnuecTBO CKOHAEHCHPOBABILIEHCS CMe-
CH, TIOCJIE OXJIaXKJEHUS B KOHJIEHCATOPE ONpPENENsIeTCs
ITyTeM B3BEIIMBAHUS C MOMOIIBIO AJIEKTPOHHBIX (-
poBeix BecoB 10 (JKH-1000). MrHoBeHHBI pacxon
CHUHTE3-Ta3a 3aMepsIOT MO Mepernagy Ha pacxoioMep-
Holt maiibe 11. O0beM momy4eHHOro CHHTE3-Ta3a QUK-
cupyercs ra3oBbIM cueTyukoMm 12 (Gallus 2000), mpo-
HIeAIMM MHAMBUAYaJIbHYIO TapupoBKy. Ilepen pecu-
BEPOM C CUHTE3-Ta30M YCTaHOBJIEH BOJSHON 3aTBOP
13. Tlomy4eHHBIM CUHTE3-ra3 ¢ MOMOIIBIO KOMIIPECCOo-
pa 14 (CAJ 4492 A) nabusaercs B 6amon 15 (Vg = 50
J1), TI€ OH M XPaHUTCH.

B mponecce ucciaenoBaHMi pelIaTNCh CIEAYIO-
1Iye 3aJa4uu:

— OIIpeJeNICHUE DHEPIreTUYECKHX TI0Ka3aTenel pe-
aKTOpa IapoBOH KOHBEPCUU OMO3TaHONA,;

— OIpEJeNICHUE XapaKTepa U3MEHEHUs TeMIepa-
TYp CTEHKH T,,; IO AJIMHE peakTopa L;

— ONpeneneHue CBOWCTB CHUHTE3-ra3a B 3aBUCH-
MOCTH OT COCTaBa U pacxoja CMECH, a TaKKe MOILHO-
CTH peaxTopa;

HccnenoBano 4 cMecu ¢ pa3iniHbIM 00BEMHBIM
conepxkanueM Omodtanona — 54%, 46%, 39% u 25%.

MomHocTs peakTopa cocraBimsuia 1,5 kBT, a pacxon
cMmecu gocturai 1,2 xr/4. I'maBHBIM ycnoBueM OBLIO
nocrmwkenne 100% xonBepcuu Onostanona. B pesyins-
TaTe UCCIIEAOBAaHUN BBISIBICHBL:

— 3aBUCHUMOCTb CPEIHHUX TEIUIOBBIX MOTEPh PEAK-
TOpa OT CPEeHEN TEMIIEpaTyphl CTEHKH PEAKTOPa;

— 3aBUCHMOCTb MAaKCHMaJbHOM TeMIEpaTypsl
CUHTE3-Ta3a Ha BbIxoAe u3 peakropa mnpu 100% kon-
BEPCHH OT COCTaBa CMECH «OMOITaHONI-BOJIaN;

— 3aBHCHMOCTHh 3(P(PEKTUBHOW MOIIHOCTH peax-
TOpa OT Pacxoja M COCTaBa CMECH «OMO3TaHOJI-BOJIAY;

— 3aBHCUMOCTb CPEIHEH TEMIIEPaTypbl CTEHKH 110
JUTMHE PeaKTopa OT COCTaBa CMECH «OMO3TaHOI-BOJIa»;

— 3aBHCHUMOCTb IUIOTHOCTH CHHTE3-ra3a OT COCTa-
Ba CMECH «OHO3TaHOJI-BOJIAY;

— 3aBHCHUMOCTb PACUETHOM TEIUIOThl CrOpaHHUs
CHHTE3-Ta3a OT pacxoja U cocTaBa CMeCH «OMOATaHOII-
BOZA».

Pe3ynbraTel nccnenoBaHui NpPUBEAEHBI Ha pHC.
2-5.

Tak cpeaHue TemnoBble MOTEPHU PEaKTOpa B JHa-
nmasoHe temmeparyp creHku 215...528 °C cocraBmimm
77...285 Br.

[pu uccnemoBannu cmecu ¢ 54% OOBEMHEBIM CO-
JepKaHueM OuodTaHona OBUIM JTOCTHUTHYTHI MUHH-
ManbHOe 3HaueHue Temmeparyps (620 °C), mpu KoTo-
poit npomsonuia 100% koHBepcus OMO3TaHONA, a TaK-
XK€ MAKCUMaJIbHOE 3HAUYEHUE CPEAHEU MHTErpaabHON
Temrieparypsl creHku peakropa (325,3 °C). I[lnorHOCTH
TIOY4EHHOr0 CHHTE3-ra3a coctapmia 0,898 kr/m’. Pac-
YETHOE 3HAYCHUE YAENBbHOI MaccOBOM TEMIOTHI Cro-
panus cuHTe3-raza cocraBmwio 13,5 MDx/kr. Jlns ocy-
LIECTBJICHUS] PEAKLUU MapOBOM KOHBEPCUU 3aTPavueHO
HauMEHbIIee KOIUYECTBO 3Heprun — 252 Br.

BruiBoAbBI
1. Ompenenenbl OCHOBHBIE TEIJIOTEXHUUECKUE

MOKA3aTeM PEaKTopa KOHBEpCHM OWOdTaHONa MpHU
pa3NMYHBIX pexnMmax. MUHUManbHas TeMIleparypa,
pu Kotopoi Opita nocturayra 100% kouBepcus Ouo-
sranona, cocrasmia 620 °C mpu UCIOIb30BaHUH CMECH
¢ 54% copepxanueMm OuostaHona. B 3THX ycinoBHSIX
IJIOTHOCTB ITOJy4E€HHOI0 CHHTE3-ra3a cocrasuia 0,898
Kr/m.

2. DddexTrBHAST MOIIHOCTH PEAKTOPa B 3aBHCH-
MOCTH OT COCTaBa CMECH «OHO3TaHOJI-BOJA» COCTAB-
qsna 252...333 Bt npu yclioBHM OAMHAKOBOW SHEPIUH
HarpeBa peaxkTopa.

3. PacyerHast yznenbHasi TEIJIOTa CrOpaHus IOIY-
YEHHOr'0 CUHTE3-Ta3a B 3aBUCUMOCTH OT COCTaBa CMECU
«OmnosTaHoN-BoAa» cocrasisia 11,9...13,5 MJIx/Kr.
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Puc. 2. Buusinue cpedneli memnepamypul CmenKu
mpybku na mennosvie nomepu TXP
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Puc. 3. Brusinue cocmasa cmecu «Ou0Imanon-600a»
HA MAKCUMATLHYIO MEeMNepamypa CuHmes-2asa Ha
8bIX00€ U3 PeaKmopa u CPeoOHI memMnepamypy
CMeHKU No ONUHe peakmopa
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Puc. 4. Brusnue cocmasa cmecu «Ouo3manon-600ay
Ha 3pheKmueHy0 MOUWHOCHb PeaKmopa
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Puc. 5. Brusnue cocmasa cmecu «Ouo3manon-600a»
Ha NIOMHOCMb CUHME3-2a3a U PACHemHyI0 Menaiomy
Ceopanus CuHme3-2asa
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XAPAKTEPUCTHKH EKCITEPUMEHTAJIBHOI CACTEMY KOHBEPCIi BIOETAHOJTY
JIB3 24 7,2/6

M.P. Tkau, b.I'. Tumoweecvkuit, O.C. Mumpoganos, A.C. Iloznancokuii, A.FO. Ilpockypin

[IpexncraBneni npuHIUI [ii 1 KOHCTPYKTHBHI 0COOIMBOCTI eKCIepUMEHTaIbHOI yeTaHoBKH TXP-2.0, mpu3HaueHol A1st no-
CIIJKeHBb TTapoBoi KOHBepcCil OioeTaHOITy B CHHTE3-Ta3 y TEpMOXIMITHOMY peakTopi. BusHaueHO OCHOBHI KOHCTPYKTHBHI Ta eHe-
preTHdHI ITOKa3HUKH PEaKkTopa Ha XapaKTepHHUX peknMax. MiHiMallbHa TeMIiepartypa, pu sikiit Oyma nocarayra 100% xonBepcis
Gioeranony, cknana 620 °C npu Bukopucransi cymini 3 54% Bmictom Gioetanony. E()eKTHBHA MOTYXKHICTH PEAKTOpa 3aIEKHO
BiJl cKiamy cymimi craHoBmia 252 ... 333 Br.

CHARACTERISTICS OF BIOETHANOL CONVERSION EXPERIMENTAL SYSTEM FOR THE
2 CYLINDER 4-STROKE ENGINE 7,2/6

M.R. Tkach, B.G. Timoshevsky, A.S. Mitrofanov, A.S. Poznansky, A.Y. Proskurin

Represented principle of operation and design features of the experimental plant TCR-2.0 for research bio-ethanol steam
reforming in syngas by thermochemical reactor. The basic structural and energy performance of the reactor at the characteristic
modes are describes. The minimum temperature, which was achieved with 100% conversion ethanol, was 620 ° C when using a
mixture containing 54% ethanol. The effective capacity of the reactor depending on the composition of the mixture was 252 ...
333 watts.
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