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PE3MME

Hucepraumja maje nperneqn, excriepuMeHTanHo 1 codreepckit  wcrmTyje w
MATEMaTHYKKM ONMCYje [J0/laTHE KOHCTPYKTUBHE elleMeHTe KOT/IoBa Ha Ouomacy.
AKUEHAT j@ Ha KepaMmMM4ENM VMeTIMa u muqanus Ty phyaatopusa. Oso ¢y
BUIEHAMEHCKM eJIeMEHTH Ca ajelHimiKuM pyHKIMjaMa nobosmarsa Tpancdepa
TOIUIOTE W cMarkersa ewmucwja 3arabyjvhux  aatepuja. Ipimapna  dyvekamja
KepaMHuuKHX elemeHara je omoryhasarse LITo nOTIYHUjer caropesarsa Guomace, 10K
Typbynatopu nobommasajy npeias TOTOTE ca JMMHOT raca Ha KOTIOBCKY BOIY.
Texiirika pemersa i HHIXOB YTILA] Ha caropesaisa, TpaHodep TOWIOTe M eMucHje CY
eKCNePUMEHTATHO McruTiEaHr, ExcnepusvenT oy oMoryhinme Baymmanmjy Moena,
wipabenux nomohy CFD codrreepa, kojii oy kopumhenn 3a MCOUTHEAFLE HUTABe
neress KOHCTPYELMja # J1oOujarse jeqHawmHa KojuMa ce onucyjy viorpeba
NCITTUBAHX €/IeMEeHaTa. [eltHaqMmHe uMajy ynotpeGiy BpeiHocT npH MpojeKToBamy
KOTIIOBa @ MOTY WX KOPHUCTHTH # Apyri ucTpasameaun. [lpumena kepamuuaxix
Aofaraka MCITMTHBAHA je y JokuiTiva racudurammornx komosa, v 11 creneny
caropenara, y KOM caropesa ropusi rac Hacrao raciudpxammjos apeera v 1 crenery.
Hajy ce xoHKperHe cMepHHLIE BesaHe 3a 00/IME, BE/IMUMHY W OJI0AKA] KepaMHKi
eleMEHATA ¥ JIOMMIITHMA 1 E-HXOB YTUIA] Ha TpaHcdep TomoTe. 3a pasimvMky of
KEPaMUUKHX ellemeHaTta, uujn cy orpasvdasajyhu daxkropu sa npumeny maca u
MOCTOJanoCT, KoL TypOy/aTopa je To naj npuTucka. 3aTo ce HuXosa MpuMeHa yBex
onTuMupa crapkajyhiin ca jemne crpame wa Tac nopehame npenaza TomwoTe W
gimnlierse 3anp/baHUX KOHBEKTMBHUX MOBPIIMHA, @& ca ApPyre Nag IMpUTHCKA.
OrrrumanaH oncer yrpairme MCIUTHBAHMX XudaHux Typbyiatopa je sa Re Gpojese
uameby 2500-3500 1 GpsmHe MMHIX racoBa Ha yiasy v uesu y oncery o, 1.35-1.8 m/s.
Y kpahim nesnma TypbynaTopn cMaieyjy edrekar poralmje cTpyjarba, DIOK Jo/laBase
KOHYCHE OIIpyre Ha mhixosoM ciofoaHoM Kpajy nobokiiasa TpaHcdep ToITe.

KI/BYUHE PEYMW: racudwmkanmonn Komiopm, DuoMaca, BaTpocTaita KepamMusa,
typoynaropu, CFD monemipaise, caropesaibe




ABSTRACT

The dissertation provides an overview, experimentally and computationally
investigates and mathematically describes additional structural elements of biomass
boilers. The emphasis is placed on ceramic inserts and wire coil turbulators. These are
multifunctional elements with shared functions of enhancing heat transfer and
reducing pollutant emissions. The primary [unction of the ceramic elements is to
enable more complete biomass combustion, while the turbulators improve convective
heat transfer from the flue gas to the boiler water. The technical solutions and their
influence on combustion, heat transfer and emissions were experimentally
investigated. The experiments allowed the validation of models, developed using CFD
software, which were used to investigate the whole range of designs and to derive
equations describing the use of the tested elements. The equations are useful for boiler
design and can also be employed by other researchers. The use of ceramic inserts was
investigated in the fireboxes of gasification boilers, in the second stage of combustion,
where the fuel gas generated from wood gasification in the first stage is burned.
Specific guidelines are given regarding the shape, size and positioning of ceramic
elements in the fireboxes and their influence on heat transfer. Unlike ceramic elements,
whose limiting factors for application are mass and durability, for turbulators the
limiting factor is the pressure drop. Hence, their application is always optimized by
weighing, on one side, the increase in convective heat transfer and the cleaning of
fouled convective surfaces, and on the other side, the pressure drop. The optimal range
for the implementation of wire coil turbulators is for the Re numbers between 2500-
3500 and for flue gas velocities at the inlet of the pipe in the range between 1.35-1.8
m/s. In short tubes wire coil turbulators reduce the effect of the rotation of the core
flow, while the addition of conical spring at the free end increase heat transfer.

KEY WORDS: gasification boilers, biomass, refractory ceramics, turbulators, CFD
modeling, combustion
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Muyanmgbymxiguonainocn xepaMuskux w Memaanuy dodanrara y kongobuma wa Guosmacy

1 YBO[],

Eneprercka crpatervja Penybnuke Cpbuje, kao 1 akTye/iHa eHepreTcka kpmsa [1],
MpECTaBkajy CHaKaH [IOACTMUA] 3a MHTeHsuBHuje kopmmheme M McTpaxMBame
ODHOBIBMBIX M3BOPa eHepritje. KOHTHHYHMPaHU PacT NMOTPOIH:e eHeprije nocTassba
03bIBHe M3A30BE Y Momieny mobalHe OOpKMBOCTH eHepreTckux pecypca. Opn
M3IA30BM CHe BUINE yc\:f:panﬂjy Haisy CTPYHMHE jaBHOCTH Ha norpedy crsaparba
NPeycioBa 33 OJPAUBM PasBoj ¥ JIYTOPOYHO OYYBAH-E KXHBOTHE Cpe/IMHEe, KakD Ha
rnobantom Husoy, Tako M y PenyGmaim CpGl-qu Meby obuombHBEUM U3BOPITMa
exepruje y PerryBmmn Cpbuju gomunupa uspera Guomaca [2]. M nopep wmisermie
Oa ce JpBO KOPUCTH Kao OTPeBHM MaTepHjal O caMuX [IoYeTaka JhYOCKe
LMBHITM3ALME, W Jla/ke MOCTOj 3HAYajad npocTop 3a TexHmuka yHanpebera y
npolecHMa lwerosor caropesara [3]. Ynpkoc Tome mmo je npso obHOBIEME H3BOP
EHEPIIjE, HEeroBIM CAaropPesarkes eMuTyjy ce Beke kommuHe sarabyjyhux matepuja
y ammocdepy [4-8]. O mauajy u obumy oBix emucHja Hajoose cpesodue nosehiane
KOHUEHTPaLije payTiHuTIX H0IyTadaTa (VDEeH-MOHOKCHI, NpaniKacTe MaTepije,
OKCH/TH A30Ta M HETIOTIIYHO OKCH/IMCAHA OPraHCKa je/IMiersa) y ypBanus cpeuHama
ca pehioM KOHLUEHTPAUMjOM WHOMBIIYATHUX [OMKHIITa Y MHOIMM IPailoBuMa
Pentybrmxe CpGuje [9]. Y nokropekoj nucepranmju pasmarpana je Guomaca kao jeran
/1 KJTbYUHWUX ODHOB/BMBIIX M3BoOpa EHEPI'I-TiE, ca nocedHUM OCBPTOM Ha HheHY ITPpHUMeRY,
OPEIHOCT M orpaduderba. [IpsHa GUOMaca, Kao HajsacTyIUbeHWjil obiuK oBOr
EHEPrETCKOr Pecypaa, aHa/ 3N paHa je JeTarbHM]E KPO3 OITHC FEH X KapaKTepicTIKa,
HaunHa yrorpebe u MoryhnocTi nckopumbiersa, AHATUIUPaHW Cy OTEHIMjaATIA
Ouomace y PerryGrmains Cpduju, offHOCHO KOIIMYMHE W pecy pei Kojiu O Morim j1a ce
McKopucTe 3a eneprercke cepxe. Tlotom je npeacrasmen rnpersen  vuelnha
ODHOB/BMBIX WMIBOpa eHeprije ¥ UHAIHO] NOTPOIIGN eHeprije Ha MobarHoM
HHEOY, Kao M HIIXOBA YIIOra ¥ OPOM3BOIMN eIeKTPITHE eHeprije, ca yHopemHim
NpHKEa3oM rIobatHux TpeHaoBa i ctarsa v PenryBmin CpGiju.

Ternoroamm racudprKaliIonM KOTIIOBA Ha uBpcTy Dmomacy (apsa) TOIUIOTHE cHare
ucnion 50 kW mpemmer cy papa mokropeke aucepramyje. OrpaHmsHerse ¥ TEPMUHKO]
CHa3K O[IHOCH (e HA eKCTepHUMEHTAIHA MCIUTHEARA, a aHATUTHYKH pPesyiITaTi cy
OnmITE MpUMENEMBK. Y pamy je aaT npernen KOHCTPYKIMja racuduKarionm
TOIUIOBOIHMX KOTIIOBA MATHX TepMirakux cHara (mo 50 kW) ma uepery Guomacy.
Anamanpana je nocrojehia koHcrpyknmja racidpMKaMOHOT KOTIIA Ha [IPEa TEPMITUKe
cHare 28 kW, kao 1 CFD moziest npeioxkeHe KOHCTPYKLMjE KOT/1a TepMituke cHare 25
kW . Iopen rora, npukasaHa cy ¥ eKCHEPUMEHTAIHA UCITUTHBaLa racnduKanmonor
KOT/1a Ha [pBa Tepaitke cHare 18 kW, Cymrminy moxTopoke AMcepramije Npencranba
O[ITOBOP Ha [MMTake KAaKo [0AaTHHM KOHCTPYKTMBHMM Mepama WUCTOBPEeMeHO
noborsiaTi TpaHcdhep TOIUIOTE, OCTBAPUTH INTO MOTIYHUjE CAFOPeBarse, CIPedTI
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HacTajarse 1 cCHU3MTI emucijy 3arabyjyhux MaTepuja 13 koT/108a Ha uspeTy Gromacy?
Pajn yirrefie Marepujaia ¥ CMarersa eMucHje M3 OBUX KOTIOBa MPHUMeRsVY ce
cnesehe mepe:

» TNpumapre mepe [10], koje ofyxsartajy TexHHHKa pelllersa ycMepeHa ka
NOCTH3akLY NOTHYHOP caropesarsa M CIpedasarhy eMucHje Ipairkactux
MaTepHja KOHCTPYKTHBHHMM e/leMeHTHMa yHyTap camor ko, Ose mepe cy
HajAesIOTBOPHHU]E Kajla MCTOBPEMEHO cMarsyy emuchje sarabyjyhnx matepuja n
nobosemaeajy TpaHcodep TOIOTE, INTO IOBOIM /I0 CMAHEHa  YTPOoILIKa
MaTepujata ¥ YEYIHe UeHe Korna. Y aucepraumin je nocebmoa masma
noceehena mro edwukacHUjoj yroTpedn KepaMHMEHX (BaTPOCTAIHHMX) W
METATIHUX [loflaTaka (TypdynaTtopa) v KOTIOBMMA Ha uBpcTy  GuHoMAacy.
TMomenyT AofaLM Y KOTJAOBMMAa uMajy suecrpyke yiore. Kepamiuxn
poparpn [11] npumersyjy ce npu BUINECTENIEHOM CATOPEBarbY €@ HWHEM
obesbehusama ADBO/EHO AKTUBALIMOHE SHEPTUE 33 EHAOTEPMHE W €r30TEPMHE
peaxmije. [lopen npumapHe (yHKIOMjE, KepaMUHaKW gogarm omoryhaeajy
CMamherhe NOBPLIIMHA 3a pasMeHy TOILIOTe IPaverbeM, a THME Martepujan u
dunanny  uedy koma. Typbynaropu, Kao japyra Bpcra  aojlartaka,
aHamvpann cy v aucepramu ca dokycom ma nopeharme Typbyienipje,
OIHOCHO KoedMInjeHTa Mpenasa TOIUIOTE ¥ KOHBEKTHBHOM fety korma [12],
Kao 1 Ha wmnherne Haolara ca pasMersHBAYKNX TIOBpIIHHA (decTima, vabu,
KOHIIEH30BaHOT Tepa).

» Cexynnapre mepe [13,14], xoje nogpasymensajy yrpamny ypebaja sa kourpony
EMICH]e TPO/IYKaTa cAarOpeBarka (IMKI0HM, hvirTpn, ckpybepn UTLL ) ca IvseM
HMXOBOI CMarbersa Ha 3aKOHOM TIporucate sperHocTi. Y crpyjHoM JaHiy
JIMMHOT Taca, OBE MEPE € TIPMMERLY]Y HIBBOIHO 0L KOTIA W EKOHOMCKH Cy
BeoMa Henosorsie. Kako je pag orpamiden Ha KOTJIOBE Malle TEPMIYKE CHare,
AKIIeHAT je CTaRbeH Ha IPHMapHe Mepe Koje Cy aTPakTHBHWje 1 eKOHOMCKN
WCIUIATUBM]E OfL CEKYHIAPHMX.

Hawne, y pany cv nmpenioxeHa KOHKPeTHa KOHCTPYKTUBHA Pelllerha ¥ KOTIAOBHMA Ha
uspetTy BGuomacy koja he sloecTu o cmamersa emucuja sarabyjyhux matepuja y3
ucTospemeHo nobosimaree Tpancdepa tormore. TlomenyTa peiniersa oreajy ce y
HOnaBarey BATPOCTAIHMX KePaMUUKi eneMerata v Typoynaropa. Ocum o smopajy
/la 3a/10BOTbe M HAJCTPOXKE aHeKkce o emucHju sarabyjylnx matepuja cranpapaa SRPS
EN 303-5 [15], myrrrindy yHKIMOHATHY JONAIN MMajy YJI0TY U [1a YHanpene Tpascdep
TOIVIOTE Ca JAMMHOL Faca Ha KOTAOBCKY BOIY.

CappemeHa MCTpaxiBatha y osoj obnactu [16-18] Texe 1a cmarbe eMUCH]E FACOBHTHX
sarabByjyhux jeauisersa, npe csera npu OTHOUMEbAMY Ca PajioM M TOKOM Halararba
(nopasarby ropusa) v racudmxaimors KomosnMa. Oropwmke 9% racosurin
jelIMELeHsa CB8 EMITY]E ¥ OBIM pe/laTHBHO KpaTKiM nepuojmMa paga. Ca apyre crpase,
NPalkacTe Matepuje ce eMuTyjy npul/IkHO paBHOMEPHO TOKOM paia i Lok je
CMAFLITTIL UX HAJITPe ¥ CTALMOHAPHOM pajHOM peskumy, Kojit obyxsara smme o1 95%
spemena pasa. Jawie, mam fonasara KepaMuuaKix eleMenata u typoynaropa je na
ce eMuUCHje TacoBrTHX 3arabuBana CHi3e Ha MECTY Caropesarka TOPHBOT Taca a Ia ce
MPOTHB eMUCHje NPAITKACTHX MaTepuja Dopu moMoly BUIECTENEHNX CYKIIECHBHIX
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Mepa y TpolecMa; racudpukaiije IpBeTa, Caropesara TOpMBOT raca M pasMeHe
TorroTe winmeby THMHOT raca u KOTIIOBCKE BOJLe.

V Hacraeky mmcepTanije aHamMpaHo je xopmulieme BATPOCTAMIHNX eleMeHaTa y
racuUKAIHOHM  KOT/IOBHMMA Ha JipBa, ca noceGHUM OCBPTOM Ha Hajuemnhe
kopuuthere obiinke saTpocrandmx oneka. [pejcrassen je CFD mopen npeyioxene
EOHCTPYKIIMjE KOMOpe 3a caropesarbe racudpukanuoHor KoTia Ha japsa ca
BaTPOCTA/IHOM Kepamukom. Vlsppmena je cepuja aHamisa yTulaja pasiaMaiTIIX
rnapaMeTapa Ha TpaHcep TOIUIOTE Ca AUMHOI raca Ha KOTJIOBCKY BO/IY, HA OCHOBY
EOJUX ucepTanyja npyAa oarosope Ha cneneha mitarsa:

» Ma mu noctoju onmumManad oliTuK BaTPoCTanHe KepaMuke, nonoxaj ybagHor
OTBOPA FOPUBOL Faca W JMMeH3Hje 30He 3a JoTopesatbhe racona’?

# Ha xoju navmu nonosxaj ybanHOr OTBOpa TOPMBOr raca yTude Ha Tpancdep
TOIUIOTe Y JIoskuinTy Bes ynorpebe paTpocranie kepamMuge?

7 [a v mocTojn onTUMaZiaH Y Fao MOCTaRbaka BaTPOCTATHE KepaMuKe v OfiHOCY
Ha TOAYKHY OCY JOKMIITA M HA KOJM HAYMH KePaMMuKH A04aLM YTHYY Ha
TANOKEHE HECTULA ¥ HORMILTY?

» Ja mm nocToju OOTMMAIHO PacTojaie BaTPOCTAINE KepaMuKe Of 3IWI0Ba
KOMOPpe 3a caropeparse pagu yHanpebera Tpancdepa Torutore?

# Ha xojn naumn BaTpocTanHa kepamuke y 00nmky  kyTuje” yTie Ha Tpancdep
TornoTe?

» Ha koju HauMH cacTas raca M TemrepaTrypa npedrpejaHor sajlyxa, npu
ONTHMATHOM 0DITHKY BATPOCTa/lHe KepaMHKe, YTHIY Ha TpaHcdep TOIoTe ca
[MMHOT raca Ha KOT/IOBCKY Bojty?

V nokropekoj pucepraiujn je rakobe anamsupano kopumheme Typbynatopa y
racudpukaliporyM KoTiosryMa Ha fpea. pepcrassen je CFD mojien npesyiomernx
TEXHUHMKIX pemersa TypOviatopa, wuja aHamMsa mpyika ogrosope ma cnenehe
NUTama:

» Ipu gojim spepnoctimva Pejrosmcosor Bpoja y tuesiMa KOTIa je onmuMaiHo
MpUMersHBaTH TYpOynaTope obivka onpyre?

#» Komkn tpeba ma Gyay Kopaiii onpyre ¥ OpesdHii KULe ¥ 3aBMCHOCTH 07
NpedHuKa esu Vv Kojoj cy cmeurrenn typoynaropu? Ilon uesuma ce
nogpasyMesajy AMMOBOAHE LeBi KOHBeKTUBHOT [1e/1a KOTIa.

# Kako komyern ofimk onpyre Ha crnobogaros kpajy Typbynaropa yvride Ha
weropy edherrneHOCT? EPeKTHBHOCT je rapaveTap Koju HCTOBPEMEHO Y3MMa Y
oGanp nobommarke Tpancdepa Tomwore w noseharbe najga NpUTUCKa o1
crpane TypOynaropa,

YV uspanu jiuceprativje rmonasu ce of TPM 0CHOBHA OCI0H LA

# [lpen ocioman wmHe NMonaiHe KOHCTPYELM]E M Ha FMMa WieHTHdMEOBAHN
npobiemu racupMKalmoHIX KOTIOBA Ha 4BpcTy DHOMACY, MPOM3BEIeHnx ofl
cTpate kommanuje , Panujarop wskemsepunr 10.0.0." 11 Kparsesa.

» [Ipyru ocrionall oOyxBaTa pesyimaTe MCTpaxuBara OpojHnx HayaHuX pagoBa
¥ maTeHaTa Koji ce 0f{HOCe Ha CMamkerhe eMucHje | mobo/kinamke edyMKacHocTH
KOT/IORA, A KOJU €Y ITPEIMET OBe [IMcepTanmje,
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- Tpeh:-l OCITOHALL npe,w:‘raarbajy PEIVATATH M 3aK/BYUITM  [IOCAAMTH X
HCTpaduBarba ocTRapeHMx Ha Kartepu sa eHepreTHKY M 3allITHTY AUBOTHE 1
pajtHe cpefHe,

[Tpobnesu pasMaTpani y ucepramiju oy cnemmdhuiai ro csojoj npupoai. Tpucryn
je yeMepeH Of] KOHKPETHOI Ka OITIImeM: aHaln3npajy ce KoHKpeTHu pob/iemm Ha
KOTIIOBMMA Ha UBPCTy GUOMAcY, [I0K METOIE MPHMEFLEHE ¥ IBIX0BOM PellaBarsy, Kao
W IpejIokeHa KOHCTPYKTMBHA pelliersa, AoBoge A0 (popMy/IMcarsa OMUTHX M
HMIMPOoKO NPMMeHTBMBHUX 3dKhVUaKa.

YV npucepranmji cy mpuMmereHe ciefelie HaywHe MeTome: aHamMME, XHIIOTE3a,
egayjaija M excnepumeHTanHa notepaa. [Tpeamer mcrpaxuBsara, gedpuriicarse
OCHOBH X IIC—jMUBﬂ, Kao oﬁpaua EKCIEPHMEHTATHUX ¥ PadyYHCKMX [OJaTaka
3acHUEAjY CE Ha MOIITOBANY Py HIaMeHTATHIX HAYSHIX TPIHINIA PelesanTHiX 3a
obnnacT Kojoj IMcepTauMja npunaga: 3akoHa oOpeKara Mace, 3akoHa oipskarba
KOTMUIHE KpeTarsa 1 3akoHa oipxarsa edepruje. Cea Mepersa M eKcliepuMeHTalHa
MCTIMTHBALA 11 CBE HYMEPITUKe CHMYyJIatiuje Koje cy y itmcepranumju ypabetie sacHusajy
Ce Ha MOMToBarYy Halpel HaseleHuX HayHUHUX MpPHHILITE, Cra ERCHePUMEHTATHA
MCTIMTHBAHA TEMELe C8 Ha CTAaHIAPAW30BAHNM MeTONONIOTHjaMa Meperba, YiMe Ce
obesbebyje penpesenTaTHBHOCT W BamuHocT aAobujenux  pesynrarta, Hanpen
HABEJEHM NPUHIMIM W Meperba [peicTambajy Temelb CBera peanusosBaHor y
HOKTOPCKO] JAucepTaiijin.
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2 BMIOMACA KAO ObHOBJBbMBU M3BOP
EHEPI'M]E: KOPUITREBE, ITPE[JTHOCTM
M HEJOCTALIM

V nureparypu nocroju Hekolmko aeduHmpga dbuomace, [Mojam ,buomaca” je npai
nyr nedpunncana, y 3akony o eneprerckoj 6esberocru 1980. ropmne [19], kao Guno
KOja OpraHcka Marepija Koja je HocTynHa Ha oDHOWBMBO] OCHOBH, YELyayjvhn
HOBOIPUBPEIHE Yoese 1 NO/LONPHBPEIHM OTTIA/ M OCTATKE, [APBO 1 JIPBHI 0TI 1
OCTATKE, KUBOTUHLCKH OTT1aJL, KOMYHAITHI OTHA/L W sojleHe Divske. Y ormureM cmucny,
OuoMAca NpecTaRLa MIMPOKY JIenesy Marepijaia Koju ce KOPHCTe Kao CHPOBHMHE 1
TOPHEO, M KOjU MOTHHY O AOHEeNaBHO XUBMX oprammsama [3]. Ha ocnosy [20],
DuoMaca je oprancka MaTepuja Koja ce Moxe npersopiti v edepryjy. [pema Hnany
4. Ha 0 kopuinhersy obHorbMBIX M3BOpa edeprije [21], Guomaca ce pedmrmme
Ka0 DUOpaIrpajIuei jIeo NpoMiBoja, OTiaza M ocrataka OMOIOUIKOr NOpeKia 13
Epronpuspene (ywbyuyjyhn GwbHe W KMBOTUIMCKE Matepuje), mymapersa u

NOBE3AHMUX VHAYCTPUja, Kao 1 OUOpaIrpaIMen €0 MHILYCTPUCKOT M KOMYHaIHOT
OTIAMA Y CKIAZY Ca MPONMcHMa KojiMa ce ypebyje yripasbare oTnazoM.

buomaca ce ce BuUIIE TIPero3dHaje Kao CTPaTeIlK BaxkaH M3B0p 0DHOBLMBE eHeprije,
Ca 3HAYajHUM [TOTEHIIMjAIOM 3a NPOM3BOIY DHOTOpPHEBA 33 TPaHCNIOPT, Kao M 3a
nobujarbe enexrpudte u ToroTHe edeprije [22]. Owa npecrasba IIMPOKO AOCTYTaH
pecypc, ¥ Kao Takas je HapodlTo 3HavajaH v VoIIoBHMa MOTeHIHjaTHe HeCTaliiile M
nopesmeliaja v cHanGesary TpagMOHATHIUM eHepredTMa. Vako je v Peny@marm
Cpbuju ocrsapeH 1M3BeCTaH Halpelak y MIrpaiii Kanauurera 13 oDHOBIBIBIX
M3IBOPa eHeprije, eHEPreTckn CHCTEM 3JeMBE W JIA/be ¥ BEMKO] MEPW 3aBiucm o7,
drocrmamx ropusa [23]. C i v Bean, kopumliere erepruje w3 00HORBUENX M3BOPa
NpeIcTaBba jaBHH MHTEpec M MMa nocebaH 3Hauaj 3a eHepreTcky OGe3benHoct,
EKOHOMCKH passoj u sawrmaty xusotHe cpejmnie PenyGinmke CpBuje [21). Crpareruja
paseoja enepreruke Penrydmke Cpduje no 2050. rogune [23] nocraska Kao Ksyuny
BU3M]Y OuyBalbe eHeprercke DesbestHocry, ca mubeM /1a eHePreToki CeKTop Nocrate
VIIBEHITMHO HeyTpanad y Hajeehio] moryhoj smepn.

Enepruja Buomace macTaje doTocmiTesoM M nooiemmima je Cynderor apauersa. V
npoiecy (POTOCHHTese, OpraHu3Mi Koju caapxe wiopodu (npe ceera seiene Ouibke
nanre) y3 nomoh CyrHuese ceeriocTi o pebeHe TalacHe 1y AMHE, VITheH=IIMOCKMIIA 13
arMochepe 1 BOIE W3 3EMBIIITA, TPOU3BOJLE XEMUCKY BHEPIVY Koja ce akyMy/npa y
buomac OweHOr moperna, Kao u Knceommk [24]. Hajsefimr penom, nponec
droTocuHTEIE CE OZIBMja ¥ IMCTOBMMA, JIOK Ce 3HaTHO pebe jarmka v kopeny u crabny
[25]. Yonmrreno rosopehu, dorocunTesa npersapa mame ot 1% noctynae Cynuese

5




Muyanmgbymxiguonainocn xepaMuskux w Memaanuy dodanrara y kongobuma wa Guosmacy

CBETIIOCTH Y YCKIaMIITeHy Xemujcky eHeprujy [26]. Tokom mame Tpancdopuaimje
MPOUIBEIeHe XeMUjCKe eHepruje v YIbeHMM XIpaTuMa HAacTajy CTpyKTypHe
KoMmioHer e Gromace: HeTy1038, XeMMUETY103a 1 JIMMCHIH, 0PpH YeMy HUXOoBa
pacniofena 3asucit o Bpere Gromace [24]. Ha Ornimm 2.1 npuka’aHo je Kpykeme
YIBEHHKA TOKOM NpoiBeoike i kopuifiersa DitoMace kao u mporec hoTocuHTese.

Wb H- AHORCH
YOWRRAMWITEH y Gleomacn

spaha ce y armocdepy finomaca ancoptyje

[ ,P';,] p YU AEH - UOKCHE HpO3

| NPpoUeT HOTOCHHTEIS

Guosmaca ce l - s ’ =
IH]PH{'I“ 1A - -- - e —
MPOHABOIY E : I
SNEHTPHYHE W

TONHITHE
eHeEpIHje

Y

m—— e — = —

YT aEH - WO REWD

EHEPIAja IPavEtba

BOMAA < VI/BEH-HOKCHA + cam?chr — [YKO3A 4 HHCEOHWK

I
|
I
I
I
I
I
I
|
I
I
I

6HO +  6C0, + eveerwaseavewa —s CH 0, + 60,

Crmxa 21 | Kpvaese Ve TOROM TPossior e 1 koprilensa Ghomace 1 mpouec dporocinmese (s
Al Dnreke rmpeTsapaly eHepTHy Fpauetha ofl CyHua v xesugoxy exepriy y ofmmy rykose s miehepa (Crima
rpeyaeTa ws pedp. [27 28]).
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Hawie, Guomaca ce cuatpa ODHOB/BMBMM M3IBOPOM EHEPrUje jep ce FeHnM
caropesarseM ¥y atmocdepy ocrnobaba  yrbeH-MoKcH Yy KOMMUMHM  Koja  je
eKBUBUIEHTHA OHO] KOjY je Duibka Tokom dpotocunTese ancopbosaiia u npersopivia y
Guomacy. OBa TepaHa Baxy, npe cera, 3a Opaopacryhe Grkke Koje ce caai ¥ CEKY Y
Toky ucre roguae. Mebyriy, mrrame je mta ce gemasa y oryvajy OrpeBHOr JIpBeTa,
koje ce y PenyGman Cpbuju Hajsuine kopuctu 3a rpejamse omahuncrasa [2]. Hae,
caropesarkeM OrpesHor mpsera nobujedor cedom mymckmx crabana, ociobaba ce
KO/IMMITHA YTUBEH-IIMOKCHIA Kojy oy crabna ancopbosata TOKOM UgIOr KHBOTHOT
Beka, koju ce Kpehe og 40 no 100 rommma [29]. Taj pemenckn mucbanaHc JOBOII ¥
NUrame KoHuenT C0, HeyTParHOCTH, OCHM Y CTYHajeBMMa Kajla cy UMKIYCH pacra u
eKcruioaTaifije Bruomace y paBHOTEXeHM 1 TT0[PAKAHN AKTMBHOM LIYMCKOM 0BHOBOM,

30or sHavajHUX BApHjalMja ¥ rorejly pasHONMKOCTH, KOJIMMMHE M Cacrasa, He
MOCTOj  jempucTeen  kputepujym  3a  knacudmkanmjy  Guomace.  Moxe ce
K1acpMKOBATH ¥ 3aBMCHOCTH Of1 BpcTe HIoMace Koje MocToje ¥ MpUponH, arperarior
CTarha, TIOPeKiia CHPOBIMHE KOje ce KOPUCTH 3a FeeHo J00Mjarke, KOHKPeTHe HaMeHe,
obinactn npumene wr. Yausmajyhu v obsup HasegeHo, y JIMTEPATYpPH NOCTOjM
HEKOIMKO nojiena Guomace.

Hajuemhe xopmmnhena xnacudpuxatngja [27] xoja aem Guomacy y pasmmure rpyme
3acHOBAaHA je Ha spcrada Guomace Koje NMocToje y TPUPOIH (MpemMa exoNorujin Him
THUITY Beretalije), n npukasaxa je v Tabenn 2.1,

TaGena 2.1 | Knacudnkauuja Buomace: rpyne, copre u spere [30].

[pyna Copre u ppere

HeTuHapoKo Wi AHCTONRITHD; CKPMBEHOCEMEHHITE WiIH
rofocesern e craliixe, rpase, Jmmihe, Kopa, opsHa ceuka,
KOMAIH APBETa, e1eT, OPIKeT, MUbenHa, OTIALM HI IUIaHA
M APYID 0f] PASITHUHTHX BPCTa [PBeTa.

Hpso w gpsxHa GuomMaca

Tpase 1 usche (ayuepea, apynao, Eamﬁyc, Kynycisada, Tpoka,
APTHYOKA, MUCRAHTYC, HPOCH, THMOTHERS TPaBa, WTIL ) cliame
(jestant, J1aH, KVKYPY3, MEHTA, DBaC, Y/haHa PErHLA, ITHPUHAY,
CYCam, CYHUOKPET, DEHWIA, WL ) octani ocranm (sohe,
ThYCKE, KOIITHLE, JPHA, CEMAE, wr).

Buomaca WHLACTIX CHEPIvTeRNAN
r._v.'rrypa.

MI.IFI._KE FUTH CHOTEOBOUIHE UINe; Makpodinre {ﬂ."lﬂﬁ&, I HE,
BDJ'.I.E}IEI Duosmaca INABO=3E e HE, CM["!‘JE, IIFI!.L'HE'} FUTH MHKPORINE; K anne,
jesepcre anre, BoaeHn 3yMOyiL ML

Buosaca AUBOTHILCKOT 1 ) g
Kocru, nepuje, passe spore crajiaka, 1L
THYICKON OTHAAA
VY nojepram eryajesisa, Kajga oy cVIcTPaTi Koji npriaiajy
Memanmie Grnomace PAXIIMITTIM NPETXOAHO HABEIEHUM TPYIAMa TPUCYTHA Y
MEORITO] POPAI, OHW O8 CBPCTARAJY ¥ OBY KATETOPHY,
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3a wro edpukachrje kopunhere GuomMace HEONXOMHO je Pa3yMeTH HeHe OCHOBHE
KapakTepucTure, meby kojuma je u arperatho crame. YV Taberm 22 npukaszasa je
MOIENA ¥ 3aBMCHOCTH OJL arperaTHor crarka [31]. Osa nojesna vMa BelMKy BaxHOCT jep
VTHHYE HA CKIaIMINTER:E, TPAHCTIOPT, pepaty 1 dwHanay ynotpedy Guosace.

TabBena 2.2 | [logena buomace y 3aBMCHOCTH o arperaTHor crama [31].

ArperaTHo crarse Bpere

Orpento gpeo, neer, GPUKeT, IPEHA CeuKa, OTTIaz i
|I'l.}'ll!}hl’.' II}[]I._‘."E'I’FI-I]‘:&.‘ rll'.'ﬂl.i,‘ﬂlll]!ﬂ, ITFP)’IIJ'I'IH-LEI.], LlJ!.«'l.IEkH
Yupcra Buomaca omay (rpane, Kopa), NOsLOIPHEPETHI ocTaii (ClasMa,
KYEYPYIouHHa), opradckn omal (Gadmrenckn ornag),
KoMyHanHy ornan (GwsHor nopexkna) w, [31,32].

Teuna Buomaca Butoypiaes, Buoetanon [34].

Facowura Buosaca Buorac [M].

V TaGenwu 2.3 npukaszana je nojena y ckiajiy ca MopekinoM n (husnuko-xeMujckmm
CBOJCTBHMA CHPOBHHA KOjé ce KopucTe 3a robujarbe opipeberie spcre duomace [35].

TaGena 2.3 | llogena Guomace vy 3aBMCHOCTH Of CHPOBMHE KOja €8 KOPHCTH 33 MeHO
nobujame [35].

Mpyna Bpere

Fiokeia Gitckiica Orpesso gpuo, srnesmerapeka obroumia, nemer,
P bpurer, IpBHa ceuka, OCTALIN JIPBETA,
IMuernaea cnama, crab/bHke CYHIDKPETa,

Moveonprspernia Guosaca :
KVEY PV S0BHIA, T4CKE CVHIOKPET, ORACAK, KOUTHIE,

Eneprercin sacaitu BpBa, monona, barpes, eykamanryc u,
Buomaca ca dhapMm K HBOTHH:A HMasmer mupormea (aHaepolHA pasrpantsa y qHrecTopy ).
Buoropuea Buogusen, bnoeranon.

Senern jeo peupkimpator kyhaor ornaga, Bruosaca wa

[pagexn o
NAPROBA M BPTOBA, MV/b W3 KONEKTOPa OTIAHIX B0,
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Ocnoete TexHoIoMje TpaHcopMalje DOMace V eHepreTcke CBpxe NMPHKasaHe ¢y Y
Tabemi 2.4. Tpancdropmarja Gromace y TOIUIOTHY W eNeKTPUMHY eHeprujy, i pyra
Guoropusa, oduuHo ce KiacuduKyje y Tpu ocHosHe Kateropije [27]:

» TepmoxeMujcka KoHBep3uja;
» Buroxemujcka KOHBep3Mja 1
7 (DUIMHKOXEMU]CKA KOHBEP3iHja.

TaGena 2.4 | Ocuosxe TexHonoruje Tpancdopmaunje Guomace y eneprercee capxe [27].

[MpouegTexHonorija Ciupopnnae DHHATHK OpOoNzBoL
Noveonpuspeaay octan Tonnorsa exepriga
Caropesarmse Ocratpt gpeera Enesrpiraia enepriga
AnsormscEn 0maj
Nowonpuespegin ocmamy [Tupomemimixko yme
[Muponmsa Ccratm LpaeTa [Muparmmiass rac
Tepuoxemujoxa i
KOHBEPIHja = - - o

Facuchukainja

[Mamonpuspespy ocranm

Ocraiy paera

Fopuem rac
Teuma ropuna

Ysperu ocraTax

Nuknechaximja

Moswonpuspepo ocranm

Buosmaca anm

Ty bprso/ Guoropuso
CHHTETHYRM 1ac

Teuna ropusa

Buoxenujcka
KOHBEP3H}a

Apraepolina purectija

AHBOTHILCK K OTTIA)L

Kauanmsan o My

Teuwna roprma
Buorac

Enegrpruna exepriga

bepaenTaiiija

TMosonpuspesiHi ocraum
WMehepia

Cxpob

Teuna ropuea
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bubta yisa Teuna ropima
Ecrepudrukatimja
P aRONeM HjeKa

/ AHBOTHILCKE MACTH Fnmuepon
KOHBEPIHja

Tpancecrepudrkanja Ormagsa yrea

[Mperxomia Tabena mokasyje pma TepmoxeMujcka Koupepauja obyxpata mpoliece:
caropeparha, MUpOITA3e, racidrKarije 1 ke dakingje.

Ca nojasom caropesarsa cycpeliemo ce cBakoIHeBHO, Kako y noMahuHCTBY, Tako 1y
MHIYCTPMCKMM 11 eHepreTckiM cucremmma. Caropeparse NPeCTaBiba  CIOKEH
q."l-"lfll-l‘-lK(J-KEMHifKH MpoLec ﬂm"!ﬂallﬁjﬂ CaroprbMBMX KOMITOHEHATa ropUBa, [pr YeMy
nonasu 1o ocobabara 3HavajHe KOIMYIHE TOITIOTHE €HEPIHE, @ YeCTO W CBeTIIOCTH
Kao BMUbMBOr mpoaykTa peakumje [36]. Teopujoru, caropesarse mome G noTiyHo
¥ HenoTnyHo. Y cay4ajy kaza je xkoedmmmjeHT Bumka Bazyxa A>1 caropesame je
[MOTOYHO, IITO YKajdyje Ha CHPOMAIIHY CMemry ropusa u sasgyxa. Hacympor tome,
HETTOTIYHO Caropesatse HacTaje Kaja je koedminjedT suinka pasytyxa <1, urro snaqun
71a je cMema ropuea u sainyxa Dorata. Y creapHocTi caropeeatee je yeek v sehioj
Marbo] Mepu HenotnyHo. [lpoiec caropesarsa OfIBMja ce YHYTap Kosope 3a
caropesarse npu Temreparypama el ox 800 °C [27].

TMupomna npeacTamka MPoLEC TEPMIMKE Pasrpaiibe HBPCTUX TOPHBa TPH BUCOKIM

Temreparypawma, bes mpucycrea Kuceonnxa [ 3], u obyxeaTta verntpu ocHoBHe dpaze Koje

ce OIBMjajy Ha PaITMUMTHM TEMIIEPATYPCKMM HUBOMMA Tipema cieneliem penocieny
27,37):

» Cymeme Gromace npu Temnepatypama y oncery oa 100 no 120 °C,

# [Nesonanunmbanuja Manasaux racosa, yoastom Np, C0 n €05, kao u CH30H Ha
Temnepatypu oa 275 °C,

# YV TemmeparypHom uHTepeany op 280 mo 350 *C oneujajy ce ersorepmie
peasiHje TOKOM KOJHX 101231 [10 YK/Iathalha CIoMeHNX XeMHJCKMX jeliibera
(kao wTo cy KeToHW, aaexunn ur), satum C0,, €0, CH,, C.Hg v H; kurarsem
HajcrabIjHX XeMHJCKHX Be3a.

» Ilpn Ttemnepatrypu ojp oko 350 °C ponasm o wcnapaparba NpeocTanix
WCTIAP/BIBIX  je/iberba, mTo peaynmyje nosehanvm yrenom Hy, €0 w
yvosennka. Osaj viobeHnk ocraje y oDIMKY IpBeHor yvivsa Kao ocrarak. To sHaun
7a ce mpoLecoM Imiponmie gobdujajy w UBpoTH npoaykth kao wTo oy eeh
MOMEHVTH JIPBEHN VIAb,

V Hajonurmjes cMuaty, racidHKanija npecTarka IMpeTEapatke TOPUEa, Koja cafpxe
YIBEHUK, Y TFacoBuTe MpoaykTe Koju uMajy Tormotay soh [3]. TMoueran paseoj
TexHOOrMje racudukalivje TOKOM paHKx [Jelleduja asajeceTor seka Do je v TecHo]
BEM Ca [MPOLECHMa IMIPOJIse, 10K JaHac v [IpoLeciMa racipukanyje JoMuHapa
napiuujaiHa okCHIanMja Tj. HeToTnyHo caropeparse. Jakne, racuduxanmjosm ce
nobuja ropusn rac kKoju ce cactoju og €0 w H, y pazmuauTiM ofHoCcKMa, ditja
koMOunaingja wuan pehMHCKM jle0 yKynHe sanpemune. Y CVIITUHM, Npoliec
racucpukaiimje Suomace obyxrata cienehe uernpn cpasze [27,37]:
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# Cymeme (eHpotepmHa dpasa). Y oeoj dpasi, Biara cagpikasa y Guomack ce
VKIama 3arpesarbem Ha Temrnepatype wsHaz 100 °C, u npenasu v cTare BojieHe
nape. da Ou ce npoliec v HOTOYHOCTM 3aBpiivo, Temieparypa ce fabe
nosehaea no oxko 150 *C. Konwuunea notpebue eneprifje 3a oBy a3y OMPEKTHO
je MponopHMOHATHA cagpaajy eiaare v Duomacu, M yDIaBHOM TIOTHYE M3
nmperxoyiHe daze okcuatmje [38].

# TMupormza (ennorepmua dasa).

» Orcupaumja (ersorepmna dasa) ce CrpoBOIW J0IABAMEM Male KoJIMHUHE
kuceonmka (4 < 0.5) [38]. 'mapna ynora ose dhase je reHepucarke TOITIOTHE
eneprije norpebne sa cnposobetbe LeAOKYITHOD MpoLLeca.

# Pepykumja (enpgorepmua dasa). 'V oeoj drasn ce Tpancdopmume cuelna,
nobujeHa W3 TTPETXOOHIX Paza MUpOTHIe W OKCWIAlMje, IPH HeMy ceo
HP()I.-‘BBOH,I-{ I"O'PHBH rac.

Nuxpedrarumja npencrasba TepMOXeMMjCEN OPOLEC KoHsepsuje GuoMace xoju ce
OfIBMja Y BOIM OPK YMepeHuM TemIepaTypamMa v pactody of 280 go 370 °C w noxa
BUCOKMM TIpHTHCKOM, 061aso o 10 1o 25 MPa [27).

buoxemmjcka konpepawja obyxsata nponece adaepobne qurecTrje u drepamerTaiije.
Osa epcra xonsepauje omoryhasa pasrpammey Ouomace [0 JOCTYTIHINX YITbeHMX
XWpaTta, Koju ce, v3 npumeny Suoitomkmx areHaca (fakTepuje, eHIUMKM WTIL) MOTY
TpancdropMucaTi ¥ TetHa Duoropuea, DUorac v pasiuunTe BpCTe DUONPOMIEOIA
[27,39].

Anaepobua qMrecTija npeicramba GrUOXeMUjCK ITPOLIEC PasrPajiihe KOMIUIEKCHIX
OPraHCcKHUX jeIikera o7l YTHIAjeM paimmyauTiX BpeTa Daktepuja v yoloemaa Ges
npucyersa kuceornka [40]. TTpotiec ce cactojin off 4eTnpi ocHosHe drase:

# Xugpormmza. Y npeoj dpam amaepoDHe aurecTije, KOMITIEKCa OpraHcka
jemMbersa (Kao mWTo Cy VIUBEHM XHIPaTH, NPOTEMHW, MAcTH) c8 paiaxy Ha
jenHocTasHMja opraHcka jeauisersa (yropyuyjyhu wehepe, amyuHokucerniHe u
macHe Kuceiinae) [41].

# Kucernmucka dpaza (anmpmoreHeza). Y gapyroj dasm aHaepofHe gurecTmje,
anwaoreH  MukpoopragwaMu  (depmenratusne Dakrepmje) HacraBmajy
pasrpatisy nmpoussoia nobujeHnx TokoM xuipomnse npoussonehn NH,y, €0,
Hy, H,5, anxoxone w mke sacue kucermue [41]. C obanpom na To na
RIWIOrEHSI He [OROLK /10 MOTIVHE pasrpaaise Duomace, HEONXoQHO je aa
yolean HapenHa dpasa kKako Om ce obeideuwim npenycioEM 33 KOHAYHY
npoayKuMjy Metata [27].

7 Cwupherna dasa (anerorenesa). YV osoj dasm Hacranu mpoussonn ce roj

nejcTBOM auetorennx GakTepuja KoHBepTyjy ¥ cupherny xmcemany, H; n C0;

[41]. Anerorenn MMKpoOOpraHuIMI (PUHATTH3Y]Y TTpOIec pasrpajme Guomace

uiMMe wlaKINasajy MeTaHoreHuM apxejama a1a npowasone CH, [27].

Meranorenesa npeacramsa saspuiny dpasy aHaepobDHe [IMIECTHje, TOKOM Koje

ce CH, redepiine 13 mMABHUX ITPOMIBOIa alleTorenele - rpe ceera cupherne

kucemune u £0;, kao u H; [27].

v

[MTpouec hepmenTanmje obyxBaTa HHU3 noBeIaHIX GHOXEMMjCKIX peakiIija v KojitMa ce
jerHocTaHn mehepu (MOMYyT xekco® W NeHTo3a), nof aHaepobHUM YOIoBMMA,
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npetsapajy v etaHon 1 €0, V3 fejcTBo MUKpOOpraHi3aMa, MpeBacxonHD KBacalla 13
poyna Saccharomyeces [27]. Ha camom Kpajy mporieca KoHBep3uje, €TaHo ce MojiBprasa
AECTIIALMI 1 Aexuaparanmjn pani Aobujaika KOHIEHTPOBAHON AIKOXO/A, [10K Ce
NPeccTaa YBPCTH OCTallM MOTY KOPUCTHIHT Ka0 MOPHBO YV KOT/IOBRMMA MITH Kao XpaHa
3a croky [42].

DusIrKoxeMIjCKI Tpolecn koneepsuje Guomace 10BoIe 110 TPOH3BOILE Guoropusa.
Ecrepudmkamija mogpasymesa XeMHCKY peakinjy v Kojoj KHcelMHe pearyjy ca
ATKOXOIOM, OpPHM WeMy HacTajy ectap W Bofda kKao Hycopomieopg  [43).
Tpancecrepudiraiiitja NpeAcTaBba KBYHHE KOPAaK ¥ MOPOLUECY [pOW3BOIILE
Ouomm3ena, M MOZPasyMeBa XeMU|CKY PeakuMjy y Kojo] TPUINIMLEPHaM pearyjy ca
anmkoxonoM (Hajuemhe MeTaHOMTOM) YV IPUCYCTBY Katamsaropa [43]. V okeupy osor
npoleca I0asK /10 3aMeHe aJKoxanHe rpyne y nocrojehum ectapuma Jipyrom
ATKOXOITHOM TPYTIOM, TI0 MEXAHUIMY CTHMHOM XHIIPOIII A1 Ca alKoXoIoM YMecTo
BOJIE, TPH 9eMy Hactajy Buomusen u mumepon kao nycnpovssosn [44].

Iaste mpeHOCTY 1 MaHe ynorpebe GMoMace Cy CHCTEMATHIOBAHE U NPeACTaBbeHe
y Tabenu 2.5,

Tabena 2.5 | I'nasue npegnocty u Mmane ynorpebe Guosmace [31],

IMpeanocrn Mane

Eneprvja akymympasa y npeso| buomack je
XEMHCKE ITPHPOLLe, M 0L Y CHoBM

KOF rrmlyupa:-nu' C}E.‘!,U,ﬁll.‘lﬁ‘nlha. I:Ilpu!ﬂd.!l-ull
osmoryheta je craliwina npoissoaiha eHeprige
Des npeknia pajga, s pasimky ol pyri
OOHOBEHBIX M3ROPA eHEprije (HITP. canapHe
WIH CHEPTHjE BeTpa) Yiji pal saBucH o
Fl'PlJME‘I‘I."hHB'F‘IX FIITVMATCRX VOTORR.

C obanpos fa ce HHosaca HecTo TPETUPa Kao
€0, HEyTpaliaH HIBOP CHEPrHje, HeHa YIoTpeha
CE MOKE TIOCMATPATH KAO KTMMATCKHW IOBOBHA.

Buosmaca ce obmuro oImKyje HUCKIM
cappaxajes nenena, Su N,

Buomaca oo obirsHo 0UIHEY]e DOBMIeHI
cAfLpERajen MCTIAPIBMBHX MATEPH]a, Kao 1
asauajim KoHuesTpaumjasa Cg, M, My, 0 n P,

Buomaca noxasyje BHCOKY PeakTHBHOCT TOKOM
npoteca koxpepaje o ovoryhasa
edpikacHiy Tpancdopmariuy v KopicHe
obrmke eHeprie.

Mako ce Guomaca cuperasa y olNOBLHEES HIBOPe
EHEPIUjE, ¥ KOHTEKCTY aHaIM3e KOMIDIETHOD
AHBOTHOD LUKAYCA, MOKE C¢ oMaTpaTii
FEHMMISHO ODHOWEHBIM HEIHOPOM BHEprite.

Hepocrarax yearamenocTi y pHMesy
CTAHIAPANIOBAHE TEPMHHOIOTH]E, CHCTEMA
EnackdTratie 1 pakefi Tex Ky
CTAHIAPAA Ha MIOBLIHOM HUBOY,

HE‘JU‘IHN BHO HOAHABA HE W BEiTNKS
PAMIVHUTOCTH ¥ CACTany, l.tl-ﬁb‘l‘lhlﬂ-x&?ﬂl-!i:hlt”
ocobiHaMa i KBUMTeTY Guomace.

Buomaca ce obuarn U..'L'JHK}’jE' ITORTT L H 1IN
cajtpaajes noare, CL, K, Ny u M,

Buostaca nMa penaTiBHO HHCRY eHEPIETCRY
IYCTHEY ¥ OUHOCY Ha POCHIHA ropHEa 1o
MPEICTAWED OFPAHNYEILE Y TOITIeTY
CRIAIMIITE A 1 TPAHCIIOPTA, Kao 1

e KACHOCTH Rropesarka,
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Pemyryje racose koju npomasosie edwekar
crarnene Gaurre, it omoryhasajy edpukacHo
YIpasibathe OTIajoM.

Toxkom npoueca caropesarsa Guomace, ogpebene
OMNACHE KOMIIDHEHTE, KAD [T CY TeLIKH
METAIM, MOTY C8 AeTHMITYHD BESATH 3a [ereo,
HUME O CMALY]E FiHx OB eMucuja y
armocchepy.

bBuosaca IIF:'.!J,EI‘-!.H.!I.-G II.II."IPIJIEI J.l,lﬂ!.‘l’)’l‘l.i!.H
pecype.

BroMaca nokasyje usyseTHy DHopasT paiiBocT ¥
IEMIBMINTY, [PH YeMy ce npubimosio 95% mere
OPTAHCKE MATEPH}E PasIPajii y HepHoLy
kpabes o mecen iaxHa.

Paseoj DHoeHe preTckor CexTopa Moxe
JIONPHHETH PEBHTAITRALIH PYPaiTHmnx
HOSPYSD KPOd CTHAPAESE HORIX PATHI MECTA,
UHME O ITOACTHYE JIOKATHN KOHOMCKH Paiso] u
CMarsyje METPaiHfa CTAHORHVIITEA,

BHOMACA M HEHH HYCITPOMIBOITH [TPEICTaRbajy
EROHOMMYAH PECYPC 33 TTPOMITHOIHY
copBerara, hyBpuea, cpeficrasa 3a

Kamd MEaLigy ¥ HeV TGy,
rpabesHHCKHX MaTEPHja/la, KAD W 33 CHHTEY
WITH B Rajaree oppehenx xesnosmnx
eneneHaTa 1 ]e.u,m-um.a, UHME O MO e
HPKYIIAPHA EXHHOMIA I BHITECTPY KA
MCKOPHMCTIBOCT PECypea.

Kopimhere ipeie BHOMACE JOMPHHOCH
jauary exepreTcre GesbeHOCTI CMAatbEHEM

JABMCHOCTI (ML VRO #IIH.I]I!.‘-'EK ropuea.

[Mponseonia Droropiea 13 DHoMace Moxe
AOBECTI 10 noTeHuEjaniior cykoba ca
HPOMIBOIIEOM XPaHe B CTOHHE XPpae, nocefHo
KA/1A CF Ka0 CHMPOBHHA KOPHCTE
nobMNpUBPEIHE KYITYPe Koje CY iHave
HAMEFLEHE [BYICKO] MEXPAHK I HCXPaHi
CTOKL,

IlpexosmepHa ceua 1 HEPAIHOHATIHO
VOPABLAIE LLYMCKHM PECYPCHMA J0BOIE 10
CMAMEHLA KATATIHTETE EKOCHCTEMA 3
ancoprpjy £0;. Takobe, Moxe A0BecTH 10
ASrpajialiHje WMLINT, eposije 1T,

Hpactino ce noseliana uesa orpesHor gpeera

M IeNeTa Y NpeTXOoiimx HexoiuKo moaria.

[Mpossomsa Drosace saxTesa sHaYajHe
OOBPIIMHE TUTTHOT 0GPaiABOr SeMBHILITL

[Morermmjarm Texsonomkn mpobnest
NpRTHEOM TepMiike ofipae

[Tpouecy caryvbama, TpaHCHOPTa,
CERIAIMIITEHA W peTsoaHe obpane Guomace
HECTO NOIPAsyMera)y BUCOKE TPOIIKOBE,

Passo) undrpacrpykrype sa npepaay,
HPHIPEMY H EHEPTETCRY YioTpedy Guosmace
JANTEHA IHANAJHA NONETHA Yilarama y
TEXHOOUERR QT PEMILE HA nm-pnjen-a. urro
MOME TPEICTABBATH EKOHOMCKY MPETPERy 3a
HPY NMPHMEHY.
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2.1. APBHA BMUOMACA

Ha ocuoey TlpasmiHuka O TEXHUYKNM W JIPYTHM 3aXTEBMMa 3a UBPCTa ropMea 13
npsre buomace Koja ce crasbajy Ha Tpamirre Penybike CpGuje [45], apsra Guomaca
nedpurmcara cprickum cranpapaom SRPS EN IS0 16559 je Guomaca koja notuve on
npeeha, rpmba 1 xKGyHa 3aje/HO Ca FHUXOBUM IUIOAOBUMA, JIMCTOBMMA M UI/IMIIAMA
ceojcTBeHMM Duromack. ¥V JUTepaTypy NocToji HEKQITMKO Nojiena JapeHe Duomace.
Krnacudmkaija apeie Hiuomace ce Hajuerhe spium npema rweHoM nopeksy [32], u
obyxpara cnenehe kateropuje:

5

v

[Mpumapna apsta Sromaca koja cazipskn Apso w3 myma. OByxsata crabna koja
AKTUBHO PacTy (#WBa OIPBHA Maca), Kao ¥ MpTEY apsHy Macy (obopena, cypa
1 Tpyna craliia i rpade) MpUCcYTHY YHyTap INYMCKOD EKOCHCTeMA. JaTim,
ceda apeera ofyxsata npocevan obum ceux crabana Koja oy nocedeHa vy
onpebeHoM Bpemedckom nepuoy, Ges obsupa Ha To ma s oy dusiuky
VEIOmEHA W3 myMe. Yamarse JIpeeTa o8 0HOCH Ha TOIWIHEY KOTTHaney
IpBeTa Koja ce 3arpaBo M3B031 U3 MIYMe M Koja reHepuire mpuxof, Ouno kao
WHIOPYCTPHCKO WM OTPeBHD Ap B0, TOKoM HaBeeHHX ITPOIeca HacTajy ocTaly
Kao urro cy rpane, muihe, koperse u Marbe crabibmke.

Cexynnapsa jipsxa OuoMaca Koja cajipau MHIYCTPUjCKo 1 koprmtheHo [qpso.
Obyxsara ocTaTke W OTHAT M3 MHIAYCTPUCKHMX Tpotieca obpajie npsera (monyT
NWHEBMHE, KOPe WT/L), KA0 1 OTHAIHO JIPBO HAKOH [OTPOIIHE KOje NoTHYE 13
MPOMEBONA O/ JIPBETa KOJH CY 3aBPIIUIN CBOj AMBOTHI HMKITYC.

Crixa 22 | Hajuendwe opranher ofmvms npsne GHOMa0e Koo eHEPreHTa: a) orpesin apso, 5) nemwer, B)

mrnEeseTapeka b, 1) GprmeT, 1) jrpasa cevxa, B) ocran jpeeta
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Ha Crmmn 2.2 npukasanu oy Hajaenthe kopumhenn obmags npexe Guomace. Ynpago
ce jenHa o moryhux kinacudwmkaimja w BpIIM NpeMa rasHoM oBITHKY, OHOCHO
HAUMHY HPUITPeME 3a TPAMIITE 1 eKCIoaTa iy, P YeMy ce jipsHa Bromaca Jiem
Ha [24]:

» Ueno crabio, apeay cedky, ppobseHo ropuso, aedno/obiosray, LenaHo
OPBO, OrPEBHO JPBO, OKOPIH M OOPECHY, KOPY, FOPHUBO ¥V mpaxy, MWhERImHy,
myInKy, DpUKeT, ITeeT, TEpMUMKH TpeTupaHy DroMacy.

I'padhimkn mprukas aHamile efleMeHTapHOT cacTasa fpeHe uomace nat je va Cmimn
2.3. dpera Buomaca ce cactoju off; yriseHusa C, sojionmka M, kiuceonuka 0, azora N,
cymmiopa S, muHepanmHux mMatepuja A, u snare W. Wenwrueare cacrapa it ocranux
KapaKTepucTHKa YBPCTUX roprBa Huje Moryhe clipoBoinTi Ha y30pLUMMa pajiHe Mace
300r NpOMEeHTEMBOT CaZIpiKaja BAATE, KOJH 3aBUCH 071 aMOMjEHTATHHX YC/IOEa Kao 17O
Cy TEMIIEpaTypa, IPUTHCAK 1 PENATBHA BIXHOCT Baynyxa. Bnara ce y nornyHocTi
MOKE VEIOHMTH CYIIEHREeM Fopusa Ha Tesneparypasva wadag 100 °C, npu uemy ce
pobuja T8, ancoNYTHO CyBa Maca ropusa (ocymena maca). Tpesa Ciargr 2.3, uncry
FOPUBY Macy HuHe YIbeHuK, BOIoHuK i cymiop. Kuceornuk nornomaxe u omoryhasa
MIPOLEC CArDPeBatka JI0K je a30T y oBoM KoHTercTy muepTan. Mnak, Gyoyhi na ce con
OBM eleMeHTH Y TOpHBY iaaxbaiy Y BesaHOM OEJHIK}" Ca ApyriM KOMIIOHEeHTamMa,
yaosHo ce ybpajajy y wiery ropusy mMacy. Mcxnsyayjyhu srnary, Mmunepanie mMatepuje
M CyMIIOp [OOMjaMo Oprascky Macy ropusa koja je takobe yoiosHa jep ce cymnop
AeITHMIUYHD jaBiba 1 V BUAY OPraHcKux jefiMrsera VHYTap ropisa.
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Cmra2d | Ipacherasa mprmas aHamee eeeHTapHor CacTasa s Duoaace

IMosHapame EJIEMEHTAPHOI CacTaba ropusa Dh-'ll‘_'l-['yhﬂllﬂ ojpebusarse Bue KhYyuHUX
fMapaMeTapa Kao [To Cy: norpefHa KOMWMMHA BAIIyXa 3a NOTHYHO Caropesarbe,
KOMMHMHA W CACTAB MPOIVKaTa Caropepama, TomwoTHa Moh ropusa u Temmepatypa
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caropepatba. EneMeHTapHI cacTas ropuea, Kojit je oriime 1 MPUMerIE 3a cee BpcTe
ropuea, Moxke ce uckasarm ciesehios jerHaaHom [46]:

C+H+S+O0+N+A+W=100% (21

e cy:

€, H,0,N,5 Au W macerm yaeim yImseHNKa, BOIOHHKE, CVMIIOPa, KMCEDHHEKA, a30Ta,
MUHEPATHWX MaTepuja (erena) v Brare y pajaHoj Macu ropuea, nipaxedu y %.

YIbLeHUK Tpe/IcTaB/ba FOPUBH ETIEMEHT W CMATpa Ce HajiHa"ajHUjoM KOMIOHEHTOM
ropisa i3 [[Ba OCHOBHA Paifiora: IpBo, jep ce v Hajseliem NporeHTy Hanasu y cacrasy
ropusa, U JIpYro, 3aTo UITO Ce mMerosuM caropesarsem ociiobaba najseha KommumHa
rornoTHe exepruje [47]. Yoeo yoseruka y opraickoj Maci ropmsa moske Duti i 1o
95% [46]. Kan nmoTnyHo caropepa HacTaje YIJbeH-IMOKCHI OpH 4emy ce ocrtobaba
TOIIOTA ¥ M3HOCY of npubmekao 33900 &f/kg, nok npy HENOTHYHOM CArOpPeBaH:Y
Hacraje VIbEH-MOHOKCH]L, 1P Heny il':.‘ KoJIMuKMHA odiobobeHe ToruioTe HFII-"IBIIWJ‘KHO
Tpu niyTa Marsa [346).

BooHuk je cacrasHM Jle0 CBAKOI TOPUBa M IPe/ICTaRba KOPHCHY KOMIIOHEHTY,
nocefHO Kara ce japsba y oDIMKY VIVBEOBOIOHNKS HITH Kao crnofonan BOIOHMK, 10K je
Henoxkesan jenuio y obmuky sirare (3] Y usperi ropusmiMa, Kao 1mTo je Hip. 1peo,
canpkaj BOJOHMKA OOMMHO M3HOCH OKo 5-6% ykynHe sace ropusa [47). Tlpn
caropesarsy 1 kg sononura ocwbaba ce npubmoxno 143000 Ef kg tonnorhe
eHeprije, 1o npejicTasbka suite o yernpu nyra sehy speanocr y nopebery ca
TorvoTom octobobenoM mpu caropesarsy McTe Mace yirbeHuKa [46].

Y nopebemy ca VITheHMKOM M BOJIOHMKOM, CYMIOP HUje MOX&bHA KOMITOHEHTA
FOPHEA [Ep caM CYMIOp ¥ TOpUBY A@/yje KOPO3MBHO, a IPOLYKTH Caropesatba cy
mrretHu [3,47].

Kuceormk, nako cam ro ceGi1 Huje TopHBM eTIEMEHT, MOTIOMaXke W oMoryhasa mponec
caropesarsa, KonmuuHa KuceoHWKa y ropusy cMamyje norpefHy KomMupHy
KMCEeOHMKA 13 Baszyxa [47]. TTourro cam no ceGu Huje caropibue, a/in ce YHYTap ropusa
XEMU]CKM Be3yje 32 YIbeHWK M BOIOHMK, KMCEOHMK CMarbyje VKYIHY KOJIWHMHY
TomioTe Koja ce ocnobaba Tokom caropesama [46]. Koo wsperix ropusa, cagpxaj
KMCEOHHEKA je PeNAaTHBHO BHUCOK ¥ mopebemy ca JpyrimM BpcTama TOpUEA, ITO je
KapakTepucTHuHo nocebno 3a buomacy.

A30T Ce ¥ ropuMBMMA TeHepaTHo jaBka ¥ MamuM koHnenrpadmjaMa (0.7-1.3% u 1o
Hajuenihe y cacTaBy C/IOKEHWUX OPraHCKUX je/iMEberka), U Npesicrasba Ganact jep He
yuecTsyje y nmpotecy caropesarsa [347].

Munepante marepuje y ropusy (1-2% xop sipeera) npejacramsajy Danact n geoma cy
uITeTHE jep oTexasajy npoiec caropesarsa [47]. Fbuxoso npucycrso y ropusy cvamyje
YIOeo CaropibHBHMX CE!.{"['D?H.KE!. ropmesa, T OWpPesTHO J0BOIN 10 CMarberka FeroBe
romwrotHe mohn [46]. Cactas wu ocoffuHe MuHepanmHuUX MaTepHja YTUUV Ha
KOHCTPYKLM]Y 1 JIMMeH3Mje JIOKMIITA, HAYUH caropesaksa, HauuH ojisoberka renesa
M KOITMUMHY Baylyxa 3a caropesarse [3].

Briara y ropusy npe/icTas/ba Helnoke/bHY KOMIOHEHTY Y ITPOLIECY Caropesama, jep
3AY3UMa MECTO ¥ MAcH FOPUBMM elleMeHTHMA, CHIDKaBa ToIoTHy moh ropusa u
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TeMIepaTypy caropesara, M W3 J0kuIITa Hajuenilie o/Utasu y napHoM cTamy Hocehn
ca coboM "ykpagieHy" CKpHMBEHY TOIUIOTY Mcnapasarsa, Koja Ha 25 °C w3nocw 2443
kj kg [3]. TTpn npakTiaHuM npopayy HMMa y3ima ce y 0031p j1a Biara y ropisy Moxke
nocrojaTi y Asa obnmka: kao rpyGa Brara m xurpo snara [47].

V nureparypu noctoju seiikn Dpoj rnojlaTaka Be3aH 3a ejleMEHTapHY M TEXHUUKY
ananusy pavidrTux Bpera apsHe 6uomace. Y TaGemn 2.6 oy npuxaszanm Hekw of
EBIIX

Tabena 2.6 | EnemenrapHa m TexHMKa aHalIM3a pavmmuuTix spera apede Guomace |18, 31, 48-55). Y
rabenn cy ca VM canavene nenapreuse satepuje (Bomamiom), a Clix npencransa canpsaj drmkcHor
VTIBEHUKR,

EnemenTapHia ananmsa Texnwaka amarmnsa
Hpema C H N 5 o w VM A Ciix
OHoMaca
sacenn yaeo, % macenn yuaeo, Y

Bykna 5066 629 047 0007 42573 BT 844 125 1731
Xpacr 4706 567 028 009 399 65 73 05 20
Jena 4853 566 028 009 382 67 77 05 171
Tonona 47.06 556 055 002 3801 68 97 2 115
Bpia 4407 54 053 005 3845 10.1 742 14 143
Apsua 462 51 15 006 354 10.4 704 13 179
M/ EEEHA
Huepma 45Mm 625 009 001 4094 745 7508 0325 1722
Apuo 3849 486 025 0 3719 16.4 6299 281 1781
EYKATUITTYCA
Wiyt 4927 572 028 008 3715 7.32 7396 018 1854
OCTALM
Crpyrommia - e 62 016 0 4265 6.69 8023 025 1284
Bopa
!_T.pﬂlm =

4353 571 039 0 408 7.94 7565 163 1479
DCTATAR
Rpwa 3079 397 013 0 2995 349 516 026 133
ﬂ'p],'mn-ula
KopaGopa 4802 517 043 0 1212 3 6984 126 2587
Mwbemtia 119 52 009 001 3872 11.5 763 03 119
xpa.c‘ra
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IMwbesnHa

4315 508 008 O 360.28 153 704 01 142
Bopa

Keammrrer ropusa onemsyje ce npe csera Ha OCHOBY herose TomwioTHe molin, Koja
NPECTaRba KOIMHIHY TooTe oc/iobobeny caropesarken ropnea [3]. Tonnoraa moh
ce obenexasa criosom H, mapaxasa ce y kf /kg wm M/ fkg 3a uspcra ropuea, 0HOCHO
y kf/m* 3a racosura ropuea [47]. Paznmikyjemo ropry w posy tonnorsy smoh. Ha
B rony [56], ropmsa Tomorha moh, koja ce obeexasa ca H,, npenctanba yKyImy
KONMUUUHY TOTUIOTE Koja ce octobaba HOTIyHMM caroperarbeM je/IMHILE Mace ropusa
nop ciepehin yotosima:

7 Bopa ws nponykara caropesarba, Koja [motuue of Biare ui ropusa uoof
CArOpPeNor BOMOHMKA, Halasy ce ¥ TeHHOM CTarby.

# [lpopykTit caropeparsa TOPHUEA OOBEIEHN CY Ha TEMTIEPATYPY Kojy je ropuso
Evano Ha noueTky.

» CyMnop o yHBeHWE H3 ropise MaTepuje ce Hatase y obImMKy Ceojux qMoKcuia,
HOK /10 caropesarka asota Hije 1ouio.

Ha ocuosy [56], noisa romworta moh, koja ce obenexasa ca Hy, nedmnuiie ce ncro
Kao W ropisa TomoTHa Mol ¥3 yonos /1a sofa ocraje y mapios cramsy. Tonsotia moh
ce MOMXe OIPEAWTH HA [Ba HAYIHA! eKCHIEPHMMEHTATHUM [TYVTEM, Tj. CaropeBarem
onrosapajyher yiopka u padyHCKUM MYTEM Ha OCHOBY TOJATAKA O eleMeHTapHO]
aHa/msn ropusa. TorutorHa moh ce excnepumenTanHo oftpeliyje Ha fiBa HavlHa: 3a
YBPCTA TOPHEBA ¥ KatopuMeTpy ca Gombowm, r7ie ce caropesarse oBHja MpH CTamHD)
JAMPEMUHT, @ 33 FacOBUTA FOPUBA ¥ [POTOMHOM K/IOPUMETPY, MPH HeMy Ce IpoLec
ofiBHja Ipi cTaTHOM npuTicky [47]. MaremaTiykn M3pas 3a M3pauyHABAke TOPHE 1
NOHE TOTUIOTHE MOl YBpCTUX ropusa riacu [3):

H —339-c+143n-(n-i)+105-5 [ﬂ] (2.2)

a- 10 kg '
1 W +"~3*H)] K

B e e | R S S 2 [~—

¥ "'1‘:[: [ ’ 100 kg 3)

AKO CY NOSHATH 3AITPEMITHCKM (MOJICKI) VLT KOMIIOHEHTH Y Toprsy, ToroTHa moh
CMENIe TACOBMTHX KOMIIOHEHTH MOXe ce M3padyHaTH Kao 30up mapiijamHux
TOIUIOTHMX MONUM NOjeIMHAMHIX KoMIIoHeHTH [3], 1.0

k]
Hy =Z!Tt' 'Hyi F]

Hy = Z o Hy [H; {2.3)
i m’

V jenmawmnama 24 wu 25, xemujckimM popMyiiaMa Cy O3HAMEHH 3alpPeMHHCKH
(MorTekm) vienu y % KOMIOHEeHTH ¥ CMelnm,

(24)
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V Tabemu 2.7 npukasane ¢y ropsse TorsioTse Molin 1 npocevuHe rycTiHe pavimamuTi
BPCTa JipBeTa,

Tabena 2.7 | Topsee Tonmorse Mohi i npocedHe rycruHe pavinauri Bpora apseta [46].

lNopisa ronnorsa moh INpoceuna rycrina
Bpcra npeeta
k] kg kJ/m?

Bykna 18820 720
Xpact 18360 690
Lpra Tonoma 17260 450
Cupsta 1966l 470
Jena 19460 450
Bop 210 520

Turmuna Guomaca, cysa u Hes nernerna sata je ormmrom dropmyriom CHy 40 5aNg gpi7, ¥
HPEICTalba 136, OPraHCcKy Macy, ¥ Kojoj je cajipskaHa csa xeMujcka etepruja Guosace
[3]. Ca cranosmmTa TEPMOXEMMCKE KOHBEP3Mje, KbyuHe pavimke meby spcrama
Buomace €y cagpaaj BIare 1 MUHepanmHux Matepija. Kapaxrepucruke THImMMHe
Duomace MOry Ce nocMaTpaTH Kpo3 Ipu3My Je/IMMUYHe TexXHUYHEe aHamse u
efieMeHTapHe aHamile cyse OMoMmace, W [aTe cy y Hacrasky Tekcra [3]. Vaeo
MCTIApIbMBIX MaTepuja (sonariia) je npeko 70%, MuHepantix MaTepuja npub/ Ko
1.5% w pnare oko 20%. Joma Tormoraa soh Gunomace manocn 15838 kf /kg. Kana je peu
&} EﬂeMEHTﬁpHﬂj aHaT3M CyBe Guomace, VAe0 YITh€HUKA, BOMOHWEKA, KHMCeOHWKa ¢
asora winoc: 54.7%, 6%, 38.9% n 0.3%, nox je yieo cymnopa mamm 1 wssocn 0.1%, am
Cé He jaB’ba y CBHMM BPCTaMa.

Canpska) winare v apsdo] DMoMack uMa BEeIMKKM VTULE] Ha [0y ToroTHy Mol
Hamnme, npromikom scnapasara BIare TPOLIIM e jefaH 1eo ocnobobere TomwoTe Kojn
msHocu oko 2500 kJ /kg |57], yenen wera ce cMmarsyje TormmoTHa Moh ipseta. Ha ociosy
cajip#aja Biare, IpBo ce Kiacudukyje Ha: cveo apeo ca 10-20% snaxHocTH, NONYCyBO
npso ca 20-40% BiaKHOCTH M CHPOBO WK BIIAKHO P8O ca snaxdomhy npexo 40%.
Canpsaj Briare u3paxaga ce y BUJIY MaceHor yiena y siaxHoj ocHosu. Cuposo apeo
obao cagpsn mameby 40 11 60 mac. % Brare, v 3aBMCcHOCTI O BPCTE 1 ITEPHOA CEHE.
Cyimemen ce cMakbyje cajipiaj Biare, dine ce nosehasa ToromoTHa Mol no jenumm
mace ropusa. [TpupoaHum cyliemem [PasiiIHO CIIOReHOT apeeTa Moxe ce nocruhn
canpsaj snare go npubmokno 20 mac®. Yxkomko ce gpeo cymm vy cymapama,
MOCTIGKE C8 BIAKHOCT Matbka o 10%.
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2.2. TIOTEHLIUJAJIV BUOMACE V PEITYBJIVLIA
CPBUV

Ha ocnosy Hanwonammor akumonor nmana 3a xopmmlicise obnomsusix misopa
enepruje PenyGrmxe Cpbuje [58] w Crpatermje passoja enepreture PenyGnmke
Cpbuje mo 2040. rogmse ca mpojekimjama go 2050, romme [23], YEVIHI TexHIHKN
Pacnonoxus noTeHiujan obnorsueMx sopa eneprje y PenyGmamm Cpbujn ce
npouersyje #a 10288 smwmiona Ttona essusanesTHe HadTe (v OgambeM TERCTY
kopuctithe ce ckpahernmia “ren”) rommmse. To je v onHocy Ha nogatax ms 2012
rofiMHe Koju je Tajga MiHocuo 5.65 MuIMoHa TeH {21, noseliare og npubmekno 82%.
Cnuka 2.4 jaje npukas crpyktype obHOmbHBHX M3sopa enepruje y PeryGnnm
Cpbuju (noparak 13 2013. romme).

Buppazrpagians aeo  XuaponoTeHsjan —
ommaga NOTEHLW|3N HOfKW T8
1% MOPHCTH

BHomMac — pacnonomne
16%

naTeHyMian
41%

Krgpanoresiqjan —
PRONOACHASH NOTEHLMjan
14%

TecTepMmanta EHERIN|a

3%
BHomaca — NaTeHuMan Conapwa  EHEpmja
MW CE KOpHETH evepruje  BETPA
%
19% A%

Conka 24 | Crpyrrypa oo sisi sopa eseprige y Peny G CpGegi (nopanas w 2003, romee) (Croa
nipeyaera vrs pecp, [58]).

C ob3npoM aa je y aucepraimji akueHar jgat Ha Duosacy, v Tabeim 2.8 par je nperien
TEXHUHYKW MCKOpUCTUROT HoTeHiitjana brosace. Tlopaun oy npukasadmn sa 2012, w
2024, rogmay.

TabGena 2.8 | [lpernen rexHUYKH MCKOPUCTHBOr noTeridjana Buosace (nogauu ny 2012,
u 2024, ropuue) [2,23].

Pacrnionoasmmsn Yeynun Yy
TEXHHMKH PRCITOITOAI BN PACTIOIEDH HE
nOTEHUMjAN KojM ce TEXHIMEM TEXHWHMKH
wopucri - 2012 notesipjan - 212 novewmmjan - 2024,
romHa (MuaHona oA (MITHoHa TOMHA (MR
Tenfro) Tenfroa) Ten/roa)
BHMOMACA 1.054 3.448 319
[Momonpuspena buosmaca 0.033 167 1245
CxTanmion 0.033 1.023 1037

N LOITP HPL'}J.I 11X E}' .'l'l'!f"F'ﬂ
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Ocraun y sohapemsy,

HHHOTPAAPCTHY | Hpepain - 0,605 0134
noha

Teuri crajivax - (L.042 0074
Opsxa (myscka) Guomaca 1.021 153 1668
Buopasrpanuein oTian 0 0.248 0.069
Buopasrpaz s KosyHanH M 0 0.205 0.026
oTI

Buopasrpagusmn ommal 0 0.043 0.043
(DKM ROMY HATHOT)

bBuoropusa - - 0154

Haxne, Guomaca npeqcrasba 3Hauajad eHepreTCkl NoTeHuujan Hawe seske. M3
Tabene 2.8 srumvo aa je noTeHnjan GuoMace nporermked Ha 3.196 Mimiona Ten, o
gera majpehn meo wmue noteuijan apeHe Ouomace (1668 mumoHa TeH) n
noTeHiMjan  nosonpuepegHde duomace (1.245 mwmoHa ten). 3a Duomacy je
KapaKTEPUCTUUHO TO [1a HeHa HAIASHINTa HUCY LeHTPAIBOBaHA Kao ITo je HITp.
oryuaj ca dpocunmaiM ropusina, seli je pobpo pacniopebena kako Ha TepuTopHjn
Penybrmake Cpbuje tako w y cpety. Ha G 2.5 gat je mpukas 3acTynIseHOCTH
myMCKe 1 No/BONpUBpenHe Duomace v Hamo] 3emubi. Moxe ce npusmeruTi fa je
iy Meka Bromaca sacryrusenmja v jyaHujum (OprosuTijum) JIe10B1Ma 3EMbE, 10K C8
nosonpuspenta Guomaca Hajselinm fenom Hanasn va noapy«jy All Bojsommne.

T R [

om0 il o= ot
Bl == mxans | R
- 0,008 LB | n A - 00
Dmrm T Ewlﬂl b
[ 2o rison e [ ouo0n- 5000 b

D 4 0 [:] - O

Crmixa 25 | Norernodjan erseprige so Guosace. a) Nlospune @ ro iysos v Pervlina s Cpsgi, 6) OGpamano
seavbinre v PeryGrmmm CpGgu (Crnxa tipeysera v pedy. [59]).
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2.3. YHEHIIRE OBHOBJ/bMBWX M3BOPA EHEPTUJE Y
OUHATTHOJ ITOTPOLLM EHEPTUJE HA
I'TTOBAJTTHOM HMBOY

Ha ocnoey Wasenrraja o mofamiom craTycy 0DHORLHBHX M3BOPa EHEPTHje 3a nepro

i 2008, o 2020. ropune [22,60-71), yiaeo obrorbusix ussopa enepruje y riobaiHoj
dhuHaIHO] NOTPONIHLKY eHeprifje Ha rOANIIReM HUBOY v npoceky uaHocu 18.35%, on
Hera je yiaeo TpaguimonatHe Giromace 8.62%. Ma TaGene 2.9 summio aa je naxon 2008,
rofivHe 1 Gnaror nanga of 2.7%, v HapeIHWX HEKOJINKO FofIMHA, 10U 10 noseharka
yiena oDHORBUMBHX M3IBOPa eHeprije y riobanHo] GUHATHO] NOTPOLIEYN eHeprije,
rako fa je 2015, v 2020 romre ocrsapenr Mascunmys of1 19.3%. 3a nasepenn nepuon,
yeo TpanuuMoHane DHoMace CKOpo f1a Ce MperoIosio,

TaGena 2.9 | Yaeo obuosmusux uisopa eHepruje y rnobanuo] @uHanHO] NOTPOWHH
eHepruje 3a nepuog on 2008, no 2020, ropune [22,60-71).

S Smwm D Toemmeemies
% %, % %
2008 78 31 18.9 13
2009 81 28 16.2 10
2010 80.6 2.7 16.7 B5
2011 78.2 28 19 93
2012 78.4 26 19 g
2013 78.3 26 19.1 9
2014 78.3 25 19.2 89
2015 78.4 23 193 91
26 795 22 18.3 79
27 79.7 22 18.1 7.3
2018 79.9 22 17.9 6.9
2019 80.2 22 17.6 6.4
2020 78.5 22 19.3 6.8
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231. VYYEUIRE OBHOB/BMBMX U3BOPA EHEPTUJE YV
IMPOU3BOOHIM ENTEKTPUYHE EHEPTHMJE HA
[TIOBAJTHOM HUBOY

W nopeyt umbeRHLIe J1a caropesarse qhociuTHIK TOpHUEa HETATHUBHO YTHHE Ha KHBOTHY
CPEMHY U JIPANBE JBYH, 1 JIUHE Ce HATA3E HA ITPBOM MECTY Kajla je Ped O HHXOBOM
yuemhy y nmpoussofmu eNekTpiaHe eHeprije v ceety [72-74]. M3 TaBeme 2.10
3AKBYIYjEMO [Ia Ce ¥ IOCTIeIFLIUY [IBAfIeceTak TofiHa y/eo: POCHUIHNX TOpHEa BPIO
Masio pomeHuno (ca 64.17% Ha 61.87%), HykiieapHe eHepruje ocerHo cMarsino (16.75%
Ha 9.85%) 1 obromnmuEnx 13BOpa eHepruje sHavajio nosehao (ca 19.08% ma 28.28%).
Kana je pew xoHKperHO O yOenuMa NojenuHux 00HOB/BMBIX MIBOPa €Hepruje 3a
NPOIEBOIY enexkTpudHe eHeprije 3a 2021. roguHy, xuppoeHeprija y4ecTByje ca
15.21%, enepruja serpa ca 6.65%, conapua eneprija ca 3.68% u ocranmm oBHOBILITBI
HIBOPW eHepruje (rie npunana v TpagmumMotaHa bnomaca) ca yrynao 2.74%.

TabGena 2.10 | Vaeo obHos/bMBUX HIBOPA EHEPIHje ¥ NPOMIBONILM EIEKTPUYHE EHEPIHje
Ha rnobantom Husoy 3a nepuon of 20000 o 2021, ropuue [72-74],

Fomes POCHIIHA TOPHES Hywxneapna eneprigja  OOHOB/BHBN HIBOPH eHEpIHje
Y T %
2000 17 16.75 19.08
2001 64 64 16.93 1841
2002 6524 16.54 18.22
2003 bh.41 15.83 17.76
2004 6.1 15.70 18.29
2005 60,42 15.13 1845
2006 66.72 14.75 18.53
2007 67.97 13.78 1825
2008 67.22 13.52 19.26
200 66.79 13.40 19.81
20 67.18 12,84 19.98
2011 67.80 11.90 20,30
2m2 67.90 1084 2126
213 67.39 1060 22.m
2014 6653 10,56 22.61
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2015 66.12 10.58 23.30
2ne 6544 1rL46 24.10
207 6454 10,25 4.9
28 64.37 10,07 2556
2me 63.17 10.32 26.51
2020 61.54 10,03 2843
2021 61.87 9.85 28.28

232. VYYEIIRE OBHOB/BMBMX U3BOPA EHEPTUJE Y
[TPOU3BOILM EJIEKTPUMYHE EHEPTUE
PEITYBJIVILIV CPBUJA

V npomssoiisy enektpuuane edepruje v PenyBrum Cpbuju y nepuony o 2000, o
2021. rogune, npocedan yoeo o0HOBBMEBHNX 3B0pa eHeprije mauock 28.35%, mok je
yieo docwmmux ropusa 71.65% [72,74], derareauju npukas ypena obHORBUBIX
nssopa enepruje u docwmnx ropusa v Penybiimum Cpbuju npukasan je Ha Crinum
2.6. Y neo oGHORBMBUX M3BOPa eHEPrifje V¥ ITPOM3IB0IHM elMeKTPIMHe eHeprije 3a 2021.
rojuHy uaHocno je 32.88%, 1ok je yiieo poctIHMX ropuBa H3HoCHo 67.12%.

mamcwmym (2011 rog)

} 172
: "W
z ! 67127
3 i 67.02
g i maumMmyn (2014, rog) i
= A 114
z 1 T
A 1 - faed? Ny

2000. Bpemisacii niepecyd og 2000, oo 202 ragem- .

Crmxa 26| Yieo oDHOWbEBN 1EBOPa eHeprge i PO mpiBa y HpoiEsois e eKipiaHe eseprge v
PenyGinnp CpOuji 3a nepac or 2000, go 2021, rompme

24




Muyanmgbymxiguonainocn xepaMuskux w Memaanuy dodanrara y kongobuma wa Guosmacy

3 TIPEIVIE KOHCTPYKLIMJA,
HYMEPUYKA 1 EKCITEPMMEHTAJTHA
UCTIUTUBAA TACUDUKALIMOHMX
TOTJIOBOOHMX KOT/TOBA MAJIVX
TEPMUYKIMX CHATA HA UYBPCTY
BIMOMACY

lacudmkainiony TOIOBOIHN KOTIOBY Ha 4BPCTY DHOMacy TOIIOTHE cHare ueron 50
kW mpeamer cy AoKTOpcke Auceprampje. Y HayaHO] ITMTEpaTypH, MPBHU CTENeH
HEIIOTIYHOI Caropesara [03HAT je Kao racudukaiiija, poLec IpHu Kojem ce 4Bpero
ropuso Tepmoxemujcku Tpancdopamuine y ropusu rac, Ouasge norude Hasus
I'dC’H¢II’IMHHUHH koros, Y IIUPEBEH:-}’ Ca KOHBEHLMOHATHUM KOTIIOBHMMa Ha JpBa,
racHdpUKAITMONH KOTIIOBHM MMAajy IMPEqHOCT ¥ TOME IITO €8 TOPHBO JOMYIBY]e IHATHO
pebe, obraHO jenHOM 10 [IBa MyTa JHEBHO, IITO oMoryhasa ayToMaTeKo Caropesare
Ca BeOMa MaTHMM BUIIKOM Baylyxa. 3a OBY BpPCTY KOTIIOBA j@ KapakTepUCTHYHO [1a
cajipiaj Basiyxa y JIMMHOT racy, 1o npaswiy, He npeiasi 7%. OBu KOTI0BM Kao
EHEPreHTe KopHcTe uBpery Guomacy (mpso, nener, DpUKeT WTHL.), IPU HEMY eMUTY]Y
pazmmanre sarabyjyhe sarepuje v armocdepy, op xojux ce nocebra naxmba y
MCTPaKMEBaHMMA 1Toceeliyje VITEEH-MOHOKCITTY, NPATTKacTHM MaTepijanma, OKCHIIMMa
430Ta ¥ HENOTIYHO OKCHIMCAHNM OPIaHCKUM jeiniberbiiva, Y HacTasky nucepraiimje
roBOPHM Ce O TPEHIOBILA M H3a30BIMa V VIIOTPedn KoTiosa Ha apeny DroMacy Maie
TEPMHWYKE CHATE, KaD M 0 NpeIHOCTHMA W MaHAaMa yrnoTpebe TpamuiMmOHATHOT
OTPEBHOT JIPBETa ¥ NMOMEHYTUM KOTIOBIMA, Ha OCHOBY nojaraka objasbernnx 2018,
romtie v pedpeperun [11]. Tpoussobawu kornosa Ha sipsey DruoMacy KOHTHHYMPaHO
paze kako Ha nopeliamy mwuxoBe edMKacHOCTH, TAKO M Ha CMAlbeiby eMucHja
sarabyjyhux matepuja v amvocdepy. Mako ce orpesHo Apeo M laske KOPUCTH ¥
Hajpelio] Mepu, Texrha Ka ayTOMaTH3ALM{M paja W MUHMMHSALHjK  ThyICKOT
AHMKOBAHA ¥ KOT/IOBMMA Ha uspcTy Dromacy manux Tepmitdkux cHara (o 50 kW),
pesyrmupaia je nopehaHoM TpHMeHOM Melera Kao CTaHaapiiioBaHor M JIako
noaupajyher ropuea. M nopen wmmeHMie na cTaHaapaIMioBaHa HMBPCTa TOPMBA
nobujeHa 13 buomace 3ay3nmMajy cse selin y1eo Ha TPRUIITY, NOCTOJU BUILE Pa3iiora
3000 KOfUX TPaIMIMOHAIHO OFPEBHO [IPBO 1 [1a/be 3a/IpKaBa TOMIHAHTHY TO3HLIjY.
INopen nopo/sHMje LeHe OrPEBHOT JIPBETA Y OJIHOCY Ha MEeT, jelHa ol NPeIHOCTH je
M HIDKA eMucHja nocpeaHix sarabueava 36or kpalier TpancnopTa 1 Marke ioTpebe 3a
MPOLECYMParbeM TOKOM npomspombe. Miak, ynproc oBuM NperHocTiMa, OrpesHo
INPEO UMa W 3HavajHe HenoctaTke, Meby Kojuma ce msusajajy orexada KOHTpola
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npoteca caropesarsa 1 noselana emucuja sarabyjylinx marepuja v atmocdepy. V
IWhY cMarersa emucnja sarabyjyhux matepuja, 1peo ce caropesa BUIIECTENEHO WITH
ce kowiosu W nehun yhnapyjy ca akymysiatopuiMa TOIUIOTE pajiM YCIIOCTaB/bakba
CTALMOHAPHOT PEsKUMa caropesarsa [75,76].

YV Hacrasky rornaska 3, MpUKasaHu cy PUHLMITM BULIECTENEHO! caropesarba [IpReTa
M aHamMsMpaHe cy KOHCTPYKiMje racimdMKaiMoHMx KOT/IoBa Cd HMCTOCMEPHOM
racndpmKaLnjoM orpesHor apseta, objasrperrx 2018, w 2023, ronnae v pedepennama
[1.,77].

IMpema monanmMa 3a yMepeHn KnaMarcku nojac, oko 20% yxkynsao wckopumhene
esepruje n3 Guomace opiHocK ce Ha orpesso apso [78]. Y PerryGman CpGuju, Tokom
2017. ronuue, orpesHo apso je yuuio join selin yieo y crpyrrypy Guosace, Koja je
yuectsosasia ca 10% y mpumaproj n 11% y esepruju pacnonoxusoj 3a dimiamay
norpousy [79]. Haseaern nokasatersn yKasyjy Ha TO 2 APBO # [Ia/be TPencTasba
3HaYajaH eHepredt. Jeaad ofl AoaaTtHux drakTopa Koju YTHYe Ha akTyelrHy ynotpedy
OrpesHoOr [IpBeTa jecre ysoberbe cie CTPOAMMX OrpaHiveha 3a eMucnjy sarabyjyhim
martepuja u3 ypebaja 3a caropesarse, 3axTesi KOjM o8 OIHOCE Ha IPAHITNHE BPeIHOCTH
emucije koa ypebaja Mane cHare Haju3pasMTHje cy AedMHMCAHN ¥ HALMOHATHIM
aHekcumMa craHgapia EN 303-5:2021. V ey wcnyrasarsa 3axTeBa M3 HaBeleHMWX
anekca, npomasobaun  pajuembie npuMmersyjy TPM  KOHIENTa  BUIIECTENeHOor
caropesarsa [80], koju cy npuxasaru va Cimun 3.1, Cea Tpu KOHLENTa y 1PBOM
CTeTieHY KOPHCTe HeMoTIYHO caropesarse, Tj. racuduKaimjy, v HeloKpeTHOM CIIojy:
CYIPOTHOCMEPHY, HCTOCMEPHY M YHAKPCHY,

Crimxa 31 | Metoie siniecrenetor canpisaisa Ipeea: a) TPai ioHa Ho caropesatse Hapie, §)
HeTooMepPHa rmcndwkativia, 8) nonpeuta rackdwikasta (Cnasa npeysera ws pedbepenie [77]).
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BehmHa KomepHMjamTHO JIOCTYIIHMX  pemera |3 00facTH  TOIDIOBOIIHMX
racudpuKal[MOHKX KOT/I0BA Ha uspcTy DroMacy ofyxbaTtajy JIBe 30He 3a I0BOTL Bas/IyXa,
[P1 HEMY C8 HTPOTOK ¥ CBAKO] 30HM peryimiue oMoy ayromatckmx kiatm, [Tporok
Ba3IyXa CE YCIIOCTaRka 3axsabyjyhu pasmmmn npurncaka wiseby okomide u KoTna
KOjH ce oMoy jeHor NCHMcHOT BEHTIIATOPa OIpiKaBa Ha noTopuTHcky. Yoorpebom
HCTOCMEePHE racuduKalije, OTHOCHO KOHCTPYKIIM]A KO/l KOjix ce 30Ha racuduxaimje
HaJIasu M3HAIL 30HE caropesarsa raca, peha Kosimyna yecTila Gusa ysHeceHa y racHoj
crpyju. € of3MpoM Ha TO [a ce YecTHMLE pasiukyjy Mo cacrasy (ipseHM KOKc
MUHEPATIHE MaTepije), BMXOBO HETIOTHNVHO caropepaise, yopiamo xiabemse n
Y3HOUIEHE TaCHOM CTpyjoM nosoan 1o nosehane emucuje npatkacrix sarabyijyhix
maTepija. e mucepranuje je fa waMeHu, NpefUioky 1 paseije KoHnenT kojiu he
npesaznhu orpamimersa ¥ HemoctaTke nocTojehix pemersa. Viamena xomienTa
JaCHHWEA Ce Ha XHMITIOTe3u [1a Ce HPHZMEHCIM BHUIECTETIeHOr :'_‘BFOPE'BBH:E I"C‘.IPHBOI' racay
HECUMETPHYHO] KOMOPM 3a caropesarbe Moke nocrulin edukacHo caropesarse,
OITHIMaIar T'Pﬂ.l'ICEI:IEP TOIMNore ™M 3|1a-{airm CMatherhe EMI“[C‘I‘IiE racopyTrmmx w“
npamkacTiux 3arabyjvhinx satepuja. [Ipyra xmmotesa dopaymicana je aHaTOrHO
npeoj. [lakie, Kao mTO (e JIEKBATHO CATOPEBAHE TOPMBOT Taca OCTBapyje
BuiecTeneHM yeobermem CeKyHIapHOI Baylyxa, Tako Ce W CMarberse emucHje
OPallKACTHX MaTepHja NOCTICKE [MPUMEHOM CYKUECHBHUX BIIIECTENeHUX Mepa,
Moyes 0/1 30He racuduKalije, Mpeko 30He Caropesarsa TOPUBOT Taca, 1a CBE J10 30Ha
Kpo3 K.OiE npoaasi JUMHK Tac, Kao INTo O TOAHMIOTE M KOHBEKTHUBHN 180 KOTa.

[Mpn sumectenenom caropesainy, ¥ 1psoj dasu Opso HENOTIyHO caropesa Tj.
racudvkyje ce, 10K ce y apyroj ¢aiu caropesa ropusn rac. YV racudpMKarimoHuM
KOT/IOBUMa 30He racudpukalivje i caropesatba cv pusnukn pasiasojeqe. Ha Conn 3.2
npuKalaHe cy upuHiuncke wesme najuemthe npumersusanmx koncrpykumnja. Ha
MPUKa3aHUM [eMaMa TPUMELEHA je HCKEYHHUBO MCTOCMEepHa racudyiKaliija apseTa,
HITO TIOIPasyMeBa 1a BAyIYX ¥ TOPUBH Tac CTPYje YV MCTOM CMEpY, TIPH 9eMy je KoMopa
3a racudpmranjy (koja takobe ciyxm Kao DyHkep 3a ropuso) Hajuerlie cMenrreda
M3HAL KOMOpE %3 Caropesarbe TOpuBOr raca, onHocHo Jnoxumra xora, Ose
KOHCTPYKUHje JIOMHHMpa]y Ha TPEKWUIOTY yrnasHoMm 3000 cBoje  [OY3IIaHocTH,
NpoBepeHor TIPMHIMITA paja Koju npomssobawt pago ycBajajy, kao w 3Bor
criocobHOCTH [1a edMKACHO Caropesajy HelTo BIakHMje apeo yva obeibebuparse
crabuitHOr Crpyjarka sasiyxa M raca Kpos sony racudmraimje. Koncrpysumja
nprkasara Ha O 3.2a npencrarsa TEXHIMKN HaJjeTHOCTaBHME, AT 1 eK0/I0TITKI
HajMarse TPHUXBAT/LHBO peitieibe. [TIaBHi HelocTaTak oBe KOHCTPYKLIMjE ITPOUCTIHYE
M3 NPUCYCTBA BElIMKE KOMMHMHE YBPCTUX HecTuila v racy koju ce caropesa. Ose
HECTHLE C6 TaLOAe Ha JAHY JLIOAMLILITA, DP30o ce xiaje u Jonputoce nosehaHoj emucujin
yIbeH-MOHOKCHIA, BefieM cagpaxajy Hecaropenor yrikeHuKa y neneny, kao u sehoj
KOHLIEHTpaluWjn decTiiia vy auMuaoM racy. Osaj npofinem je noceBuo 13paken
NPUIMKOM CMarherha KOIUIHE ropiBa Y KoMopH 3a racudukaimjy (nosuimja 1 ya
Coiun 3.2), jep ce Tajia cMarsyje oTmiop crpyjama sasiayxa v raca. Ma tor pasnora,
JHAYAjaH [1e0 JTOAHUITHOT TPOCTOpa 00I0KeH je BATPOCTAIHOM KEPaMMKOM, MITO jé
npuxazane Ha Oy 3.20, a TpuMeny 0BaKBOT KOHCTPYKTUBHOT PEIIea HaTa3imo
y pedepennama [81,82]. Koxcrpyximja npuxazana wa Crmmgmn 3.1s uecto ce
npumersyje y npaxcu [83]. MNMokasana ce noGpom amm mva 1 n3secHe Henocrarke, Y
racudpukaroHoj komopu (1), crpyjarsenm sasnyxa, Apso HenoTyHo caropesa. Hakon
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winacka w3 30He racudpmkanmje, Topusk rac goropesa y mebyxomopu (7).
lacudpukamona KoMopa u sMebyKoMmopa cv OflBojeHe eleMeHTOM Of BaTpocTanHe
Kepamuke (5), uuja je yiora ja:

Orpanmuau soHY racudkamje M IT0HMIITe.

Jajpaki rOpPHBO TOKOM Caropesara.

Omoryhn yeoberme 1 npenrpesarse CeKVHIAPHOr Ba3ayxa.

Obe3ben agexsaTHO Melllakbe TOPHBOT Faca ca Ba3ly XOM 3a Caropesase.

Yy wwy

LE ] ::_E;l

vy - A

(&)

(»)

8}

Cmxa32 | Arunmpane KOHCTPYELe FacHHEALITNIX KOTTIONA G HCTOCMEPHOM Ik HEaron

orpesHor apseTa 1 - mprsapHi sy (3 o MEAIMY) 1 KOMOpa 38 racipukarny, 2 - CeRVHIAPHI Bagyx
(34 caropesatbe TOPHBOr faca), 3 - KOMOPa 5 Caropenatbe, 4 - KOHBEKTHBHN [0 KO, 3 - 21eMeHTIa o
HATPOCTRTHE Kepasiike, 6 - ka3 crpyjasse sone, 7 - mebysosopa (Croma npeyaera wm ped, [11]),

M3 mebyxomope (7) muamen rac yiasi y noxuiire (3) v kosme ce Hanasu nenessapa, m
TOM MPWIMKOM ITpeflaje TOIUIOTY KOTJIOBCKO] BOZIN 3patieibeM 1 koHsBexnnjon. Haxon
npoiacka Kpo3 JIOKMINTe, JUMHEM Tac y1a3y ¥ KOHBEKTHBHM [1e0 KoTiia (4), koju je
cauubeH Off AMMOoBOaHMX epn. [IperxofHo TosMeHYTH HeIOCTalu KOHCTPYKIlnje
npukazane Ha Cruny 3,28 npepacxonHo ce omenajy v nosehanmy emMucnjama yrsen-
MOHOKCH71a 1 OKcizia asota. Havme, nopehade emMicije yribeH-MOHOKCH/IA jaBkajy Ce;

# Ha camom nouerky pana jep ayToMaTHKa 3arovMiibe Peryiaivjy ca noTiyHo
OTBOPEHUM KJIarHaMa NMPUMapHOT M CeKYHOapHOT Baiyxa, W rmoTpebHo je
BpemMe J1a ce npouec crabumsyje.

[Mpu cMarbersy KONMYMHE TOPHBA ¥ KOTIIY,

28
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Kapna y sonu racudrmxatpsje (1), onHocHO v KOTITY, OCTaHE Malla KOMTYMHA TOPHBa MITH
Kara je sMcHHa C10ja ropusa HIGKa ol HUBoa yDalMBarba MpUMapHOr Basiyxa, Basiyx
Kpo3 OBy KOMOpY npoiasm ¢ sakohom, y3 HenpoMmerseH pajl BeHTWwiaTopa 3
m3banmBarbe THMHOT raca. 360r cMarkeHOT oTIopa crpyjamsy, nopehiapa ce KOMHMHA
MpUMapHOr Baylyxa, WTO A0BOAM [10 WHTeHIMBHWEr caropesamka Yy 30HH
racudpukaiimje M omoryhasa ropusom racy na npedece selly KOMMUMHY YBPCTHMX
yectuua vy mebykomopy (7). Tlopehara komiuirHa nmpojykara caropesarma HOCH ©a
coBoM j1e0 uspeTrx vectua 13 Mebyromope (7) y nosunrre (3), e ce one Gpso xnane.
Harmi nag Temmepatype 11 Hea[EKBaTHO ONICTPYjaBakse raca MOBOIE 0 HETIOTITYHOD
caropesarsa u nosehane emucuje yrpen-monokcwaa. Cwmamerse eMucHja yribeH-
MOHOKCH/IA M OKCHIA asoTa moryhe je nocrihin kpos:

» Wsmene y Hauuny paja nocrojehie koHcrpysimje.
» KoHCTpyKTUBHE HIMEHE 30He Caropenarma.

Ha Cmmm 3.2r npukasaHa je KOHCTpYKIIMja ca BaTpocTaldHuM yMerkom. Osaj Tin
KOHCTpyKiMje ce cpehe y pedepeniniama [84,85].

V sacraeky normae’ba 3 winpBojeHe cv M obpabene Be 3HauAjHE TEMAaTCKe LETHHE.
IMpea je onmucana vy normassy 3.1 u objasseqa je 2021, ronuue v pedpepenun [86]. V
0] CY NPUKaZaHl YOo4eHH HeJocTary nocrojelie KoHcTpykmje racudMKanimoHor
KOTIa Ha apea. Hemocramm ce omepnajy y mHTesnsHujeM xiabery raca u Bemiko]
pazmii ¥ oTnopuMa crpyjatka wameby nee racHe crpyje. Luws papga je Guo
MPEUTERUTI MOIes T raciUKalinoHe U KOMOPE 3a Caropesarhe KoTia Ha Opea, Kool
KDjiX ce KOpUCTi npenrpejani sasayx. Fberosa npaswma pacnonena u npearpesarse
MpPEeICTaBbajy TIABHE 3anaTke Koju ce mocrieky npusmenoy CFD vmonena, [pepoxena
KOHCTPYKIIHMja KaHaa, o[{HOCHO OTBOpa 3a yeoberse nperpejaHor npuMapHor u
CEKYH/IAPHOT Badyxa y racudMKkallMoHy 1 KOMOPY 3a caropeparbe, [IPOjeKTOBAHA je
Tako ga oMory hin mrmo nomymnje caropesarme W yomepasatbe masMena. [Nocreneno
yeoberse Easgyxa Kpo3 seriikn Dpoj oreopa TpeDato DM ga cMamky eMucHje yribeH-
MOHOKCHUIIA, OKCHMJIA A30Ta W WCTIAP/BHBMX OPraHCKUX jefMEeha, 0K YOMepaBame
rIaMeHa MMa 3a b CMarbehe eMucuje YBpcTix Jectiiia, [Jpyra uennHa je onvcaxa
y nornamsy 3.2 u objawsena je 2023, ropume v pedpeperim [77]. V moj je npuxazano
EECTIEPUMEHTAITHD MCIMTHBALE racpHUEAIINOHE KOMOPE KOT/Ia Ha JpBa TepMUYKe
cHare 18 kW.

3.1. TTOCTOJERA KOHCTPYKLIMJA
FTACMOUKALIMOHOTI KOTJTA HA JIPBA
TEPMWYKE CHATE 28 kW

YV oom nomasey onucana je nocrojehia korcrpykimja raciudpMKalMoHor KoTia Ha
fapea TepMmuuke cHare 28 kW, Kao W aHaiMsa HLEroBUX YOHEHWX HeNocTaTaka,
objambernx y pedepenim [86]. Komnanuja Pagujatop nmkemepunr n.0.0." 13
Kpamsesa npomseena je 2018. rogire racnduKalimoni KOTao Ha JIpEa TePMITHKE cHare
28 kW, nassan TKII-28, koju kopucTi npuHIMN nottpedHe raciudomxanje. Ha Croanm
3.3 npuKasaH je nonpedHn Mpecex NOMeHyTor Ko, YKpaTko, KoTao je ImpojekToBaH
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TAKO J1a MPUMAPHKM BAYIYX CTPYjW O/I03/10 Hasuie y crpany. [TpuMapHy, oiHOCHO
racudpuraiimon Bayay x (1), yeoau ce y KOTao, Tj. 30HY, MO0/ BATPOCTATHE DIEKe, Te
Ce NPeTXOIHO 3arpesa, HAKOH Yera [PO/Iasu KPos Pererky 1 J0C1esa /10 ropusa Koje
NP TOME HENoTIVHO caropepa, oflHocHo racudpukyje ce. 3oma racudpuxaiiie
HCTOBpeMeHo je u Dyakep 3a ropuso (2). Maabpan je ByHkep noBo/kHOT KanaryreTa
na obesbenm /1o 16 uacosa pasia, 6es norpeBe 3a ONATHUM JIONYbaBarkeM ropusa,
Ocropra samucao Dwia je 1a ce Kotao npwiaronyn norpebama nomahmacTsa Taxko 1a
omoryhn jernno noxere gresto, Fopusk rac (3) noroM crpyji Hasuime 1 Ha CTpaHy
KPO3 BATPOCTAITHY OMNEKY Ha YMjen TOPHeM Kpajy cy oTsopu 3a yeoberbe cexyHmapHor
pasyxa (4), mie ponasm g0 NOTHYHOr caropesarba raca (5). Barpocranna onexa je
KOHCTPyMCaHa Tako [ia OTBOPM 3a CeKyHuapHu Baylyx Dyay HecumerpudHo
pacriopebenn, mTo ¥ KOMOMHALMjM ca TOPHOM BAaTPOCTA/IHOM TperpagoM (7),
Hapabenm.{ Ofl BePMAKYIIATA, W3AIMBA ,Tanacame” OUMHOr raca Kpo3  30HY
caropesatba, TTpeTXoIMHO OMICAHO Tallacarke AMMHOT Taca OCMUIIULEHD je C IbeM
nobossinama Tparcepa Torwote n edexra  MHepUMjAIHOr oTpecarka” YecTia 13
muMHOT raca. Y3poKoBaHO TANACAFEEM ¥ MATOM DPIMHOM, IMMHM Tac QVKE ocTaje ¥
NOHMIITY OTO  JIONPMHOCH  edmKkacHujeM TpaHodepy Tomore. Ocum  Tora,
KomGuHaluja Taacara 1 Maste Op3nte omoryhasa Tanoxerse 4ecTLA,

Comka 3.3 | [onpewn npeces noctojehe KoHCTPYRLIMjE I3 ELLIMOHOT TOITTMSOHOT KOTA TEPMIAHKE CHare
2B LW .1 - npraaprna (racdukanmos) Basnyx, 2 - 0Ha ondikage viemHo i ByHkep % ropiso, 3 - ropesn
rac, 4 - HECHMETPMUHLE OTBOPH 33 YBoBeHe CerRyHIRPHOT BIXI1Y X 33 CAIDPeBabe, 5 — B0HA caropesara, 6—
TALBCACTE Ty kb MO Maca Kpos asmnime, 7 - srpocraia nperpaza, § — omrypaocis omop, 9-
KoHBERTHIHM 1e0 kota (Crnia npeysera v ped. [86]),
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Mcmamusarsa racudumkanmonor korna TKI-28 wseenena cy y nabopatopuju 3a
UCTIUTHBAKE KoTIOBa kKommtanuje Panujatop wmxermepunr n.o.0.” y Kpamesy,
nouerkom 2019, ronune, [pe ceera, BaxHO je HanoMeHY T /1a je HTpoLec racudukalje
NpoTeKao epMKACHO, Tj. ga ce rac Jeno” racuuKkoeao v 30HM racudmMKarmje.
Mebyrim, Biro je onpebernx npobiema pezannx 3a caropesarse. Hanme, pesyirramn
Mepetsa Cy IoKasaliil J1a oy eMHCHje YITbeH-MoHoKCHIa Dite y oncery op 2500 mo 3000
ppm, Py YeMy je KTHnHa KUCEOHMKa ¥ [IMMHOM racy sapupana oko 7%. Pasnor
ToMe iieHTHdMKoBaH je y capajiibi ca 3anoc/eHMa KOMITaHWje, PN Yemy oy youeHe
[1BE BEITMKE KOHCTPYKTHBHE TPellke:;

» Hyxuna mnyrame raca of racudukanmone 3oHe fo Tauke yesobersa
CEKVHIApPHOT Bayiyxa je mpemyra. Tac ce Gpso xnanm M HeMma J0BOLHY
TEMIIEPATYPY 71a ,IPEeHece 1aMen” 10 30He yBobera CeKyHIapHOr Baslyxa.
To yxasyje fa cexynmapim sasyx, Koji ce YBOIN KPo3 HECHMETPHYHE OTBOPE,
MaITeHE la He YHeCTsyje y peakumjaMa caropeparba. Xiabeme raca je
MHTEH3MBHU]e Hero mmo D cveno DITH jep je BaTpoCcTaliHa ONeka OKpy#eHa
BOMAEHHUM NOBPIIMHANMA, TIPH HeMy [TPUMapHI BayLyX CTPYjH ca Jothe cTpaHe a
CEKYHIAPHM BA3IY X 3a Caropesatbe Npoiaii Kpos my.

[Nocroju Benuka painuka y oTnopuMa crpyjamsa nimeby ape racee crpyje. [pry
racHy CcTpyjy uuHM yeobeme OpuMapHOr Bajoyxa, Mponas Kpod 30HY
racudpuKarmje (crioj ropuEa) 1 Jark| IPoias Kpo3 BATPOCTAHY ONEKY 110 MecTa
veobersa cexyHapHor saytyxa (imMHuja Koja nosesyje nosuige 1, 2 u 3 ca
nowumjom 4 1a Crnvum 3.3). [lpyry raciy crpyjy unnm ysoberse u ybauusare
CEKVHIAPHOr Ba3lyXa ¥ 30HY caropesarsa (noaumuja 4 va Croarg 3.3), a 3aTim
Hajla/be CTPY i aHu rac. 360r pasmke y oTnopuma msmeby e racHe crpyje,
CEPBOMOTOPH KOJM yOpambajy KIanmHaMa 3a peryiucarse npuMapHor u
CeKYHAAPHOT Basayxa paae Hecrabwmio. 3a crabusiio yopasbalse HEOTIXOMHO
je na obe nyTare Majy npubIMLKHO jeIHAKE TAI0BE TPUTICKA.

v

3.1.1. CFD MOIOENITPEVTOXKEHE KOHCTPYKLIVJE
FACHUDVIKALTMOHOI KOT/1A HA [IPBA TEPMUWUYKE
CHATE 25 kW

Y onom (3.1.1) m menmy npatelinm (3,1.1.1-3.1.1.6) norrawvima npeacrantena je CFD
cUMYTIalja racdUKaliHoOHOT KOTHa Ha [pBa Tepwirtiake cuare 25 kW, objasmene v
pedepentu [86]. Ogrosapajyha pacnioniena npeirpejaHor mpUMapHOT 1 CeKYHIIapHOT
Ba¥lyXa cy riasHu saftaum Koju oy wcnrusadu CFD cumynauujom, Muavue, CFD je
ckpahenmua on ,, Computational Fluid Dynamics”, urro y npesoy ssaum PauyHapeka
nuHamMiEa qUIyizia 11 OHa IIpeicTamba alaT, Koji y3 nomoh mruratHnx pagyHapa
CAyAEM 32 npersubarbe W BU3VEIHO NMPeNCcTaMbalbe JIUMHAMMYKHX KapaKTepPUCTHEA
pasmuuTHX BpeTa dryuia koje je wemory he youwru romim okom. CFD je Basupan na
Happje-Crokcosum jerHauuHama Koje onucyjy sesy msmeby Opsnna, npuricaxa,
TEMIEpaTyPa 1 IYCTHHA pasmmuTix spcta duryiia koju ce kpehy [87].

Komepumjanso pocrynam codrsepeku naker Ansys 181 [88] u weros nHrerpucanm
soyin CEX [89] kopumhennt oy 3a HyMepitke CHMVIIALIHjE CTPVjara MPHMAPHOT 1
CeKYVHIAPHOT Ba¥lyxa Kpod racidMKalMoHy KOTao, Ha OcHoBY fdedpiHicane
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reomeTpuje, 3aTumM opmMupate Mpexe M TpaHinaHux yonosa. [lpu mpamu Momena
CTpyjatea NpUMapHOT U ceKyHAapHOr Basnyxa kpofffracudukaiuonn KoTao, yceojeH
je HajieprocrasHin 1 Hajuenthe kopmuhenn k — £ Mopen Ty phyrerrje. Osaj mopen
pelnasa Jige OfIBOjeHe jerHavIHe 3a KUHETHUKY eHeprujy Typbynenimje (k) u meny
pucunatmjy (£), omoryhaeajyhin nesasncho onpebusare Tux semmuna [90]. [nasaa
NPeHOCT TpuMene Kk — & Mojiena orena ce y kopuiiliersy cKOpo yHHUBep3alIHUX
KoHCTaHT, wro omoryhasa werosy ynorpeby v IIMPOKOM CHEKTPY PasimMuMTIX
ciy4ajesa crpyjamka Ges norpebe 3a kamGpauujom [90]. Cumynaumja je menyswna
MOCTARBEHN KpuTepHjyM  Kouseprenmuje (< 1x10+4) ma 240-toj wrepanuju 3a
BPEMEHCKN Iepuoy o ommpwmke 2 cata i 15 munyra, Cusmynaumnje cy ypabere na
DESKTOP-DO060CN  pauynapy ca AMD B-jesrapuum  FX-8350 @4.00 GHz
npouecopom, 8 GEJRAM memopuje u rpagpiakom kapritiom cepuje AMD Radeon R9
200. Toxom paga cumyianmje Guio je anraxosano npoceuro 7.5 GB RAM memopige
u 30% kananureTa nmpoLecopa.

3.1.1.1. OINMUC rEOMETPUJE INMPEJTOXEHE
KOHCTPYKLMJE TACUPHUKALIMOHOT KOTITA

IMpouenypa dropymparsa 3D momena cacToji ce w3 [1pa KOpaka:

# [llpen kopax obyxsara dopuupaise 3D Mopena npeiomeHe KOHCTPYKLje
TOIUIOBOIHOT TacudMKaLMOHOT KOT/A.
# [pyru kopax oGvxsarta dopuupame 3D ucnyHe reomerpuje dyiaa.

Haxne, npen kopak obyxsata cpopmupame CFD smonena crpyjara npuMapHor u
CEKVHIIAPHOT Ba3/1y xa Kpo3 raciudikalimoHi KoTao vi nosoh Mo/yia kojiu ce Hanasn
y oKBUpY codrBepckor nakera Ansys, v Koju ce sose DesignModeler. On crvxnm sa
KpeHnpare ¥ npunpeMmy reoMerpuje npe issobersa myMeprHsux cusyiamsja. Y
DesignModeler momyriy nedwmmmme ce moMen dyiymaa (HITp. VHYTPaNELOCT KOT/Ta),
Tj. npocrop y kome he ce pemasatn Haeuje-Crokcose jennaunne. Y HoBujum
sepsujama Ansys-a, DesignModeler ce cpe ueinhe samerbyje SpaceClaim-om, koju By im
uHTYUTHBHU]e 1 duiekcuDuiHMje ynpambarse reomerpujom. Hosn konuent kot
kopucti npenrpejann sayayx. Ha Cmmgm 3.4 npukasan je 3D sopen npepnoxene
KOHCTPYKIMje rackdprKalMoHor Koria Tepmuuke caare 25 kW, noxk je na Cmanm 3.5
npukasana 3D uenyHa reomerpije drviama.

V sy oTKIamkama HegocTaTaka nocrojelie KoHCTpyELMje racidvKalinoHor KOTia,
TIPEUIOAEH j& M KOHIIMITMPaH MOTIYHO HOB CUCTEM 0TBOPa 3a veoberse nperirpejanor
NPUMAPHOT 11 CEKYHIAPHOD BasyXa ¥ racipMKaLMoHy 1 KOMOPY 38 Caropesare.
ITpusmapum Basayx (7) cTpyju Kpo3 HAJTOIDTH]Y 30HY, MPW YeMy Xi1aam jdoxure (3) n
yBopu ce y racudpmkanmony xomopy (2) kpos otsope (9) koju ce Hanase Gouno Ha obe
cTpaHe komope. CekyHaapHi sasjyx (8] ce vBoau y KOMOpPY 3a caropeearse (3) Kpo3
senmkn Gpoj orsopa (10). Jusersmje racndmkanuone komope (2) nsnoce 400x520x145
mm (oyxuHa, mpuHa v BucnHa), Kaxo je npukasano y pedrepestm [91], nomoxkaj i
AuMeH3uje BaTpocTatHe nperpane (4) yriuuy Ha emucuje sarabyjyhux marepuja, kao u
Ha Gpsuny cTpyjarsa AMMHOT raca, y3pokyjyhu meno nosehare wim cvarserse. Hakon
MHHIIMjATHUX peakija okcuaamje, godijerr rac 6u Tpebano nrro npe ga mobe y
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KOHTAKT €a npefrpejadiM cexyHIapHUM BazIyXoM Kaxo DM 0o 1o caropesarsa
Hecaroperx decruna of nosuiuje (10) no nosuowje (3).

<4

Comara 34 | 3D sanen rpeyioseHs KoHCTPYKIRfe R EaoHon KaTia TepMitke cHare 25 kW, 1 - Gyrixep
= ropeo, 2 - oudRaLiIoHa KoMOpa, 3 - KOMOPa 58 CRIopesarse, 4 - BITPOCTaHa NPerpaii, 5 — a3 O IMHor
TaC, b ~ BOGEHN 120 K0T, 7 - Y183 IPUMAPHOL Bamya, & - yias cokyHIBPHOT Basiyay, 9 - oreopu a veobee
HPUMAPHOT Basiayxa v rachdmratpony souy, 10 - ommopi 3a ysoberbe CExyHIAPHOT BIEIYXa 3a Caropesatie
(Croaa peyera s pech. 86
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Cmxa 3.5 | 30 vormym reosserpste duryvra (obenesxera senesos Gojon). a) kommosckn s, 5) normysa denyvma,
B DyHEED 33 TOPUMED, T) BOMEHM IR0 K0T,

C obaupom fa je akueHar aaT Ha ogrosapajyhoj pacriopenu npearpejasor mpUMapHoT
M CeKyHIapHOr Bagiyxa, necpunncana je n yesojera 3D uenyna reomerpuje duyina
npukasana #a Gy 3.56, /10K cy Komiosckn JiuM, OyHKep 3a TOpUBO M BOIEHW /180
KOTIIa M30CTARIBEHN YV OarkeM pamgy cuMymnamije. Kana je reomerpuja cnpemua, 3D
MO Ce [IA/LE Y MOILYJT 32 FeHepucame Mpexke.

331312, MOJALIM O MPEXH

Mpexa mpefcTasba 0CHOBHH Kopak v npunpemu CFD cumynaiimja ¥ npeacTasba
NPOLEC ANCKpeTusatimje reomerpuje Ha senmkn Gpoj manmx enemenara, 1. henmja, y
KO[MMa ce HYMEPHWHKN pelnasajy jepHaunie kpetara dmymwna (Hasmje-Crokcose
jemmasmiae). Ha camom mouerky dpopasmpana je v npukazana #a Cmmm 3.6 rpyba
MPpeka ca 30HaMa Off MHTepeca, Koja ce cactoju o 115958 uropoea 1 587847 enemenara.
MuHumaHa avaHHA cTpadnie eneMexara je 0.682 mm, J0K MaKCUMAIHA [YAKMHA
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-
M3HocH 68.2 mm. Hpoceque BPEIHOCTI KBAITMTETA €NeMEHATA, DHOCA AVAIHE W
sBucnte Neimje, oproroHaiHoOr Ksadurera v uckpumsenocTt hermja wanoce 0.823,
1.929, 0.751 u 0.54. Baxno je Hanomenyty j1a Des KBUIMTETHE Mpexe, U Hajbosbn
MaTeMaTHYEHM MOTern MO&e NaTHh HeTauvHe peiyiaTare. To anaun a KBATTMTET Mpexe
AVIPEKTHO YTHHE Ha TAYHOCT pe3yirrara, a Takobe u Ha Bpanay koupepreqmige. Opako
dopyupana Mpexa kojy je codreep cam nedunmcao je npesuine rpyba, na ce crora
dopumpa HoBa MpexKa.

TIEIPESEM DEECEN HOMOPE 13 CITOPeR#he MOMpEE IPECEN [30RgUEIIMONHE BOMOpe

6)

Crmina 3.6 | Ihoverrpaicias nipisan rpsoBimin dopaarparie rpyDe Mpese ca s5oHane off HITTepeca. a) IoTped i
ITPECCK KOMOPE 32 CANUPERAH:E (0P cA CTpane), ) IoMpesiH 1ITPeCces rackd X IKALIMOHE KOMOpe (normen
),

Ha By ce AobUITH MPelM3HMIM PesyIITaTH, YV HacTaBKy cuMylalnuje kopuinhiena je
dumna mpesxa (Cruxa 3.7), Koja ce cacroju on 2799678 usoposa u 15137173 enemenara.
Munumanta gysuna crpanmie enemenara je 0.148 mm, nok mMakcumanta iy &uHa
manocy 14.84 mm. [lpoceure ppenHocTy KBaIMTETa eleMEHATa, OOHOCA IVENHE 1
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BuckHe lenvje, OPTOIOHAIHON KBaMTeTa 1 WokpuskeHocTi hemija wanoce (0,842,
1.827, 0.864 1 0.22.

Nanpeske npecel KoMope 33 CalopeRaHe MR npeces facudsicagiois maope

Comxa 37 | Piaosmerpigesn npuxas isalipare dhrime sposke ca I0Hasa L IHTEPEca. a) DOHpaesng NPecek. Kovope
@ caropenarse (Normer ca crpade), b) nompeuri npeces rackidpiKatiose koMope (ores auoan).

Hakon 1o ce Mpesa Kpeupa U saiuiaipa, ekcrnopryje ce v yaurasa v Fluent wim CFX
(v osom criyuajy CFX), rae ce pedpmrminy rpasiusm yenoen n nokpehe cumyatimja,

3.1.13. MCTTUTHO rOPHUBO

Kao ucnutao ropuso kopumilieHe ¢y GykoBe UeNaHWIE PaziuuauTHX [IyAKHHA,
Hhuxosa eneMerTapHa 1 TEXHIMEKA aHasa Huje pabena, anm je cacras cysor Syvkosor
npeeta y3er w3 Baze nogaraxka Phyllis [92], npuxazan v Tabemmn 3.1. Cagpixaj snare on
19.3% je wamepen nomoly ypebaja Testo 606-1 [93], w oppeben je kao cpe/rsa
apuUTMeTHYKa BpeHocT 50 HM3MepeHux BPeIHOCTI.
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TaBena 3.1 | Kapakrepucrnke kopumhenor ropusa [92]

Texuuuka anaTHsa

W macenn %, siamHa OCHOBA 19.3

A macenn %, L1AKHA OCHOBA 0.49

EnementapHa anamuia

€ macenn %, BITAXKHA OCHOBA 48.35
H macenn %, nrrakHa ocHoBa 5.86
0 stacenm %, KN OCHOR 4498
N macenn %, wiaxHa ocHOBA 0.31
5 saceny T, WA 0oHOBa 0.02

Tonnorua soh ropusa

Hy Ml/ka 19.07

Hy MJ/kg 20.25

3.1.14. PAHMYHW YCITOBM

Ipasiaim yesos NpeicTarbajy jeiad o HajsaxHujux Kopaka y npunpesin CFD
CcUMYyZanvja, jep aediHMIIY Kako ce MOJEN NMoHaIa Ha TPaHiaMa CiMyIIalMoHoT
pomeHa. dpyrias peanna, oru ofpebyjy mra Fluent e CEX  sune” kao ynas, wiaias
UTL. Jako je BaHO fda TauHo Gyiy aeduHuca i rPaHitiHA YOIO0BH, jep ¥ CYNpPoTHOM
moxe nolin no HE"'E‘{HM PE3IVIITATA, HEVCIIEXa KOHBEPTEHITH]E T,

Ha Cmmwn 3.8 npukasanm <y rpaduunm yoiosu obnacrun dpnyuna. Vimas y
racudMKAIIMOHHT KOTA0 MPECTaBiba MPHMMapHI BAIyX ¢a rpaHuiom Tuna ,inlet 17,
npu 4eMy jé MpoTok IIpUMapHOr Basyxa [edpuHMcaH Kao MaceHu MPOTOK BasIyxa
PaBHOMEPHO Paciiofie/beH 1o nolpeuHom npecexy. [Iese nokauuje pedpmamy ynas
CEKYHIAPHOT BaIyXa ¥y MOMEHYTH KOTAo ca rpaHMIIoM Tura ,inlet 2, npu gemy je
MPOTOK CERYHIAPHOr Bajnyxa Takobe nedwuHmcan Kao MaceHi MPOTOK Basiyxa
paBHOMEPHO pacnofie/bed 1o nonpednoM npece@). Vsnas caynga ws Korina
nedpMHMCAH je rpaHMiIoM THa ,outlet’, mpu vemy je rpanuia ojipebena wilopom
ontuje ,static pressure” 1 pedunncarsen perarusror tpiriucka o 0 Pa. Cee ocrane
MOBpIIMHE JeduHucane cy rpaHiomM ,wall”,

Koedmumjer sumika sasayxa koju nsnocu 4 = 1.5 oapeben je na octosy [18]:

209

= —_— 3.1
209 -0, Ll
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npy demMy je caapa) KMceoHWKa Y mimHoM racy (0, = 7%. Oso je THminiHa BpetHOCT
3a oBY BpcTY racudpukaimionnx komiosa. Ha ocrHosy pedrepenne [10], yesojenn cy
KoedpuLMjeHTH BUIIKA NPUMaPHOT Ay = 0.8 n cekyupapror Aq = 0.7 sasayxa.
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Morponitsa ropusa koja imsHoen B = 0.001457 kg/s onpebena je Ha ocrosy [94]:

E= 3.2)

roe cy @ = 25 kW Homumanmsa cuara korna, Hy = 19070 kJ/kg nowa tormorHa moh
ropusa 1 17 = (.9 crene’ KOPUCHOCTH KOT/Ia.

Macenu mnpOTOLM TIPUMAPHOT Iy = 0.002304 kg /s u cexyHnapHoOr My, =
0.001249 kg /s sasnyxa onpebenu cy Ha ocHosy [95]:

dz
rﬁ=p-.ﬂ'l-v=p-rr-(§) v (3.3)

e cy p = 1.2041 kg/m?® rycruuaa sayyxa Ha oKoitHoj Temmepatypu ot 293.15 K, A
NoBpHIMHA nonpeydor npeceka, dprm = 40.3mm n dee = 25.7 mm  npewsumnm
VJIa3HUX OTBOPA MPUMAPHOT M CeKYHAAPHOT Bajlyxa v racupuKalMoHW KOTao, a
Vprim = 1.5 m/s 1 vy, = 2 m/s Bp3uHe HPUMAPHOT W CEKYHIAPHOT Bas/lyXa.
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3115  TPEVIOXKEHA KOHCTPYKLIMJA KAHAJIA 3A
VBOBEE ITPEI'PEJAHOI TIPMIMAPHOT 1
CEKYHJIAPHOI BA3/IYXA YV TACU®UKALIMOHY
1 KOMOPY 3A CATOPEBAIBE

Ha Crmr 3.9 nmprika3saHa je IpefUiokeHa KOHCTPYKIIHja KaHama Tj. oTeopa 3a yeoberse
NpearpejaHor MPUMapHOr M CEKYHIapHOT Bayiyxa v racuukamony KoMopy u
KOMOpY 3a caropesarse. Ll je Guo pa ce npumaprm sasayx npearpeje (mponasehn
OKO M HCTION JIOMHINTa) TTIPpe HEro 1ITo ce YBeae Y racipUKalHoHy KoMopy Kpos 34
orsopa 1j. pyne (use selie, npeurnka 30 mm 1 TpuieceT ase Marse, npeunnka 10 mm)
cMerrere DouHo ca obe crpaHe KoMope, Ko/muiHa nprMapHOr Bas/lyxa ce peryiiine
KIAMHOM KOjoM yrpasmsa cepsomortop. Hajuarse pacrojarse wameby orsopa 3a
NPVMapPHU 1 CeKyHIapHn Bayryx mopa ouru 200 mm, kako Be bu gouwio oo xnabersa
raca.
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| - [ =
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—
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| 1
&)

Crmxa 39 | Npeymssera KOHCTPYRIBja Kakaima (0Tsopa ) 5a yeobeise mpemrpejaHon ) IpuasMapHor sasya v
rackicpHEAIMOHY KoMopy ¥ §) CeKVHImPHOT Ba3Tysa Y KoMOpY S caropesarse (Cnmka npeyaeTa s ped. [S6]),

CexkyHIapHM BAIYX C& YBOJ/IM Y KOMOPY 3a caropesarse Kpo3 serukn Gpoj mHujekmnx
(nosumje s1, 52, 53, 54 1 s6 ma Coiw 3.9.6) 1 marm Gpoj kpyarux oTBopa (nosuija
s5 Ha Cmvmm 3.9.6). JTusujckn v kpyxHn oteopu Tpeba na obebeme Gorbe Melnarse
FOPHEOT Faca M CEKYHIAPHOT Ba3/IyXa.
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3.1.1.6. PE3VIITATW CFD CMMYJTALIMJA

Ha Crmxama 3.10, 311 n 3.12 npukasanu cy peIyiITaTd HYMEpPHUMKE CHMyTalije.
ITpropureT je nat HP3MHCKOM TIWLY TIPHUMapHOT 1 cekyHIapHor sasayxa. Ha Crmmn
3.10 mpukaszane cy Opsune npumapror saziyxa (1 - cTpama Hacynpor ynasy
InpUMapHor sasayxa) y oncery on 0.6 no 1.2 m/s.

Gpanna [m/fs]
1.2
1.1
10
09
0.8
0.7
0.6
0.5
0.4
0.3
02
01
0.0

MprmapHn
Ba3fyx

Croma 310 | Bpmsrcso novke npysvapHor sayyxa. | - crpasa sacympor yiasy npusapsor sauyxa (Crma
npeyaeTa v ped. [86]),

Ha Crmum 3.11 npukasane cy bpsuxe npusapyor sasayxa (I - crpana Gmoka ynasy
npuMapHor eagayxa) v encery og 0.6 oo 0.8 m /5. Hymepimixa cunynanmja je nokasana
fa ce nobujeH Pe3yiITaTi pasnukyjy o oueKknBaHix 3a npuMapHi sasayx og 1.5 m/fs.
V oba ciyuaja, Hajeehe Gpsnne cy octeapene kpos nea seha oTpopa, npeunuka 30 mm.
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Bpauna [m/s)

1.2
I1.1
1.0

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

MpumapHm
Baznyx

Coxa 311 | Gpsvmicko novse npemtapeor sayayxa. [l - crpana Gesa ynasy npsnsapror sasayxa (Craka
npeyieTa v ped. [86])

Ha Cmmm 3.12 npurasano je Op3MHCKO Noke CcekyHIApHOT Basayxa. Kao w y
NPerxorHoM ciyyajy, 1 osje cv fobujere Dpaute v CYIIPOTHOCTH €A OYeKHMBAHUM Of]
2 m/s. Ha ocrosy Crmke 312 1 3,130 moxe ce npuMeTUTH /1a CEKVHILAPHM Bay1yX
drasopisyvje sasayiuHy sasecy (nosuouja s1) Koja ce HaNAM ¥ 30HM caropesatka ca
Opannama on L6 oo 1.1 m/s. Lhoe sasnymee sasece (s2) je ga ycMepH IVIAMEH, 0PI
ueMy cy Op3mHe ceKyHOapHOr Bazuyxa Omne y oncery op (.6 po 0.67 m/s. bpaune
CEKYHIAPHOr Baxlyxa 3a ocTale nosuipje (s3, s4, s5 1 s6) cy manocnne o 0.25 m/s.
Taxobe ce Moxe NpUMeTHTH 1a je BPINHCKO NO/bE HELITO HENOBOLHIjE jep ce cTsapa
LKpaTKa Besa” MpeMa KOHBEKTUBHOM J€71y KOTJA ca [J0Me CTpaHe BaTpocTaiHe
nperpage. Haxne, cumynammja je mokazana pma ce Hajpehe Bpamme ocreapyjy xon
BaynymHe sasece (s1), mrro je w gobpo, jep dasopusyje nonmsarse tenena n
Hecaropenux 4ecTilia MpeMa KOHBEKTHBHOM 181y KoT/ia,

4
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Bpawuna [m/s]
1.2

11

1.0

109

0.8

0.7

0.6

05

0.4

0.3

02
0.1
0.0

CeRyHOAPHK BA3OYX

O

Crmca 312 | Bpaswcko nonse cexyipmpror savyxa. [losnoga 1l {Comka npeyiera v pedp. [B6]).

Ha cmnm 3.13 npukasana je gucrpubyumja npuMapHor M cCeKyHIapHOr Basjiyxa y
racidpmkannonoj w komopu sa caropesarbe. Ha ocnosy Crmaxe 3.13a mome ce
3AK/BYHMTH A MyTaka TpUMapHor Bayiyxa dasopusyje crpany (1) macynpor ynasy
npusmapHor sasayxa. Ha ocuosy cumynammje npuseheno je na y racuduxkaimonoj
KOMOPH TOCTOjU HEpaBHOMEePHO DP3MHCKO Mo/be Bayjiyxa.
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NPAMApHK B33AYX *

Gpanna [m/s]
12
1.1

6)

Cronxa 313 | [Tucrpuliyusga npuMapHor 1 cexyHIa PHOT BI¥YXA Y TachMEALIIOHY KOMOPY H KOMOPY 3
CADPeBAE, ) IPMMAPHI BTy (nore oen) v B) cexyrmpim sayx (uome oposip).
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3.2, EKCITIEPMMEHTAJIHA MCITUTWBAA
ACNOUKALIMOHE KOMOPE KOTJIA HA JIPBA
TEPMWYKE CHATE 18 kW

V oeom (3.2) w mwemy nparehum (3.2.1-3.23) mormaemeima [IpencTaBbeHa Cy
eKcHepuMeHTaIHA NCHINTHBaa racudukalinore komope objasbene y pedeperim
[77]. VermemiBarea cy pabena Ha koTiny Tepmudke cHare 18 kW ca mctocmepHom
KOMOpOM 3a racidpmkatiigy.

[Mpema orome 1o je objalmbeo Y NOIARbY 3, 33 cCAropesarbe JAPBeTa ¥ KOTIOBHMA
Ha DUOMACY HPUMEHY)Y Ce TPM OCHOBHE KOHCTPYELMjE: THITHHHA Ca CTPYjamem
HaBUILe, Ka0 W KOHCTPYKIMje ca WCTOCMEPHOM M HONPevMHOM TacidMKalujoM.
KoHcrpykimje ca  MCTOCMEPHOM W TIONPEeYHOM  TFacMdpURALMjoOM  OUTHKYjE
BUILECTENEHW [TPOLEC caropesarba, NPy Yemy ce racudukaumja ojasuja v nocebHo]
KOMOPH, HAKOH Hera ce HacTalIu FopuBM rac caropesa y noxumty. Masmeby nasenenmx
KOMOpa NOCTaB/bajy C& BATPOCTAITHN JIONAIN C IFUBEM 1ITO edpUKaCHUjer caropeBara
FOPHBOT Taca 1 MBPCTIX HECTHIIA KOje ce IIPeHOce 3ajelHO ¢ MM, Kao 1 noboskinarka
TpaHcdepa rorviote vy sosuuTy. TIpy NpojekToBaky BarpoOCTATHON [OaTEa W
reoMeTpHje IKHILITA HEOIXOIHO je V3eT v obaup TemriepaTypHa 1 Gp3nHCcKa 1oska,
K20 W cactas ropueor raca. [lpu npuseHnt HYMEPHMKOT MOIEIOBarka pajn
AIEKBATHOr [IMMEHSHOHMCA KOMOPE 3a Ccaropesarbe M KepaMiukor yMerka
HEDIIXOAHO je paciionarati nojaliMa O cacTaBy M TeMiepaTypH ropuBOT raca Ha
nanasy u3 racudpmranmone komope. Y nocrojehio] imurepatypn, THX Nogataka rotoso
11 a Hema. Y IIIaBHOM ce ay TOPH, Kao IITo je HaBefieHo v pecbepeniiu [96], droxycupajy
Ha caropesarse TOpMBOr raca po0ujeHOr y WCTOCMEPHIM peakTopHiMa  3a
racudpukanpjy. Iposatoc u koayropu cy vy paay [97] msspunuin HyMepuuko
MOO@THpalse KOTIA KOjil jé KOHLENTYAIHO BeOMa CIHHMaH KOTIy MpHKAsaloM Ha
Cmmn 314, ¥V mwey oppebusarmsa cacraBa raca, ayTopm cy NpeTHOCTABMIIN [a
TEMIIEpATYpa Ha Mana3y 13 racudpukanmode Komope mwinocu 850 °C, kao w j1a ce ¥
KOMOPY [IOBOJIM KOUTHHIHA NPUMAPHOT Basiyxa xoja obesdelyje koedmumnjert suinka
sasmyxa on A =0.66. Y snureparypm je wHajpumie nogaraka JoCTYITHO  3a
TPaINUMOHATHO BUILECTENeHO caropesarke Hasimne. Kox meera je racndmikanmja oo
JeTaka UcnuTaHa | o je nocedHo 3HadajHo cactas Jo0MjeHor raca BeoMa je crmvan
OHOM KOjM ce 10DMja y MCToCMepHIM peakTopHMa 3a racudpuxaumjy. Y oxsupy osor
Tymna cucreMa, ayropu [98] cy uecnwTuBarm npouec racidHKALNje OPBHE CEHKE Y
JABMUCHOCTH Of1 H:eHe BIAKHOCTH M KOIMMHMMHE Bajmyxa. Peiynmarv MCIMTHBaEA |
KOMIUIETAH MEPHU JIaHAall JIeTalbHO CY [npeicrasbenu. [iasHn saksyuim pana [98]
VEA3Y]Y [1a KOIUUUHA HPUMapHOr BA31YXa 1 Cajlpkaj Blare y ropusy uMajy sHadajax
VTHIIA] HA CACTAB W TEMITEPATYPY Taca, JaTHM Ha MOHAIAMLE FACMBHKOBAHOL CII0ja
FOpHMEa, Kao M Ha eMucHjy npamsacrix smarepmja. [Tpr HMCKHMM BpenHocTiMa
KOITMMITHE TPHMaPHOT BA3Ty Xa 3Ha"ajaH je yTuiaj Tepa Ha ToruiotHy Mol raca, 1ok cy
EMUCH]e NpalkacTHx Matepuja Hioke. EMucuje npamkactix Matepija cy sHavajHo
HuAe y cyuajy ynorpebe cyse OGuomace. Y pany [99] cy anamusupane reomerpujcke
necbopmatje 1 rybDuUTak Mace [IpBeTa ¥ 3aBMCHOCTH Off BPEMeHa W TeMIepaTtype
Tokom racudprkanije v xotnosuma. Kupu ca koaytopuma y pagosima [100] 1 [101]
aHaM3Upa WapxHU peakTop 3a racudukanuy y nelm koja xopucru pazmaiire

A
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epcTe Duomace. PesyrraTi OBMX pajioBa MoKa3yjy [a ¢y cacTaed foDMjeHHX TacoBa
BEOMA CTMMHM OHUMA KOji HACTajy ¥ MCTOCMEPHIM peakTopimMa 3a racudpmkaijy.
Vaumajylin v obsup nperxoiHo MuloAeHe HYHIEHWLE M 3axTese MOIe/oBaba 1
NPOjeKTOBaM:a, UL je D10 TPecTaBuT MCITMTHBAMA TacipHKALIIOHEe KOMOpPEe 1
AepHICATI OCHOBHE KOHCTPYKTHEHE 1 PajiHe NapaMeTpe Kojil yTUHIY Ha CacTas u
TEMITEPATYPY TOPUBOT raca.

Ha Cmimm 3.14 npukasas je racudpMKaloOHN KOTao Ha IpBa Tepsmirtike cHare 18 kW,
Ha Kome cy wieobenn excnepumenT. [nmasmm nenoBn Komia cy: racuduKanMoHa
komopa (rmosmuja 1 ma Coam 314 1 ma CGomm 3.156), koMopa 3a caropesarse
{(mozumja 5 Ba Crovngn 3.14 1 sa Gy 3.156) 1 koHBEKTHBHYN 000 KOT/IA (Mo3uLmja 6
Ha Crmrm 3.14).

Mimersuje racudmkanpone kosmope manoce 410x5206700 mm. Oua ncrospemeno
IV ¥ Kao CRIaIIHINTE TOpPHBa. Heena sermika 3Anpesita Dh—iﬂl’j’hﬂ.ﬁﬂ HEeNnoITHERH
pajl KoTia y3 camo jiBa Hanarama. Orsopu 3a yeobeme npearpejaHor npumapHor
BaYIyXa MOCTawbeHun cy Ha DoUHMM 3NA0BMMa KOMOpe, Ha sicutu o 150 mm on
reror aaa. Barpocranmm Beron, sumern Crimke 3,14 u 3,156, oBasiva swie yinora:
HOCH APKY FOPHEB], pajasaja racidMKaniony 1 KOMOPY 33 Caropesarke, aKkyMyriipa
TOIFIOTY HEeQITXOOHY 34 EHRDTEPMHE PE'BK[[I’-IiE, a IV 1 3a JLOBOTL, HPEMPEBHI—EE 41
yeobere cexyanapHor saiyxa. Ocum saTpoctanHor SeToHa M MACHBHMX BpaTa,
KoMOpa je HajselinM [eom OKpyKeHa KaHAMMa KPo3 Koje CTPYji KOT/IOBCKa BOJA,

lFopusn rac caropesa y sonn wiMeby racudpukaiiMore W KOMOpe 3a caropesatbe.
TMossmjonm 5, ma Cnukanma 3.14 1 3.156, osnaueno je kepamutaxko nocrome. Herosa
yI1ora je 1a omoryhi o DoToyHMje CAropeBase Faca M CHMTHIX HecTiIIa Koje rac Hock
ca cobom. Tlopen osux dyHKIMja, KepaMudKo TMOCTO/LE MMa M [IO/IATHE VIilore:
omoryhasa npuHoulerse nenena spatuma sa wimnhere, nocienryje Tpanchep
TOIUOTE ¥ NMOAWIITY M KoMOMHauMjoM npomena OpsmHa M HHEPHUjaTHMX CHIA
NOCHenyje TaIoAKehe JecTHIa.

Konsextuam feo koria (nosmiuja 6 na Croann 3.14) cactoji ce o tesi npeatinka 82.5
mm ca Typbynatopuda v obmiky onpyra. 3axeakyjyin BeHTHNATOPY (NO3Mminja 7 Ha
Cmmu 3.14), KoTao je Ha NOTNPUTICKY ¥ OIHOCY Ha OKOTHHY.

AyTOMATHKA YIpaR/ka KOT/IOM KopucTeht fBa BEHTIUIA M OICMCHM BEHTHWIATOP.
BeHTl 3a NpUMapHM BA3IyX, 3ajeIHO €A NPOMEH/BMBOM OPIMHOM BEHTWIATOpPA
MOKYINABA []d JIOCTUTHE 3aJIaTY CHAry, JIOK BEHTWI 33 CEKYHIaPHM Bas/IyX O/IpKaBa
KOHCTaHTHY 3a/1aTy KOHLEHTPanujy KMCEOHHKA ¥ AUMHOM racy, Hajaemihe oxo 7%.

3.21. UWCIIUTHO rormso

3a porpebe excriepuMeHTATHIYX McnHTUBaka Koputthera cy Dykosa fpsa, umjn je
cacras gaT y Tabem: 3.2. Cacrtae IpBeTa MpeyIeT je 13 MPeTXoIHIK MCIITHEAA HCTe
ceue [102] Tj. romure, MOK je BIAKHOCT MepeHa 3a CBAKY NOjeIMHAYHY enaHuy
kopuiheny y exkcriepumenty. Konmuisa siare ¥ uenaHmiama Kpetasa ce y oncery
on 6.5 no 22.6%, npu yemy cy Hajuetnhe spenrocty Gune wameby 9.5 1 11 mac%. Briara
je xonTpommcana nomohy ypebaja Testo 616 [103], wije je MepHo mecTo 03HauweHO
Gpojem 5 y Taberm 3.3.
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TaBena 3.2 | Texnnuka u enesmenTapya asanuia ropusa. 1 - y cynoj macu, 2 - xao
ocTarak, 3 - y cysoj macu Ges penena, ¢ - npoceyHa BpelHOCT,

Henapsiea macat Menea! Dukcad yreeaux's 0 HY 02 N? 83 Wi

859 0.57 134 491 57 445 015 0045 1285

3.22. MEPEHE BEJTTMYMHE U ITOCTYTIAK MEPEHA

HesasincHa wonvmiBama vy racudpukaMoHo] KOMOPM HWCY W3BOUBMBA  300r
NPOCTOPHIX OTPaHMHEka VOIOBBLEHNX TPHUCYVCTBOM Kanana, v Hajsehem gemy
KOMOPe, 3a cTpyjare Komioscke Bofe. M3 Tux pa3nora, a v OWby BepoIocTojHMje
CUMYTIAIIMjE PajIHMX VOTOBR, HCTHTUBAaGA CY crposobera tmMKmaHo: Ha ceakux 25
MUHYTA pajla, KoMopa je ucrnurusada y uarepsany o 10 munyra. Tokom ysopkosarba,
BeHTHNaTOp (mosuiamja 7 Ha Conim 3.14) je pagwo ca koacrarTHUM Gpojem obpTaja,
[IOK je NPOTOK HPUMAPHOL Baglyxa ojpkasad npuliiokHo KOHCTaHTHUM v3 nomoh
PYHHOr peryiatuoHor senrwa (nosuuuja 16 va Crivkama 3.14 v 3.15a). 36or cramamx
MPOMEHa OTTIOPa ¥ KOMOPH, OPOTOK BayIyXa Ce HelpecTaHo Mersa, amm ce nomohy
perTHNIA (mosummpja 16 va Crmxama 3.14 u 3.15a) moxe ogpekasati v ocrrery ox 0.1
[/s. OBaj BeHTHII je HEONXO/laH jep Ce 3aTBapareM J/IOBO[da CeKYHAapHOI Bajyxa
(nosmmgja 3 Ha Cinm 3.14) pemery crpyjHa CiMKka KoTia, 1T JOBOIN 10 Hopacta
MPOTOKA Kpo3 racPUKALMOHY KOMOPY yoiel sarsaparka napajgejine rpaHe 3a
CEKYHIAPHM Ba3myx. 3ampeMuHcKy mMepad npotoxa (nosmuja 15 na Cmikasa 3.14 n
3.15a) 1 NOMEHYTH PEryIAlMOHN BEHTIUT Y KopiifieH Ha OBOM MEpPHOM MECTY.
Papn obesbebersa TauHoCTH Mepersa, BOOUIIO e padyHa [1a Mepad [poToka o
peryianmuodn seHTiwl Byy NOCTaRbEHM Ha NPaso] AeoHMuM, muHlrvym 5D, on
Hajlmuxer JIoKkanHor oTropa. Macenis npoTok NpUMapHOor Basiyxa M3pauyHaT je Ha
OCHOBY M3IMEPeHMX BPEIHOCTH TeMIIepaType i BIaxHOCTH OKOIHOT Bagnyxa (MepHo
mecro 4 na Crunm 3.14 1 y TaGesnn 3.3).

Ha Criuxama 3.14 1 3.156 npukazaso je 2. mepHo Mecto. HakoH saTeaparsa J10Bo1a
CEKYH[IAPHOr Bajlyxa, Ha TOM MONOXKajy ¢y Kpo3 oTBop 33 BusyenHo npahiere
caropesarba NOCTAWLEHE COMIE 3a YIOPKOBAILE Taca M Meperse Temnepatype. Y
Taberm 3.3 maT je nmpemien ocHOBHIX KapakTepucTika kopumthenx meprix ypebaja,
Tepuonap K-mina je mocrapmseH /1o caMe COHJIE 3a YI0pKoBake raca 1 GHo je cuerrren
¥ HPOXPOMCKO] LEBM, KOja je cyaximia kao Dapujepa 3a TepMUtKO 3paderse 0/f DKO/IHE
KepaMuke. 3a yiopkosarbe raca kopuinhena je sogom xabena conpa (mosuimja 1 va
Cmm 3.14), ca ynmazom pacxiagne soje Temnepatype oko 10°C (noswmmja 2) n
manasos (moammja 3). Coxna je Grna 6r1aro HarHYTa Kd KOHIEHIATOPY Koju je xnaben
nerexos sonom Temnepatype 0°C (mosmja 4 va Cmuw 3.14). Oxnaben rac je ca
KOH/IEH3ATOPa yeMepaBat Ka ucrmpanim (nosuuuja 5 ma Cinup 3.14) sanpemune
0.25 dm®, Hanymwenoj ca 0.15 dm® wsonponanona. Mermpanuua je TokoMm Lermor
nocTynka Swia noTolwseHa v fefedy sony temnepatype 0°C. Thnasan geo snare u
TEpa WIIBOjEH je 13 raca v KoHpeHsartopy. Ciuka 3.16 HauMbeHa TOKOM Mepersa 1
MpHEa3Vje MITB0jEHN KOHIEHIaT KOji NPeicTas/ba CMerny soje, Tepa i vectiia. Ose
nogledme v Hajpeliem geny mpencrambajy HeracidMKOBaHWM YIVBEHHE MOHECEH

46




Muyanmgbymxiguonainocn xepaMuskux w Memaanuy dodanrara y kongobuma wa Guosmacy

raciom crpyjom. V pany [104] Xacnep w xoayTopw cy MpeCTaBiIy arlcopriiHoH
METOJ] 3a Y30PKOBame W CelleKiijy Tepa 13 ropusor raca. Kopumhermem Hasenermx
metona, Bymxajep w koayropm [98] ¢y ysopkosaim Tep w3 raca jgobujeror
racuMKAITHjOM IPBHE CEHMKE V KOTIY Male TepMIMMKe cHare. 3a paznmky o pana [98],
y KojeM cy kopuitheHe 1Be MCITMPaIIe ca BOJOM M TIET €A MI0NPOIaHOI0M, 011 KOjiX
cy Tpu Duile cumelmTeHe y nocyam ojipxasadoj Ha -10°C, y npejicTaBbeHOM
ucrruearey je umajvhu y suy mwerose norpede, saxtesaHy TauHocT, Bozom xiabeny
COHJLY M BE/TUKM KOHIeH3aTOp, KopuuhieHa camo jeHa nermpaimia.

4. “"ﬁ 5 - 83
l TaCuQAKEING I KOT30 &) ——
1 11 i 1Y HowMmHasE caare 18 kW 20
. 1.|

1

'_.|;' cobooooocodo
5

Crnmxa 334 | Llens excneprias i Hux SonMTisan. Keaipamnim osiakana o5 ese i Cy IImHN 1erosi
korra: 1 - racudpHKamora komopa, 2 - OTBOPI 3 IPHMMAPHH BAYIYX, 3 - CeRYHIAPHIN EYIYX, 4 - Haas s
rackdEanone Kovope (voBese CeRyHIAPHON B, 5 — BATPOCTAIMA KePaMIKA ¥ A0HH caropesarsa, b -
EOMBEKTINII (100 Komia ca TvpOy ermopina y obinmy onpyre. Mepra secra osavena tpoymosine; 1 -
MPUMAPHI (rAcHPIATmoHT) By, 2 - yI0pKOHAHE TACA 1 MEPEHA HETDBE TeMDEPaTYe, 3 - MEpethe
KAPAKTEPHCTHRG SIMHON FICA Ha WATACKY 10 KOT7ia, 4 - Crake OK0IHe, 5 - wiakHocT terarnng, Y epyaatinea
sepHa apesa: 1 - cora s VIopKosare racn, 23 - yIan M v pacomyiHe Boue i oo, 4 - koreearop, 5-
MCTTMPUTHLE HAIYECHI MROIPOTIAHOIo, 6 - iTmep ca uiHMKa reros, 7 - duurmep o crasnesmy wnkana, 8 -
MEpaL IpoToKa CyBor raca, 9 - saxyya mysiia, 10- mepere kormnare 00, 11 - meperse sommnnie CHy, 12 -
TACHI AT TOR, 13- BaVIyX 3 Fa!‘irmmmm raca, 14 - anesomerap, 15~ Mepad rpotoka, 16 - pyaim
peryiaiom neprrus, 17 - mepas nasaocm pea, 18 - sepayui resmeparype u Op v osiom racy, 19 - racin
asamearop, 20 - pRoksHeTHaRD yIoprorase veoriip (Croma npeyeers i ped, [77]).

Hisoano on ucrmpaninie 3a u3jiBajarse npeocTase Biare M dectuiia kopuithenn cy
drurrepi of citika rena (mosuumja 6 Ha Cmann 3.14) ¢ crakimeHnx BlakaHa
(nosuumja 7 Ha o 3.14). Hakon wsnacka ws dowrrapa, sanpeMmicKi IIPoOToOK ¢
TeMmIeparypa yiopkopaHor raca mepenu cy nosmoly ypebaja Zambeli ZB1 (punern
Tabeny 3.3). CyBi ropuBH rac je 3aTuM paiiBajaH Ha /1Ba TOKA: jefaH je youepaBsaH Ka
ypebajuma 3a onpebusame xonuenTpaivje metana CHy m yrbeH-moHoKcupna CO
(mmern Tabeny 3.3), 1ok je apyru yomepen ka racHom adamsatopy Testo 350 XL
(roswmja 12 na Crovrgn 3.14). Osi ypebaju (nosmnje o 10 no 12) nocesyjy concrsene
BaKVYM ITyMIle, Koje cy paiy nper/ieqqHocTi usoctas/beHe Ha Cragn 3.14. Y racHom
aHAM3ATOPY CYBI rac je pasbiaxusan okonHuM sasy xoM draxropom 40 (onnoc 1:39),
mpu yemy cy opebusane KoHuerTpatnje kuceomtka 0,, yriseu-qHokeuia €0, u Kao
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M vy (mosunpja 10 wa Cmuop 3.14)  koHueHTpanmja viobeH-moHokcuna  CO.
Konnenrpanuja asora N, mipadyyHaTa je Ha OCHOBY IPOTOKA MPMMapPHOT BayIyxa
{(rosuitja 15 Ha Crmun 3.14) n enementapHor cacrasa DyKoBuX Lernanmnia (Bniery
Nomormasmee 3.2.1). Kao u y pany [98], npernocrarseno je na je cas Tep v obrmky
xerrrana (3 H,,. Kornenrpannja somomka H; oppebusana je y3a npermocrasky na y
CYBOM TAcy, HAKOH W3/IBajarea BJare 1 Tepa, HUCY TIPUCYTHE JIPYTe KOMITOHEHTEe 0CHM
£0,C0, CHy, 03 11 N,

Ha meprom mecry 3 (Cmxa 3.14 u Taberra 3.3), Temmeparypa m KOHIEHTpalunja
knceonmka O, v IUIMHOM Tacy Cy HENpexniHo owrrasann nodolly KoTnoscke
ayromarike. [Ipe ispobersa ormcanx Mepersa, Ha CTOM MEPHOM MECTY CITPOBeleHa
CY KOTIIOBCKA MCTIMTHMBama v cknaay ca EN 303-5 (eunern TaBeny 3.4). TemmepaTtvpa
raca y MepHoOM JIaHIly KOHTPOJIMCAHA je HA MECTY MepeHd 3allpeMuHCKOr poToKa
(mosura 8 va Coam 3.14).

&)

Cnmka 315 | a) Vioosrmisarss KoTao o Seios MepHe ompese, 5) nompesi ITpecek Komia npeso
racviHEALLHOHE KoMOPe (0aHake oy Bete kao Ha Crmam 3.14), (Croesa npeyzera v pedp, [77]).
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Croexa 316 | Vhayws oasenne kovpesnara (Crsa npeyaera s pedp, [77]).

Tabena 3.3 | Mepra Mecra, Mepene BelliuuHe W KapakTepucruke kopuuhene wepre

onpeme [77],

Ipemka mepersa
Mepno Booi M
n poj €PEHA BEJIHMHHS 1 OTpeMa (anconyrHa win
pestaTisHa)
Mepau JanpesMuHcKor POTOKa HPUMAaPHOL BRIV X
1 15 Flowatch, sieprn oncer 1 = 30 m/s, @ 20 mm, pesonyumnja 0.1 £22% [1C
m/s, 3 cm/fs, panHa Tesmepatypa = 50 0o 100°C
JanpesuHckn DPoToK ropuear raca — Zambeli ZB1 - min 16
2 8 3 3 3%
dm™/h, maxcvsarn mpotok 4 m° fh
Konuenrpatga CO v cysom roprsos racy. Facuu
2 10 axaummsatop Uras 3E (npowmssobay Hartmann & Braun). +1%
Oncer mepersa: 0-23% CH,, 0-50% CH,
Konuenrpauuja CH, ¥ cysom ropusos racy. [acHn
2 11 anamsarop Uras 3E (npoissobay Hartmann & Braun). 1%
Oncer mepersa: 0-10% €0, 040% €O
2 12 Konuerrpamiga CO v cysoM ropreoM racy 5%
2 12 Konuenrpaunja CO; v cysosm ropusos racy #03 san%+1
2 12 Komerrpausga 05 v racy H1B%
B 45 Kounitsa siane o repa y CYBOM rOpHsoM racy - 02 my

rpasnMeTpHckos setogom JEX-200
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" 21 TemnepaTypa ¢ Ha MAIACKY M3 racudmEaHoHeE KoMope - +1°¢
= Tepmomap mun K (NiCr-Ni) maxe, 1370 °C
3 18 Temmnepatypa, KOHIEHTPAIIN]A KMCEOHHKA Y IMMHOM racy - $1°C
KOTIOBCKS AV TOMATHKA
. .1 zan'%
3 19.20 thpL’MHHfKH CaCTan 1 KO HA TPALIEACTHX Lm'wpuia Yy E;fﬁ;i EE?:;IU
mrsiHoM racy - Horiba ENDA 5000 S0, +10 ppm
pen. Bnax. £2.5%
ri
4 4 TemmepaTypa v PeNaTHEHA BIAAHOCT OXOIHOD B3Iy Xa
TeMIIEPaTYpa
#)5°C
5 17 Briaxuoct npea - Testo 616 (<50% snare), pesonyumja 0.1% per=0.1%/MB%

3.23. PE3VJIITATU

V TabGenn 34 npukaiaHu cy OCHOBHM TeXHMUKN [OJallM KOTIa Kod Kojer je
HCIMTHBAHA racudpukanoHa Komopa, Kojgo ose sBpore  KOTIOBa, ayToMaTHEa
peryIIMile NPOTOK CeKYHIAPHOr BAYIYXa TAKO /1 KOIMHIHA KMCEOHMKA Y JMMHOM
racy Byme oko 7% win ga ofirorapa Hekoj Apyroj BpeaHoCcTH Koja daje BICOK CTeleH
KOPHCHOCTH NpK HajHekmM Morylimy emmcnjasa. 360r Tora je majuemtha spefHocT
koeduimjerTa puiika sasayxa oko 1.5, 'V Tabem 3.4 oy npukasane n mepexe
BPEIHOCTH KO MPHMaPHOT BAY1VXa ChefieHe Ha KoedpiiinjeHT BUMIIKa Bas/IyXa.
Kpetane cy ce y oncery oz (.35 no (.45,

TaBena 3.4 | Kapaxrepucruke ucnurusanor korna [77].

Hosmmmanma cuara 18.07 kW
Crenen KOpHOHOCOTH 90.3%
Esucnja €0 (cremena na10% 03 vy ear) 126.57 mg/m}
Esstcuja NO, {10% 0,) 175.75 mg/m3
Emsicuija OGC (10% 04) 5.02 mg/mi
Estirenja mpamkacrix marepuja (10% ;) 18.44 mg /mj
A - majueinhe 1.5+1.6

A npUMAPHOF BATIVXA ¥ pany (TOKOM MCITMTIBA 164) 022H1.67 (min+max), (cp. ap. 0.35+0.45)
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V Tabems 3.5 npukazasu Cy pe3yriTaTi HeTHPH cecHje MCITHTHBaMA. Y nocienme nse
KOJIOHE MPHKAlaHW Cy CacTaBi TOPUBMX TacoBa Ha ONTHMATHAM  TauKama
racudpuxalimje Sykosor japsera ca 12.85% srrare, npu npirrncky o 0.1 MPa. Ca CBP -
SRS o3paweHa je onTMMaIHA racudUKalMja ca BadIyXoM Ha CTaHZAPIHOM
pedpepentrom cramsy [105], mox CBP - PV npeacraea onrusmartay racndpmkanpjy ca
BayIyXOM Npe/IrpejaHiy Ha Temnepatypy racudwikanmje [106]. Onrvvansa Tauka ce
takobe Hasusa 1 rpaduyHa Tauka yriseHnka. Ko e je mpouec racudpmkanmje onmcan
Ka0 XeMMJCKO WCTIapaBarke 1MPM KojeM ce J10/dje MAHUMATHA KOJIMYHMHA Baylyxa
notpebHa fa cap yIUeeHMK npebe v racoBuTo cramke. Y ToM oryuajy, ¥ racy ocraje
Hajeeha KonuuuHa xeMmujcke enepruje w3 opurnaanre Guomace. ¥V nopebersy ca
BPE/THOCTHMA M eKCTIEPUMEHTAITHUM pesylITaTiova 13 pagesa [98] u [101], uamepenn
cy HeouekuBaHmn cacrapi raca. Komona 1 npukasyje rac gobujer Ha caMoM TIOUeTKY
HMCINTUITHEAHA, Kalla jE' KoTao Huo Ha'[T}"'I-'I:EH mpHEDM A0 HMBOA MCTTOMN DTBO‘PE. 3a
ysobeme npumapror sasayxa (muauja A-A sa Cmmum 3.156). V osom cnyuajy koTao
HUje MOTao j1a NOCTUIHE CBOjY HoMuHa/mMy cHary. Haxkon Tora, nuso ropusa v koMopu
je momurEYT Ao BucMHe Koja omgroeapa nuHujn B-B ma Cmmm 3.156. [1oGujene
BPEIHOCTH DpUKaiaHe cy v konoHama 2-4. Kormona 3 oprosapa Hajuenthe moGijarom
cacrasy raca. OBo cy cpeiibe BPelHOCTH, 8 KaKO CY €& Meralle ¥ TOKY Y30pKoBarba
wiryerpyje Cmka 3.17.

& 570
565
560
555

550

Temnepartypa (*C)

5a5

1 3 5 7 9
Bpeme [nmnn)

Crmka 317 | TNposers sampesisckis sorerpaciga C0, CH,, 05 0 TeMneparype MsMHOr TEca TOROM Tecma 3,
(Cona peysera s pedp, [77]).

Ha moj cy npukazaHe cpeishe MMHYTHE BPETHOCTH, 0DHMjeHe Kao MPocek YeTupH
MEPEA TOKOM jJETHOT MUHYTA viopkoeama. Ha Cmim 3.17 swusuBe oy penaTHBHO
MaUle TIpOMEeHe PesyiITara TOKOM jejHe ceputje Mepersa. Mace miare u tepa, nobujene
OIMHUCAHOM I'PABIMETPHCKOM METOLOM, YKA3Y]V Ha PEIaTHUBHO BUCOKE KOIUHIMHE Tepe
y ropusoM racy. 3anpaso, Tep je Taj koju je nasao TorotHy moh racy. Komraura H,0
M Tepa y racy M3MepeHe cy 3a CBe CepHje MCITMTHBaHsa, Ma cy Ha Kpajy ceobeHe Ha
nniemmalme cacrase raca y3 IMpetTnocTapry /ia Cy TorROM CBake CE'IJH]E‘ WCITHTHRAH:A
EMUTOBAHE 1CTE KOHYMUHE Biare u Tepa. [lobujerm omroc snare i Tepa carnacas je

51




Muyanmgbymxiguonainocn xepaMuskux w Memaanuy dodanrara y kongobuma wa Guosmacy

BpeHOCTHMA HoDujeriv y paay [98] 3a koedmiptjent sinuka sasayxa 0.25. Y uctom
pajly MoKasaHo je [a KoTMdiMHa Tepa onaja ca noseharmeM KoMUYHe MpUMapHoT
sasayxa, Ca merosiy noseharmem reHepasHO pacre TEMIIEPaTYpa raca Ha ws/1asy 13
KOMOpPe.

PesyrraTit ¢y 1poBepaBaHi MPUMEHOM MaTepMjaliHOr M eleMeHTapHOr GuiaHca.
[Mpoceuno oncryname sMatepujarmor Omwanca minoowio je 8.4%, noxk cy majseha
OJICTYTIatEA ¥ OKBUPY elleMeHTapHOr DilaHca youeHa KoJi KMCEOHMEA M YITbeHMKa.
Mamak on 8 go 14% yoeeHuKa v HDPOOyKTHMAa MOXE CE OPUITMCATH ITPUCYCTEY
HeracupuKoBaHor YITLEHMKA, 0K je Markak KHCeOHWEA ¥ NPOIyETHMA Mociemiia
BUIIE Yy3POKa: FPellke Mepema Y/Ia3HOT Baslyxa M racoBMTHX ITPOJyKaTa, Kao W
MPETXOIHO HABEEHITX MOjeTHOCTARTEEA 1 OCPETH:ABA:A.

HoGujenn pesyITaTi cy CIIMHE TEOPHjCKUM BpeocTiiva koprmnhenus y pany [97],
aITM ce PavIMKYjy 10 3HATHO HIDKO] TEMITEpaTy pu raca i nosehanom cazgpxajy Tepa.
Ha to yTude u ummeHna j1a je racudpukaniona Komopa y Hajsehes ey okpykeHa
KOTIIOBCKOM BOMOM, 1HTO TOBOIIH 10 CHIUKABAHa TEMNEPATY PE raca ¥ M3IMEHE Herobor
cacrasa.

Tabena 3.5 | Jobujenun excnepuHMeHTalIHN U Pe3VITATH TeOPHjckux Mogena [77].

Tecr 1 ] 3 1 CBP-SRS CBP-FV
KoedwmmjenT simka sasgyxa & 0.28 043 034 028 0.285 0.239
co% 24 41 83 5.4 22 26.2
o % 195 147 15.7 172 103 B4
CHy % 03 1.0 11 1.3 13 13
Hy % 02 11 11 1.2 228 255
Mz % 220 155 18.2 200 5.4 46
Ny 552 62.8 58.1 545 380 M
0 % 03 0.6 05 0.4 0.0 0.0
Ha M] {k@nimmse 0.69 225 an 214 12.64 1353
Hy ca tepos MI/kghinmase 11.5 115 11.5 11.1

Maca snare kg/mJ 0.152

Maca repa kg/mizy 0122

Tesneparypa ropusor raca °C 497 618 556 570 674.5 6986
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V npeoj cepuju ucnurueama (Bugern Tabemy 3.5), Hucke BPEIHOCTH Carop/hUBHX
elleMeHara pesyirar cy TaHKor oloja racudpukosaHor ropusa 1 dpopmmparsa
kanamtha, T). yokMX nponasa vy oiojy ropusa. Y oosom cryuajy, v onposasy koju
NpeicTasba cEojeobpaiHy XuIpay/IMHKy KPaTKy Be3y 3a IMPOTOK Ba3oyxa a MOTOM 1
raca, oIBija Ce TOTOBD MNOTIVHO caropeparke. Kpos octanmm jeo mace cTpyje Marse
KOIIMYMHE Baylyxa M y3pokyjy racudmkammjy oioja ropusa. [lesonarwnizanuja
ropusa, “ija je nocaeamMia Tep, sasucn o Op3uMHe HMpersa ToroTHor duivkea ca
YCKMX 30Ha 0Kko kaHamha Ha octatak ropusa. [esonatiuimsoBa rac:

» Uwpkymmme winag ropusa y sommn racuipmxarnuje sbor wsjenHavaBamba

v

npuricka. To notepbyje u nojapa Tepa Ha IIOEMMA KOMOPE KPO3 KOje CTPYju
BOJIA.

360r pe/laTMBHO BE/IMKOT OTBOPA 3a Mporias raca u3 soHe racudukaipje y souy
caropesarsa (220x80 mmy), Tep ce mema ca gumiM racom ami 30or HesrocTaTKa
KHCEOHWKA M CMalkCiba TEeMIEPaType Taca He CTILKe da ce penykyje. Ovaj
nponec objanmkaEa MEMepeHy KoNMMYMHY Tepe v TopieoM racy. Tep racy aaje
roroTHy Mol M npencTasia padior 3Dor Kora, YIIPKOC HUCKO] TOILIOTHO]
sohin, caropesarhe raca crgapa BMIULMBH IUTaMeH.

Cmapa edrexar nyrnor miamesa npukaszad #a Cmann 3,18, [pu nyeermy mane
KOIMYWHE TOpPWEA Y KOTIY crBapa ce edieKaT Koju Ce KOpHMCTH Kofl
racudpMKanuoHMx KamiHa, Koj uomrmieane KOHCTpyKuMje oBaj edpekar je
NnokesaH W jagba ce Kaja ce ¥ KOTao CTabi KOMMYHMHA PpBa MCol HUBOA
OTBOPA 33 10801 TpUMapHor sagtyxa. Minak, ynpkoc 0soj nosnmusioj ocobu,
OBAKaR Ha9YMH Paja je HeMmoBO/bAH Ca acrnekTa yIpaBRbaka, HAPOUNTo [MpK
npsoj wapsu. Momenyi kanarmhu onemorylasajy afneksaTHo yriipag/barse 1
nocrisame nomunaise caare. [pu ucrmrmisarsy ca Hanararem 1o smuuje A-
A (supern Cruky 3.156), koTao HMje MOrao f1a ocTBapuU TEPMIMKY cHary sehy
o155 kW.

i} LH Ha pusnaiy

L Bazayw sa
wiiihEiE CTLNE

Kakian 3 ooy jaree
BA3ayEa

Cnoy ropess
D mEN Y dne §
Nipssraigrn
RIS

F1 A CamyHmapis
LR g

Comxa 318 | a) Marsei netid koja sopHcTi rackdmaygy apea, ) npaeagan paia nebio (Chosa npeyaera o

pedy [77]).
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Temmeparypa raca Ha MA1A3Y M3 KOMOPE HIfje 3HAYAJHO OCIIIOBAIIA TOKOM Mepuojia
y3opKoBarka u yriasHoM je Guna smma npu kopuimheny selie Komrause npuMapHoT
sBasayxa. Bune sasnyxa ociobaba sehy konuumpy edepruje npu  peakiujama
OKCHIALM]e IITO Pe3yiTyje MOBUIIeHOM TeMIIEpaTypoM raca. Msmeperie BpetHOCTH Cy
HIDKE Y O[IHOCY Ha ONTHMAIHY Tauky racidpukariije, yoien ToimoTHnx rybuTaka ka
BOJIM, CEKYHIAPHOM Ba3/Iy Xy 1 OKOJIMHM, M Y CKIIAJTY CY ca pesyirarima nodujeHmnm vy
pany [98]. Anomanuje ce jawbajy P Y FBEH:MMA MAOM KOJIMHUHOM JIPBETa, yies
dopuuparsa seh nomeny Ty kanamtha sa nporok raca. HomenyTn kanamihin Hecrajy
HAKOH HEKOMMKO [HAPXKM, VOIe[ VCHTHABAMA APBETa M3a3BAHOT CKVIUBAMEM i
TEPMITYKOM JIETPaiallMjoM, 0 YeMy je feTa/bHuje olmcano y pary [99].
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4 KOPUILITREHLE BATPOCTAJIHUX
EJTEMEHATA Y KOTJIOBVMIMA HA
BVIOMACY

V aucepraumjil akneHart je crasikeH Ha WTo eddHEacHUy yioorpedy KepamMuukix
(RaTpOCTANHUX) eneMeHaTa Y IOKHINTHMA KOTI0BA Ha uspeTy Duomacy. Kepamuukn
AofaLy oy 00aBe3Hy efeMeHTH KOT/IOBA €A BULIECTENeHIM 1 HAPOYHTO CAr0PeBaisem
siaskHe Guomace. Jdopanm umajy suine pyHKIMjA: cMarsyjy JMMeH3Mje 30He ¥ Kojoj ce
TOIIOTA NPHMAPHO HPEeHOCH Spadetbem (HMe ce cMatbyje MaTepujall a caMmimM THM 1
Kpajiba eHa komia), omoryhasajy notnysmje caropesatse, nobossiiasajy Tpancdep
TOIUIOTE M JOMPHHOCE CMAILEILY EMICH]a TacOBMTHX 3arabuBana (VITbeH-MOHOKCHIA,
A30THUX OKCWIAA W HENOTHYHO OKCWIMCAHNX OPTaHcKuX jefudiersa), Kao wu
rpatkacTux  Matepuja. Kepamuuku jfoflain ce mpuMersyjy Y cHcTeMuMa ca
BHILIECTETIEHMM CAropeBatsen, HapounTO [IPK Caropesathy BlaxHe Guomace Kao wro
cy [pso, apsHa cedka, Gpuxern u nenern. Houxos sapnaTtak je na o6e3bene DoBOBHO
AKTHBALIMOHE EHEPrije 3a MHWIMPare eHJOTEPMHUX M eT30TEPMHIX XeMUjCKIX
peakimja. Y 3aBMCHOCTH Ofl KOHCTPYKIIMjE KOTIA, Te peakluje ce Mory olBujaTi y
CHUCTEMMMA Ca NOKPETHUM JIoRMIITHMA (32 Duomacy sirakHocTi tpexo 30%) wim y
racidpUKaAITHOHIM KOMOpaMa (TP caropesasy pefiaTUBHO cyBe GHoMace, BITaaHOCTH
wcnog, 20%). Lhue werpaxusarsa je ga ce w3spip cucremaTiamja nocrojeling
KOHCTPYKIIMOHUX pelliekha KepaMiukux JIo7laTaka W Jla o8 [MOoHYy/le KOHKpPeTHe
NPENOPYKE 3a NPOjekTOBarbe PEIeHha Koja MCITYhapajy HAjCTPOKE 3XTeRe 3a eMucujy
sarabyjyhux marepuja, nedmmncane cranmapiom SRPS EN 303-5. Opako nocrawben
IH'e MPOMCTIYE M3 9UF-EHUIE [1a HaBeJeHW CTaHjIapy, Nponucyje BeoMa crpore
rpaHiyHe BPEIHOCTH eMUCH]E, Te j&, HAPOUNTO ¥ CIyyajy ayToMaTCKor caropesatsa
APBETa, HEONXOITHO JehMHICATI MEPILUB LW,

BarpocranHu eneMeHTH NpelcTaBbajy Martepujale Koju MOy jla u3ipike Beoma
BHCOKE TEMNEPATYPe V MPUCYCTBY KOPOIMBHUX cyrictaniy, Des nedopmarimja i
omermaparka [107]. C ofanpom 1a o ga oy kotnosn u nelin, v Kojuma snasajy smucoxe
TeMIepaType, mipabeHn O YElMKA M HeTOBMX JIerypa, HEeomnXomHa je IIpHMEeHa
BATPOCTAIHMX elleMeHaTa Kao 3amrrure, Oyyhu 1a Yenmk Ha TemnepaTypaMa H3Haj
400°C ppacriano rybu mexanmdky usperohy [108]. Osu enementn obyxsarajy
oppebere BpcTe KepaMiKke W CyNeprierypa, 1 KOpPHCTE ce Kao TepMousoiaija y
komiosuma. TMomre e noctoji jeuHcTBeHa W cTporo JedwHucana HopMa s3a
KiacudpuEaLMjy BaTPOCTAIHMX elleMeHarTa, ¥ JUTepaTypul ce KOPUCTe PasinuuTi
KPITEPHjVMI 38 FHUXOBY KaTeropusatiy.
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ITpema cTereHy BATPOCTANMHOCTH KOja MPEICTaRba jelHO 0] K/BY UHIX CBOjCTaBa OBIX
MaTepHjasia, MOTY Ce I3IBOjWTH Tpu ocHosHe rpyre [109,110]:

#» Barpocranam matepitjarm ca saTpoctanHomhy on 1580-1770 °C.
»  BucokospenHu BaTpocTa/IHK MaTe pHjasi ca sarpoctarHomhy o 1770-2000 °C.
» Creuujainy BaTPOCTAIIHM MaTepujaiau ca saTpocraiHomhy sehiom on 2000 °C.

Y Tabenm 41 npusazana je kiacudpmraumja saTpocTanHUX Marepujaia npema
HIXOBOM  XeMUjCKOM  cacTasy |1(]9,11I]]. Ha ochosy Te mnojene, BaTpocTaitHu
MaTepHjaTi Ce CBPCTaBajy ¥ TP FPYTIE: OKCIHIHE, HEOKCHIIHE 1T KOMMo3nTHe, OKCHTHT
BaTPOCTA/THK MaTepHjani ce Jake [lefle Ha: Kicene, Dasne ¢ HeyTpanHe. [nasHa
KOMIIOHEHTa KHUCEITUX BaTPOCTATHUX MATepMjalia jecTe cuimmupjymM-auoxcun 5 0;.
Kama je ped o GasHuM BaTpoCTaliHiM MaTepujaiumMa, OCHOBHE KOMIIOHEHTE CY
marsesujym-okci, M, 0, xammmjym-orcun €,0 v ponomur C,0 - M,0. M sa kpajy,
MlasHe KOMIOHEHTE HEYTPAIHMX BATPOCTANMHMX Martepujasa cy anymuua Al 04,
xpom-okcu C,, 0, 1 unprommja Z,0,.

Tabena 4.1 | Knacudukaunja naTpocTaniux MaTepujala Ha 0CHOBY ILHXOBOT XEMUJCKOT
U amuHepanomxor cacrasa [109,110],

Bpcma mponssoiaa o XeMujcRn cacTas

50, Crnmnkarion
-KBAPLIHO CTAKAD >99% 50

~CHIIMKA ONCKA CA BEVHBHIM
cpepcrrom Cal) >93% 5,04
{rpwmssrTkpucrobammaa)

=CHUIMEA ONERd Ca PavTAYHTHM
BEIRH M CPEICTRIIMA 11 Jl0aatima > B0% §;0,
(rpsymsrrkpucrobamraa)

Oxcitnn Zr, Ir0y — 5i0y LupKoH-clmkaTHY
BATPOCTAITHI
e Zriy — Cal Lppronmjymckn
AljOy = Zr0, — Si0; Ay MHHATHO-IIMPEOHCEO-C HITHEATHI
510, AJTYMOCFUTMEATHI, DOV KUCETH 1

- Al 0y KHCRTTH:

-V KHCRITA 118K >28% Al 04
~HHCKOMY/IHTHA 65-85'% Si0,
-IIAMOTHA-CPEIHEMYTHTHA 28-45% Al 04
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“MVIMTHOCKHIIMEATHA 45-62% Al 05
“MYITATHA 62-72% Al 04
“MYIHTHOKOPYHIHA 72-50% Al 0y
Als0y ATYMHHATHIE
“MYIHTHOKOPYHIHA 72-50% Al 04
~KOPYHIIHA >90% Al 0,
Cryly XposurHn
: C’;-{; . Kariperim
Mg0O Marseasrramn:
-MATHEIHTHA OfeRa >90% Mg
s e P 0 g0
"_f%g 0 Mare T HO-10OME T
-MAFHE T T-IIOIOMITHI > 50-85% Mg0, 10-45% Cald
=LA HOMTTHIL >35-50% Mg0, 45-85"% Ca0
= OIOMHTHO-CTADHIININPA HY > 35-75% Mg0, 15-40% Ca0
KAV A-ORC L Cal: 504 =2, > 85% Ca0
Mgt
=y MarHesnT-CrMHE THI
- Al 0y

-MAFHETHT-XPOMITHI

=X PO -MATHEIFTHI

“XPOMWTHIL

=ITE PR IAC-CITIHETH

~CHHMHEIHKN

>60% Mg, 5-20% Cry0y
40-60% Mg0, 15-35% Cryty
<d40% Mg, >30% Cra04

50-85% Mg0, < 25% Al.O,,
5-20% Cry 0,

25-40% M g0, 55-70% Cr04
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Mg

“XPOM -ORCHITHI

>30% Crals

— 5io, MarHeasrTHO-CHITMKaTHI;
- pURIac-hopCTEpPHTHIE 65-80% M g0, < 10% Si0,
-thopcrepiTam 50-65% M g0, 25-35'% 5i0,
45-60% M g0, 20-30% 510,
-thopcrepur-xpomuTsn 515% Cry0,
C Y rbeH M
-BHCOKOVTIREHMUH I >08% €
“CPEHE- VTR HI UM >85% €
Y TIREH T HM 8-E2% C
SiC Crunmgpjyse-gapbugmns
Heokcn g )
BaTPOCTaIIIL “CHTMLI Y M=-Kap O > 90% SiC
maTepujan (pexprcmiinaoBanm)
~CHUTMIM]y M-KapDemm ca > 0% Sie
PAITTTITIHM BE3HBHMa
~CuImLMyM-Kap O 20-70% Sil
SiC=C Crnpupjysrapbuao-rpadirmsm
Sic 4
" Crutnimjy MEapOMILHO-HIU TP IR
— Si3N,
Alylly — € AnysitHATHO- ¥ ITheHHHN
Mg0O —C  MarHesrrHo-yribeHUHN

KomroaumHu

BATPOCTATHN 4y 0
MATEPHLITH — Sif,
— € =35I

$i0, — Al04 — SiC

510, — Aly0, — € — SiC

KJlalTWlt)HKﬂl-lHia BATPOCTATHUX Ma'l\epuiaﬂa MOAKE CE MBBPUINTH 1 Ha OCHOBY HeMXOBOT
0dIIMKa, HAYMHA [POMIBOILE W HAMEHE ¥ TexHomomKuM npotecuma [108]. Ha Crimum
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4.1 par je memaTcku NpuKa3 Kiackudukalmje BaTPOCTATHMX MaTepujaia npema
mUxoBoM 00Ky Ha ocHosy moMeryTe civke, f1ene ce Ha:

# OBmKoBaHe BATPOCTATHE ENIEMEHTE ([TO3HATE KA0 BATPOCTAITHE OTEKE).
» Heofumikosane WiH MOHOIHTHE BATPOCTAITHE @IeMeHTe (HIP. BATPOCTANHN

DeToH).
Barpocransia
ENEMEHTH
OfAnKoBaHK HeobAMHOBAHE MK MOHOMRTHE
BATPOCTANIHK ENEMEHTH BATPOCTANMK ENEMEHTH

o .(npuuet CYBOT MPECOBaka (NPOMIBoAma oneks

NPECOBILEM NPIUIGICTON MATERHEN ¥ Kanymy)

BarpocTtanim
ManTepn }

| TPAAMLAOHANGH HAYNH PYHHEe wapage i
\ CONMKOBIHMK BATPOCTARHMME MATEDMj N

Batpocranme N\ 4
Hafiojie mace i

! YHanpe | AMBesm BaTPOCTANNN ENEMEHTH
fesess il [(WHANPED NPANPEMBEHK TABEHK EREMEHTH, HOjW C8

CylIE M TEpMAYKH TpeTHpajy)

Batpoctande - t
NNALTHYHE MaCe 1

i :
E“ = d:y:m)l-lo AWBEHA BATROCTANHE 2NEMEHTH ) '

(nobBujein ronmesem i Gpium nahewem)
BaTpocTanki matepsjan y obnuky
TEYHE KK NONYTEYHE Mace
y Bakyymowo of nHiosake
BATPOCTANHWN MaTEpHjana

Crmra 41 | Kiacudiocalimia srrpocta i Matepujaia Hpema Hixoson oy i HauMHY (pouesose
(Cravnxca nipeysera v pedp, [108]).
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Ha Cmini 4.1 para je nogena obrmikoBaHiX BATPOCTAIHIX ElIeMEHATA TTPeMa HaTMHY
npowsso/ee. OHn ce wapabyjy v crannapanum u ciiendpuaanM oGmaimMa oneka, y
ckiaaiy ca muxosoMm Hamedos [107]. YV Tabenn 4.2 npukasann cy Hajuembe
xkopumhery 0B BATPOCTATHIIX OTIEKA ¥ 1hIXoBe KapakTtepnucrike. [eomerpujckn
obimik ce Bupa npema 3axTerMa KOPHUCHHUKE M KOHCTPYKOUji koTna wm nelim [108].

TaGena 4.2 | Hajuewhe xopumbenn obmnum sarpoctannnx onexa [111,112].

OBk saTpocTanie onexe Onne

CraniapaHa pasoyraoHa oiieka ca pasiim
MBHLAMA MTPEICTARLA HAJje/HOCTABHM]H K
Hajsemhe KopinheHi THID OGMMKORAHIT
sarpocTanHix oneka. Crangapise jmesoje
omx orexa oy 22091 14x64 mm, 229x1 14x76 mm
Wy dak mo 457229114 mm (ryEsna,
BUCHHA, MpuHAa T). fgebmuna) [111].

Tarea npapoyracHa OreKa WMa MCTY JLyAMHY 1
HHCMHY K20 CTAHJAPIHA TPaBoyIaoHa
BATPOCTATHA OIEKA, AJTH H Mary J[G{'HI-M-H}"-
Tepamn rama” ce KOPUCTH 38 OITHCHBAE
nefisune onese Maree o 64 mm, a obmano ce
npowssoie v aetisunaMa on: 25 mm, 32 mm, 38
rum w30 mm [111].

Oea cnerpichirig sapujanma onexe Ma HeTy
[EGLIHY Kao CTAHTAPAHE TPaBoYTaaH
BATPOCTATHE CIIEKE AT Matsy BICHHY, W kpahe
cy. M oBa orreka ce y HEKMM ciTyyajenima
HAAMRA TaHsa NpasiyTaoHa Oreka criejeling
nseraja: 114x114x64 om v 229557 %64 mm
[111}.

Onexa KiHacTor 0Dk MpeicTanba
cretdEy BAPHjANTY BATPOCTATIME ONEKE €A
IAROUEHMM HBHLAMA, HecTo maa vy jenuy a
WPy ApYTY CcrpaHy, wim obpario, cnenefing
ppntersiga: 229x76x(114-76) mm [112].

3aKoleHa ONeka MPelcTanba CelndniHo
OfUIHEOBAHY BATPOCTANHY ONERY Koja HMa jeiHy
CTPaNY KOCO CeHeny (Hasafy, T nosaam),
QIHOCHO MATHYTY D0/ Onpeberiy yriom

o no marsim o 957 y ooy Ha pomsy
ocHony ), crenelnx msvensiga; (114-70)x22976
mim [112].
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Oba BpCTa DIeke HMa SaKOIIeIe Koje C8 Hanamt
#a kpaho] crpaHML BATPOCTAIHE OICKE, 10K j&
[OH:A MOBPIIMHA NOTHYHO pasHa. [Jiernge;
2095 76114 mm [112],

Osa cnempdiiuHa BAapRAHTA ONEKe UM
!BKFIEII!IIJ.‘]:N.' Ha RO KF.EFI.":\I l’.FlEi}", M BEHA
[eGLITD BAPUPA [1YA WMPHHE BATPOCTAITHE
onexe.

Opa BpCTa BEaTPOCTANIHE ONEKE MM 33 KOILEHE
o v pren. Hhere mmaen e oy 229x1 1476~
70) mm [112].

Ona crienpdpiriHa BapUjanTa BATPOCTAIIHE
OIEKE MAMA CYRCHE HA JeliHOM Kpajy 1o
HYAEMHW, TPY YemMy Ta) kpaj nobuvja Tadak 1
MNULACT ODIMEK, CIHYaH BPXY nepa.

Oua crienpdirana sapujanTa onexe uua
CYALILE HA jenom kpajy no suciins. Hbene
manerrge cy: 229%114x76x3 mm [112],
Mocnenma uMeHja o8 OHOC Ha BRCHHY
NECHE CTPAHE BaTPOCTRIHE ONeRe.

Ora BPpCTa BAaTPOCTAMHE OTIEKE MOCTENTEHD o
CYHARA 110 LIMPHHA, QJIHOCHD BouHo, Y&

I TARE L"F.I.lJiL‘ Oy AHe. To saun JACY WM fese 1
HeChe CTPAE JRMUCHE, TaKO 14 BATPOCTA I
OHEKE MMa KIWHACTH ODNMKE KAlE 08 Nocs ATpa
QIoang.

YR LAUX
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19200

o jeana spora KnmHacTo ofIMEOBAHE
BATPOCTATHE (NEKE KOJa MM JK0IIEH:A 110
HIHPRHT, Tj. BosHIM cTpasaMa, crefehi
msmeszja; 2291 14x(76-50) mm [112].

Opa cnetmd i HA BaPUjaHTA BATPOCTAIIHE
OIEKE MM JAKOLEHY HBMILY M MBI, Kope
HMCY 101 pasis vrsos, seli oy Gmaro narmyre,

Opa cnenpipiuHa gapujaHTa BATPOCTAIHE
OHEKe MMa jeltHy Win Bie Jaobbennx uana,
cregeling puserniga: 229x114x76 mm [112],

Il.!LIl il:','l.l!a'l HPCTA KIHHACTO l'lﬁltlln.ul!.ﬂt-ll!
BATPOCTATHE ONEKe Ca BHLIE KOCHX CTPaHa,

KpyaxHo o0mMKoBAHA BATPOCTAITHG OIEKS Ca
DOUHMM CTPAHAMA M0J1 YITIOM.

Oma coetprchuuHa papujadTa BATPOCTAN HE
orexe uva noay U obmak. To snaun pa onexa
pmMa yayreerse y ofiiky cioesa ,U",
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Barpocrante oneke 3a obnaramke Mory OWTH AH3ajHUpaHe V PavTMTMTIM oDIMIIIMa,
anu je npu npojeKTosarky obIMKa orneka 3a KOHKpeTHY obIIory HeomxoqHo Y3eTH ¥
obsup crnenelie acnexre [108]:

-

v

Veex je nomesso onabpati cranfapiusosaHe oDiTMKe oreka, Kao I0To cy
NpaBoyraoHe WwiM KIMHaCcTe Oreke, ]EFI CY JIako JOOCTYIIHE, €KOHOMWYHE M
JLOKA3aHO MOY3IAHEe Y NpaKc,

AKO je KOHCTpYKLMja KoTa vin nehn croxeHnja 1 3axTesa ynorpedy oneka
crienpdpimax obmika, Taker 0BT ce ceakako Mory npusennTi. Meby i,
VBEK je nokersHo fa ce npu obnaramsy G110 Kor Tina Kotna wiv nelin kopucera
WTo Maru Opoj pamauTIX 0D/INKa OIeKa.

ITo cy mimenzuje oneke Belie, To je Mabn yKynaH Gpoj cniojesa v oGmoan, mro
j& ca KOHCTPYKTHBHOT acriekTa 4ecto noxessHo, Minak, sehe oneke cy cnonmje
nojasin sehinx  Tepwakix  manona  3bor npucycrsa  TeMmepaTyprvx
rpanmjerara. 36or Tora ce Hajuemhe Gupa orrmaManHa AMMeHsHja ONeERe, Koja
MpeicTaBka KOMIOpoMuce MiMeby cMamera Dpoja crnojea u obeabebipama
repmutke crabiiHocr . OcuM Tora, NPousBo/Hsa BeMX OIIeKa MCTUX CBOJCTaBa
Kao KO/ MakMX SHaTHO iE EJtl'!}Nt‘.'HHia M TEXHOTOIITEMA SBI'T‘EBHH:'FEI.

OGmn BATPOCTAIHIX OIIEKa KOje Ce KOPHMCTE 3aBICE O] Te0MeTPH]e KOT/a 11

nehn.

Kputepujymu sa m3bop satpoctainmx esemenara sasuce o [108]:

-
~

v

v

Camor nponeca koju he ce onsujati v koray wim refin, 3aTiM o1 XeMujckmx
peakiija, Kao 1 011 husmHKmx napaMerapa (HITp, TEMIEpaTY pe, TPUTHCKa ) Koje
je noTpebHO OOpKaBaTH.

Koncerpykiuje 1 Tina kotia win nehiy, jep ce pasuime spere BATPOCTATHIX
eJIEMEHATA KDje C& KopucTe 33 ol/iarame pasiimkyjy 1o HaYiHY NOCTaRbarbka,
Bpcre ropusa koje ce KOpWUCTH, NpM HEMy CV NPOOYETH Caropesarsa 1
KapaKTepHCTHRE [ferena MocedHO BakHM (PakTOpM KOI 4BPCTOr TOPHEBA.
Takobe, HeomxomHO je y3leTu y o0b3up MoryiHOCT peakmuje Tpomykara
CAropesarba 1 Iele1a ca BaTpoCTATHIM E1eMEHTOM P PajHO] TeMITepaTypiL.
Pexava pana kora wmr nebn, Ty ce npe cpera mucm ma 10 a7 je pan,
KOHTHHYWMPaH WIH Opesniain,. Yuectamm musiayon sarpesama v xabersa
HaMEh}’ FAXTEBE 30 BUCOKOM E‘J'I'HO].'I'HHII.II'I}" Ha TEPMOILIOK,

Armocdepe v xoray rmm nehin. Ona npesicrasrea saxan daxrop, 6e3 obamnpa
Ia M je OKCHMIAuMOHa, PEeIVELHOHA WM DPOMEHLHBa jep HHUCY CBN
BATPOCTATHH elIeMeHTH CTaDIIIHK ¥ YOIOBHMMA OKCIIALINje VTN PefIyKIje.
ArperaTHor cratka Marepuje Koja ce Tperupa y komry wm nehun. Oua
npencrasba Takobe paxan dpakrop, jep y ciyuajy Tpervparka u4BpCTOr
MaTepujata goiasu 1o abpasuje BATPOCTAIHIX e/IeMeHaTa KOjH c8 KOPUCTe 3a
obnarame. C gpyre crpaHde ako cy peakTalTi TEMHN, KOPO3ja MOKe UrpaTi
AOMHHAHTHY VII0TY v omrreliesy BATPOCTAIHIX e/IEMEHATA.

OxonHux yoiosa (MomnyT TeMiepaType, BIaXKHOCTH W) jep T dakropu
YTU4Y Ha IPEHoc TOIVIOTE ca mospLIiHe KoTia wi nehi.

Temmneparype omsate xotma wim nehn, koja npercraska saxkan dakrop npn
omabupy BpcTe TepMon3onaiije koja he ce kopuomimis 1 nebisMHe KOMITO3NTHE
obiore.
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» Bernuuuze NMpocTopa ¥ YKYTIHE KO/TMUYMHE BAaTPOCTA/THOT MaTepujana koja he
Guru yrpabena.
# Tlonoxaja mecta yrpajte.

V nactasky cy pare npeasoctu yrnorpede ofiIMKOBAHUX BATPOCTAlTHUX elleMeHaTa
[108]):

F OOmmkosaHu  BATPOCTANHKM  elneMeHTH o0DuudHo wmajy  selly rycruny n
TEPMUHEN Cy cTADWIHU]M jep cy TOKOM ITPOM3IBOJIH-E TPETUPAHW Ha BHCOKUM
TeMIepaTypama.

# Tlocrambame 00VMKOBAHMX BATPOCTAIHNX eeMeHaTa 3axTesa BUIIEe BpeMeHa
34 BeHY YIpadky, alld M Mate BpeMeHa 3a HPE’IXB}],HD Jarpeparbhe.

Hepocranm kopmnhersa ofmikoBaH X BATPOCTATHUX enemenaTa [108]:

r Y cnyuajy criosene reomerpuje komia wi nieling, peonxoaHo je obesbemiri
BEITMKY 3A/TMXY PasHOMMKNX 00IMKa BATPOCTATHIX ONeKa.

F [locraskare obmore o 0DITHEOBAHITX BATPOCTAITHHX elleMeHaTa 3axTesa Ble
pa/iHe aHraXOBAHOCTH M [IPECTARkA MIA30B 32 ayTOMaTH3ALM)y [poleca
vrpame.

F Coojesnr v obrnosi o o0/MKoBaHIX BATPOCTAITHNX elleMeHaTa rnpeacrasbajy
OCeTILMBE Tauke KPOS Koje NPoIMpy racosi [ITO MOKE [0BECTH [10 Koposuje
oMoTada Koria wim et

» ObmmKopanM BATPOCTATHN ENIEMEHTH €€ He MOTY KOPMCTHTH 3a TIOMpaBky
ucTpomene obnore kKorna wot nehn v spyhem cramy. [pso je neonxommo
nornyHoe xabeme kotia wn neln, satum yknamane uerpomere obnore 1 Ha
Kpajy NOCTAR/barLE HOBMX BATPOCTA/IHWX efleMeHaTa.

3a nobujame noysgane obrore notpebio je nomwrosati onpebexa ocHoBHA npasa
[108]:

» Barpocraire oneke Mopajy ce NoCTaB/bkaTi BOLOPAaBHO, OCUM Y CIyYajy Kamga
ImsajH obiore saxTesa Apy radujy nocrasgy.

» [Iumensuje KOHCTPYKUMje 13 NPOJEKTHOT LPTeAa MOPajy e [OIITosaTH y3
yBakKaBaibe JIO3BOVBEHMX [VMMeH3MjcKnx Tonepaunmja. Ilpsu coj Tpeba
MOCTaBUTH © NoceDHOM MaKHOM, HAKOH Yera ce, 1o MpoBepH JTMMeHsMja 1
NnopasHara, MOXe HacTaBuTH Jlalka U3rpajirea.

» Cnojesn mameby onmexa mopajy G1Th HMcnyrseHy MPoNMcaHmy MaTepHjamoM, a
pebsvma ciojesa He ove Sumi seha o 2 mm.

» Axo 3Dor TonepaHUMje JMMEH3M]A Oleke HHje Moryhe OfpKaTH IIPOITHCAHY
nebibiny croja, norpebHo je ouyurTi fa an he ce oueryimMTi ofl HponucaHe
JedrbiHe I MIBPIIMTYA COPTHParse BaTPOCTATHIX OIeKa.

»  Ago uwermmuHy wmn Komia wm nehn nuje papan, nocTaBLamke onexa Mopa G
npirtaroberio oGMHUKY 317, IO YOTOBOM /1a AedhopMaliija Hifje ITpeBeTiKa.

# Beh nocrammsede oneke MOry ce NOpasHATH Y BOJAOPABHOM [PaBLy w1 y
HNPpaBy BEPTHKATHOr CTIOja,

# Hempaswnio NocTawbeHe BATPOCTATHE OTIEKEe MOPajy C¢ YKIOHWTH, OYHCTHTH
W MOHOBO MOCTABITH Y3 yNIOTpedy cBeXe MPUNpesbeHor MarnTepa.

# BarpocranHe oneke ca NyKoTUHaMa Mory e KOpUCTUTH CaMo VKOIMKO Y

NYKOTHHE HEZHATHE WIIK C& Hallase Ha 3a/lHb0] CTPaHu ONEKe,
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Ocun oDIMKOBAHMX BAaTPOCTAHMUX eJleMeHaTa [MOCToje WM HeoDITMEOBAHM 1K
MOHOJIMTHY BaTPOCTATHM elemMerTi. 3a pasnuiy ojl ofiTMKoBaHMX BaTPOCTATHMX
elleMeHaTa Koju ce yHaupen obmukyjy u tepmudxkm obpabyjy, neobnukosann
BATPOCTAITHH &TEMEHTH ce ofIMEY]Y M MKy TEPMIHMKC] 00paTi TeK Ha CAMOM MECTY
yrpazse. CHE Ce cacToje 071 jelTHe FITi BIILIe BATPOCTATHIX KOMIIOHeHATa, ca wm Dea
MO7IATOr BE3MBA, a OJUTHKY]Y ce saTpocTanHomhy sehowm op 1500°C [110]. Xemujekn
CACTaB CHPOBMHA KOje C8 KOPHCTE 3 [TPOMSBOIHY HeoDINKOBAHNX Tj. MOHOIHTHIX
eneMeHaTa ucTH je Kao 1 Kol ob/IMKoBAHNX, 1M KpUTepHjyM KiacudmKatije osmx
MPOMIBOIA HUje XeMUjCKH CacTaB Mini HauMH npouisomise Beli, Kao mrmo ce Moxe
pupern ca Cimxe 4.1, #avmn npumene. Topen Tora, HeoDIMEOBAHU BATPOCTATIHN
eneMeHTH ce Mory Kiacuduxosati npema [110]: xemujcko-MuHe panomkoj npupoam
HajBMIIe 3acTyIUReHe KowmroHeHTe (Bumern Tabeny 4.1) w mpupomn  sese
(BaTpOCTaNHU eIeMEHTH €A KePaMIUKOM, XMAPay TMYHOM, XeMUJCKOM M OPraHCcKoM
sesom). BarpocrarHu GeTOHM Cy KOMITO3WTHN MaTepujaii, ¢a saTpoctTaiaHouiliy
21850 °C, Koju ce cacToje oI BaTPOCTAIHOI arperata (IONyT HaMoTa, KOPYHIa 1
GOKCUTA), BEIUBHOI CPECTBA (XEMUWCKOT WITW XMIPAyIIMHOT) W pPaviqeuTHX
nopartaka, u ybpajajy ce v rpyny MOHOJIMTHHMX BATPOCTAUTHMX enemeHara [109,110].
Faspoj TexHosoruje u Texra Ka DpXoj, jefHOCTaBHWjO] 1 eduKacHUjoO] yrpamebsn
BaTpocTatmx obIoTra JoBeTH Cy 10 Tora aa yroTpeda HeoDMKOBAMNX BATPOCTAINIX
Martepujarta pobGuja cse sehn svavaj, npeacrammajyhn osbweny arrepraaTisy
TPagMIOHATHIM O0THIIMMA BATPOCTATHUX e/IEMEHATA.

Y 3apnchiocTi o, CTENEHA NOPO3HOCTH, BATPOCTAII ENeMeHTH ce KIacudmkyjy 1a
cnenehu Hauma [109]:

» Beowma rycru ca mpuBmmHoM nopo3Homhy Marson o 3%.

Jako rycrin ca npusraHos nopossomhy o 3-10%.

Tycru ca npuswiHoM noposaomhy on 10-16%,

Hopmasmio rycru ca npusnmnom noposnowmwhy ox 16-20%.

Cpeitibe noposau ca npusiiaHom noposiouthy o 20-30%.

INopoarm ca npuemaHoM nopossowmhy sehion o 30%.

TIaky TepMOM3OTIALIMOHN MaTepujati ca yKy iHoM nioposHoiihy o 45-85%.
Yirpa naku TepMOM3OIAITMOHK MaTePHjaK ca YKYITHOM roposHomly sehom
o 85%.

Y Y YYYYY

4.1. CFD MOIEITMPAGE ITPEJIOKEHE
KOHCTPYKLIMJE KOMOPE 3A CAT'OPEBALGE
TACUDPUKALIMOHOI KOTJTA HA [IPBA CA
BATPOCTAJIHOM KEPAMUKOM

uMEpuH]'aan aocTyiHY codrreepekn naker Ansys 18.1 [88] i meros MHTErpHCaHN
mojyit Fluent [113] kopuinherin cy 3a HymMepudky cuMyJiatujy caropesarsa ropusor
raca yHyTap KOMOpe 3a caropesarse Ha ocHosy fedmHucane reomerpuje, hopmupate
Mpexe o rpammuHmnx yonosa, [Ipw vmpagn monena caropesarsa Des npemxopHor
Memarsa (T3e. Non-premixed momen, sunern Crmky 4.2) xopumliena je emeprercka
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jeHaMIMHA, 3aTHM je YCBOjeH HajjeTHocTapHuju 1 Hajuemhe kopumhenn k — £ mopen
Typbynentuje, kao u DO monen spadversa. Osaj Momen JuckpeTHux npasaua (1j.
OpAMHATA) 3paversba je Moroian u HecTo MPernopyYeH Koji caropesarba Kajia ce Tpasxn
BIICOKA TaMHOCT pe3yirrara [114].

Comixa 4.2 | Monen caropesatsa Bes npeTsoHor Merinsa.

Cumyiatija je ucryHWa NocTasseH KpUTepHjyM kKoHseprexuuje (< 1x10-) maio
npe 10500-re wrepamje 3a speMenckn nepuon o ommpwmke 20 muHyTa
Cumy nmamja je vpabena na DESKTOP-LOD4AMGD pauynapy ca AMD 6-jesraprim u
12-pumrim Ryzen 5 7500F @3.70 GHz nponecopom, 64 GB RAM guopuje n
rpadpuukom kapTuuom cepuje AMD Radeon RX 7800 XT, Toxkom pana cumysiaiije
Buio je anraxosaHo npoceuro 24 GB RAM memopuje i 100% ganaumrera npouecopa.

411. OITMC rEOMETPUJE IMPEJTOXKEHE
KOHCTPYKLIMVJE KOMOPE 3A CATOPEBAE
FACHMDOUKALIMOHOI KOT/TA HA [IPBA CA
BATPOCTAJTHOM KEPAMMKOM

IMpouenypa dopumparsa 30 Momena cacToji ce M3 IBa Kopaka Kao mTo je el onucano
y nomaesy 3.1.1.1. Ha Cmuop 4.3 npukasax je jeqHocrasas 3D mMonen npemiokeHe
KOHCTPYKIMje KoMope 3a caropesatbe ciefelnx aumensija: 900x303x303  mmn
(myaxuma, sucua, mpuna). Oxo KOMOpE 3a caropesarse HANaIn ¢ KOTIIOBCKI [TMM
o uermka gebmune 5 mm. Yuyrap KoMope ay# Lene meHe ImMpuHe Halaid ce
BATPOCTANTHA Kepamuka misenHarja 300x50 mm (myxuna, eicuHa). [osmima 3 Ha
Cium 4.3 npukasyje sarpocTaliHy kepamuky, musensuja: 300x50x313 mm, koja
ofiBaja racidprKaoHy 0 KOMOPe 3a caropesatbe.
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.t::l

o

Crmrica 4.3 | 30 sioyiest e omEre KOMCTEYRLVE KOMOPE 33 CANOPesa He TacHmal oHor Ko v apsa. 1 -
VA3 TOPHBOT 8, 2 - Vil CeKYHIAPHOT Bas/IyXa 33 CAropesa e, 3 - RaTPOCTa HA KEPAMMKA KOja nuIsaja
TACHGPMBALTHOHY (/L KOMOPE T caropenaibe, 4 - KoMOpa 5a caropenarke, 5 - BaTPOcTaiHA Kepanika yHyTap
REMLTEN 10 CATTRN T, i — 1EATER [IHMMOT TACE, 7 — ROTTORCKI JTHM 1 HeIMKa,

Comadd | 3D verysa reoverpige drryiesa (obeesesa senenons Bojos).

Haxkon dopumparsa 3D monena cnenm dopayuparse 3D wcyae reometpnje doryina,
mro je u npukazano Ha Gy 4.4, Hakon npunpeme reometpuje, 3D momen ce
npootehyje y Moy 3a reHepuca e MpeKe.
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412, TIOIALIM O MPEXMU

Ha G 4.5 npuka3sana je dpopumpana §oiiHa Mpeska y BUIY TIONPeMHOT Hpeceka
KOMOPE 33 Caropesathe,

Crnka 45 | Popsupana dhvHa Mpesa — IOMPEsiN [IPeCER KOMOPE 53 CArupeBaihe

Mpesa ce cactoju on 22180 wsoposa u 107020 enemenara. MunumarmHa oy#uHa
cTpanmiie enemenara je 0.518 mm, nox MakcymdHa 1ykmHa ninocu 20 mm. Keanirer
mMpexke je sagososbasajyhn ¢ obsupom fla €y npocedHe BPeIHOCTH KBallMTeTa
eleMeHaTa, OHOm mayxuHe M BUCHHE hemje, OPTOrOHANHOL KBAJIMTETA WM
ucKpuBbeHocTH fenuja v rpamiaMa no3asosseHOT 1 inHoce penos 0.739, 1.845, (1,648
1 0.351 [115]. Hakon kpeuparsa u Banujalyje, Mpexa ce ekcllopTyje u yuurasa y
moztyi Fluent, roe ce nedpunmny rpanimann venosn u nokpelie cumynamija.

413. TPAHWYHUW YCI1IOBM

1
Ha Crinwm 4.6 npukasany ¢y rpasmnasy yoiosm obnacru duiynma. Ynas y komopy sa
caropesarse NPEICTaBiba FOPHUBI rac €a FpaHmioM Tima ,inlet”, npu vemy je nporok
FOPUEOT raca jedpMHUCcaH Kao MaceH| TPOTOK FOPUBOT Taca PaBHOMEPHO PacionerseH
no nonmpeuHom npecexy. Ocam nokatuja medmHMIy ynas ceKyHIapHOT Bayiyxa y
KOMOPY 3a Caropesarse ca rpaHuiiom Tuma ,inlet”, npu uemy je npoTok cexyHiapHor
Ba3jIyxa 3a caropesarse Takobe nedpuHmcal Kao MaceHy IPOTOK Ba3/ly Xa paBHOMEPHO
pacnonesen no nonpedHoM npecexy. Manas AaumBofaca 13 KOMOPE 3a caropesarse
nedurican je rpaHmtom Tuna ,outlet”, npu wemy je rpasuia oipebena niBopom
onmje , static pressure” u nedprnmcarem penaTieHor npuTieka on 0 Pa. Cee ocrane
nospuMEe jeduHmrcate oy rpaduuom , wall”,
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P 150 rriem
TPk L‘lﬂ'l. Indet

; (ropwne rac

- Marepmjan: DQusiae rac

- PedyeperTii npumicas: 1 atm

- MpanwTigaja; HOpMaAHE v FparwaHe yonoee (= -0.8] mef-2) —

Typiynesman smogen: u-Epxilon
- Moaen caropesassa: Non-Fremiced Combustion

T pamsivi yonon: inlat
= (mangyx 38 COrOpEaFeE)

Fa 30

Ay Ot dmyngs Barpocranda hepamima
{MopyHaym B0}
T e YOADE:
Dhithet
e Tt
—_—

QeTamy rpatnusos yeaooa infet (Topwen rck

Hywwnra; 180 mm ; Wiepana; 30 mm LWsspiaria: 304 mm ; Bracwsaa: 100 mm
« Macess APATON (MOPMENRN § OAHOCY Wi FPEHWYHK yenos) « Cramusais NpUTHESH
- Typbyneruse: Cpegie (Hareaurer = 5%) - PRAATHRHW NpATHcay t o {]-Paj
Derams rmareospr yonona inlet (Baagy i caropesnee):

Mpesnns: 12 mm
- bpoj oteopa: 8

Macarm npoTon (HopManis ¥ oEHOCY Ha rpaHKYHW yoaoo)
- Typliynenisje: Cpegie (Huteinrer = 5%)

Crmmxa 456 | [Mperwas CFD monena kosope 3a caropesa e yiey uyjvie v gerarse o Moy ¥ rpaHidaHm
YOI,

MumimmanHo norpebHa KomHiHA KMCEOHWEA NoTpedHa 3a MOTNYHO caropeBarke Koja
M3HOCH Oy min = 0.926 my; /kGpiomase onpebeHa je Ha OCHOBY TNO3HATOr CacTaBa
Buomace naror y Tabenu 3.2 i anenehe dopmyne [3]:

(1 X S 1.87-C 4 5.6 H—E +0.7-§ (4.1)
Zmin =100 ( 8

npu vemy ¢y €, H, 0 n § Macenn yjiem yribeHHKa, BOJIOHNKS, KUCEDHUEKA M CyMIlopa
y OGmomacn, Mummvanno norpebna KonmamHa Bayiyxa 3a NOTHYHO caropesarbe
MIHOCH Ly min = 441 M, auna/ KGpiomase W Onipebena je na ocnosy [3]:

Oy min
i Ll 4.2)
LF.I"[“ D.Zl

rpu weny 021 mpeacransa armpeMuHCKH Y80 KHCEDHUKA Y BA3IVXY.

Xemujcku Mojiest Guomace y ormresm cydajy macu [3]:
EHxHGanx“,Sxx + a- Hzﬂ + b - 5;02

[PU HEMY NPBH WIAH NPeIcTan/ba OPraHcky Macy, opyriu siary, a tpehin mmnepaiie
marepuje v duomacn. Koedunnjertu koju o3xauasajy Dpojese aToMa BOIOHMKAE,
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KIfCEOHWKa, a3oTa M cymMmopa wiHoce Xy = 1.39, X, = 0.68, X, = 0.0026 n X;=
0.00034 v wpauyHaTH CY Ha OCHOBY Nporopiwje Aate y Bty ciejehie dopmyne [3]:

(%) 12

= 4.3
T C(%) - A, )

npu yemy i(%) oznauasa macere yrene enemenara M, 0, N u §. bpoj 12 npeacrasisa
aTOMCKY Macy yobeHuka, C(%) o3HavaBa MaceHM yjleo yIibeHuKa y Guomack m 4,
Nnpe/IcTan/ba aTOMCKe Mace efleMeHaTa Koje manoce Ay =1, Ay =16, Ay = 14 n dg =
32. Crexmomerpujckn KoeduiijedT! a 1 b y Hammem Moagny GHoMace npencTasbajy
Gpoj kmol-oBa Bnare v MUHEPATHUX MaTepHja, a onpebyjy ce Ha OCHOBY O/IHOCA Maca:
OpraHcke Mace, BJdare ¥ MHHepariHux Matepija. Maca oprascke mace v Guomach
jenHaka je monekyscko] Macu opradcke Mace CHyao0psaMNooozeS00003s, [0K j€ Maca
Biiare jefiHaka npowssony M, - a. Kako je Maca opraHcke Mace IponopiioHaiia
FHEHOM MACEHOM yieny y Buomacu, To je u Maca My, - @ NPoNopLMOHAIHA MaceHOM
yHeny siare v Ouomacy, na Dpoj kmol-oea sinare y bGromacn mzHoon a = 0.202 n
onpebe je Ha ocHOBY NoMeryTe nponopiije mate y sy cnenehe dopmyne [3];
. Ml‘uu G0

a=—— 4.4)
MerG i gﬂ" {

MPU YeMy MaceHH YIIe/ii BlIare W OpraHCKe Mace W3Hoce gy, = 1285 n goy = 859, a
MOJIEKYIICKe Mace OpraHcke Mace W Brare winoce M, = 24.32 kg/kmol u M

T S
18 kg/kmol v wspauynare cy Ha ocHosy [3]:
Mr'gM=‘q{'."XC+AH-XH+AO'XD+AN'XH+AS-XS' {45}
MT‘HZU =AyXu+AsXo (4.6}

Bpoj kmol-opa munepaniix matepuja v Guomacu manocu b = L0059 1 onpeben je na
OCHOBY Oponopuje gate y suay aienehe dopayie [3]:

- Mrou 'HA

b
M, - gom

{4.7)

TP 9eMy MaceHu y/1e0 MHHe PaTHiX Matepuja msHocu g, = 1.25 a Monekyicka mMaca
MuHepanHux Marepuja  ssHocn M, ., = 60 kg/kmol. Tlomenyre spemsocTi
!

y3padyHare cy Ha ocaosy [3]:
g4 =100 = goy = Gu,0 {4.8)

Mratsion = Asy *Ksy + Ao " Xo (4.9)
MuHepaiHe Marepuje y ropuBy HpeicTarbajy cMelly HeOPraHCKMX je/lUibera, 1pi
HeMy CHIMLjyM-IMokcu §;0; vecto nma vajselin macenn yaeo [3]. 36or Tora ce n y

[IMCEPTALMM MUHEPAIHE MaTepHje MoJenpajy ca UMy M-I uokconm 5;0;.
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[Tpu NOTIIYHOM caropesary DHOMace HMaMo:

EH1.3'lﬂﬂ.ﬁHNU.m2&Sﬂ.ﬂﬂ0‘34 - D.ZUZ - Hzl{} + ﬂ.ﬁﬂ59 "Sl Gz + X [02 + 3.?6 ’ Nz] f-i lﬂ}

—a-Coy+b-H,0+c-50,+d-N, + 0005950, :
Henosmare crexuomerpujcke xoedMIMjeHTe ¥ OBOj jedaTiim JobijaMo Ha ocHOBY
GilaHca eneMeHara:

Vowenuka ;1 =a wa=1

Bomormea H: 1.39+2-0.202=2-bh — b = 0.897

Cymmopa §: 0.00034 = ¢ — ¢ = 0.00034
Kuceonurka 0: 0.68 + 0.202 + 2-00059 +2-x=2a+b+2-c+ 2
(L0059 — x = 1.008

F AsoraN:000264+2:3.76-x=2-d = d=3791

Haxon mapadyHaTix cTeXHOMeETPHjCKNX KoeduiiujeHara 1obijaMo creXHoMeTpHjcKy
je/iHauUHY TOTIYHO caropesarka GMoMace Y KOHauHOM 0DIIMKY:

Y VWY

cH|_ggau.§gﬂu_592§3ﬂgmg4 -+ 0.2{]2 L Hzﬂ . e ﬂr’ﬂﬂ'Eg b 5102 + 1.0’08
: [Og + 3.76- Nz_l
— CO, + 0.897 - H,0 + 0.00034 - S0, + 3.791 - N, + 0.0059
' 50,

(4.11)

Wa jepnavire 411 ce sumn j1a MUHMMATHO noTpebHa KoMuMHAa KUCEOHMEKA 3a
caropepatbe 1 kmol-a oprancke mace wsnocn 1.008 kmol-a.

Ilpn caropesarsy DuoOMace ca 3alpeMUHCKMM CaapiajeM KuceoHurka op 7% y
TIPOIYKTIMA MMaMO:

CHl_sqﬂu_ﬁgﬁulguzssuluﬂﬂg.' + 0.202 > Hzg + 0.0059 - S‘ag = Xy [’Dz + 3.76- Nz] {4]2]
—a-CO,+b-H,0 +¢c-50,+d-N,+00059-5,0, + f- 0,
HenosHare crexmomerpujcke koedpmijerre y osoj jeHaumtmn 1obujaMo Ha OCHOBY
Dyanca eneMenara:

» VreenukaC:l=a —=a=1

¥» Bomommka H:1.394+2:0202=2'bh — b= 0897

F C}mmopa 5:0.00034 = c —= c = 0,00034

7 Kuceonka 0: 068+ 0.202+2-00059+2-x, =2-a+b+2-c+2-
0.0059 42 f — x, = L.605

» AsoraN:0.0026+2-376-x, =2+d - d =6.036

# MNonaTHa jeHaqmHa Koja MpeicTasba sanpeMHHCKH Y71e0 KMCeoHWKa Y
racoBMTUM rpofyKriva caropesasa: [/la+b+c+d+ f) =007 = f =
0.597

JenHawmHa caropesarsa GuoMace v KOHauHOM ODIMKY [Iack:

CH]_.:i'iﬂﬂ.EENU uuusu.ﬂm}“ + 0.202 - HID + (L0059 - .S]Gz + 1.605
(05 + 3.76+ N
- €0, + 0.897 - H,0 + 0.00034 - 50, + 6.036 - N, + 0.0059
3 Si'ﬂz + [1‘59? E ﬂz

(4.13)
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W5 jenmnavmse 4.13 ce sigin ia noTpebHa KOMMIHHA KMCEOHMES 3a caropepatbe 1 kmol-
a oprancke mace i3HooH 1.605 kmol-a. TTopeberenm jetnaaima 411 1 4.13 mowme ce
HPUMETIITH /13 HOCTO]I1 Pas/IiKa CaMO ¥ KO MHI Basiy Xa ¥ KOAMHMHAMA KMCEOH KA
¥ a30Ta y IpoIyKTHMA.

Vkyrma pexauuja racudpuxkanmje Guomace npukasana y monapHosm obiuky racw [3]:

A- [fHngﬂulﬁgﬂg_uuzﬁs“_agug‘ +0.202 - H,0 + 00059 - 5,0, + x
[0, +3.76- N,]]
—+2.344-C0 + 19.043 - €0, + 0.293 - CH, + 0.195 - H, + 2.442  (4.14)
CiHye +21.484- H,0 + 53906 N, + 0.293 - 0, + A - 0.0059
' 5,0,

Ha ocnosy Bunanca:

F VYVovenuka €A = 2344 4 19043 + 0,293 4+ 7-2.442 = A = 38774
r Kuceormka 00 A-(068+ 0202+ 2-0.0059 +2-x) = 2344 + 2-19.043 +
214844202934 4-2-0.0059 = x = 0.3651

Komiuiaa Basayxa koja ce kopucTH 3a racudukauujy wsdocon (03651 kmol-a.
Koedmumjernr summka saytyxa racudukaumje oppebyje ce kao ojHoc creapHe
Ko/MuMHe Bayivxa 3a racudpuratmjy (nobujene v jenvawunn 4.14) u reopujcku
norpedHe 3a MOTHOYMO caropesarse Onomace koja ce racudmkyje (nobijene y
jenmaumnm 4.11), 7j. 4 = 0.3651/1.008, 1 usnocu A = 0.362. Osa BpeIHOCT YEa3Vje Ha
To 11a ce npu racudpukaimjn Guomace nosoan csera 36.2% i werro suine on 2.7
IyTa Mam:e Of] TEOPHjcKi NoTpebHe KOMIHITHE BAYIYXA 34 TTOTIVHO CArOpeBsaise.

3anpemuna mpovsBeeHor ropusor raca wsHoou V, = 2.042 my,, /KGuiomase W
onpebeHa je Ha ocHoBY [3]:
100 ¥,

A (M,M +a-My, ,+b- Mr%m)

Voa (4.15)

npu uemy V¥, = 22.414 mj, /kmol npeacrasiba MoslapHy sanpesiuny. Ha uern HaunH
ce obuja 1 3anpeMiHa Mpo3seieHor FopUEOT raca v Konodama o 2-6 v Tabenm 4.3,

W3 jeprauune 4.14 ce sigin fa je MTo3HAT CacTas ropUBOr raca, a AobHjeH je Ha OCHOBY
Tabene 3.5 u npernocTagke fla je cas Tep y obimky xenrada Oy H,. Ha ocrosy ciepelie
nponopimje robujera je Maca XerrraHa Koja usHocu Mgy, = 01071 kg/mg,:

Meara —+ 1

Mme e (1 = Myerq)

PU YeMy jé BPEIHOCT Mace Tepa My, = 0.122 kg/mj, ysera w3 Tabene 3.5. Ha
ocHosy crenielie nporiopije nobum cMo Jia ce cactas ropusor raca us Tabene 3.5
mermn ca ppentomhy x = 1.024, a ocratax no 100% npencrasma xerrma, 1j. C,H 4

100 =V
m’“"—'?”:ﬁ = (x-1)
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Ha normyHo Moy HauiH 100Ujajy ce cacTaBu TOPHBHX TacoBa y KorloHaMa o1 2-4, 1o
je i npukasano y Taberw 4.3. Cacras ropusor raca y konoHasMa 5 u 6 ocTaje ncTi Kao
y Tabermn 3.5,

Tabena 4.3 | Cacrtae ropusor raca kopuumlen ¥y HyMepuukuM cusyianjama.

Cacras ropuBsor raca 1 2 3 4 CBP-SRS CBP-PV
Co 2344 4.004 5.176 5273 22 26.2
Coy ™ 19.043 14.355 15332 16,797 103 &4
CHy % 0.293 08977 1LU74 1.27 1.3 1.3
H; % 0.195 1.074 1.074 1.172 28 2.5
HL0 % 21.454 15137 17.773 19.531 5.4 4.6
Ny 53.906 61.328 56.738 53.223 38 34

0y % 0.293 0.586 (0. 488 0.391 0 0
Gl % 2442 2,539 2,345 1343 0 a

IE,D.HE‘-'II"[HEI CTE'J(HDM[‘TPI&I:[CKUF CE!.]'DPEBEIH}EI ropyUBor raca riaci

0.02344 - CO + 0.19043 - CO, + 0.00293 - CH, + 0.00195 - H, + 0.02442
- C;H,y, + 0.21484 - H,0 + 0.53906 - N, + 0.00293 - 0, + x (4.16)
[02 +3.?6'N}l —'CI'CU; +b'Hzﬂ +f‘N2

Henoauare koedmijenre y oBoj jeiHaunHm 1obujamo Ha ocHosy Dulanca:

» VYreenuka C: 0.02344 + 0.19043 + 0.00293 + 7 -0.02442 = a — a = 0.388

» Bopnorka H: 4-0.00293 + 2-0.00195 + 16-0.02442 + 2-0.21484=2-b —
bh=0418

» Kuceonura 0: 0.02344 + 2 -0.19043 + 0.21484 + 2- 000293+ 2-x =2 -a +
b —x=0284

» AsoraN:2-053906+2-3.76-x=2'c - c= 1608

Hakon mspauyHaTHx cTeXHOMeTPH|CKHX KoedpininjeHaTa nodijaMo crexHoMeTpHjcKy
jeIHauMHY caropesarsa FrOpUBOT Faca v KOHaYHoM 0DITHKY:

0.02344 - CO + 0.19043 - CO; + 0.00293 - CHy + 0.00195 - H, + 0.02442
CyHyg + 0.21484 - H,0 + 0.53906 - N, + 0.00293 - 0, + 0.284  (417)
[0, 4+3.76 Ny| = 0.388 - CO, + 0.418 - H,0 + 1.608 - N,
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JennawHa caropeBarha TOPUBOT Taca ca KoedpMIIMjeHTOM BHIIIKa Basayxa 4 = 1.5

0.02344 - CO + 0.19043 - CO, + 0.00293 - CH, + 0.00195 - H, + 0.02442
- C;Hyq + 0.21484 - H,0 + 0.53906 - N, + 0.00293 - 0, + 1.5
+0.284 - [0, + 3.76* N, ]
~0.388-C0, + 0.418- H,0 +a-Ny + b+ 0,

(4.18)

V nperxopno] jepmaumiy koedwniijeHT sumka sayiyxa A =15 omrosapa
3arpeMItHCKOM cajipikajy KuceoHmnka oi 7% v npopgykruma. Mopeberbes jennaqmnta
417 u 418 sugmumo na ce nopehapa KOMUHMITHA KHCEOHIKA M a30Ta ¥ HPOIYKTHIMA
caropeparsa, Hemosnate koedmiumjente y OBO] jemHavMHM Oo0MjaMo HA OCHOBY
Bunanca:

» Kuceonuka 0: 0.02344 + 2-0.19043 + 0.21484 + 2- 000293 + 1.5-2- 0.284 =
2-0388+041B+2-b - b=10.142
7 AsoraN:2-053906+ 1.5-2-376:0284=2-a - a = 2.141

Hakor ospasynamix  crexsoMeTprjcsnx  koedmimjenara  pgobujamo  KoHaumy
jeHauMHY caropesasa ropusor raca ca KoedinnjenToM suimka sasayxa d = 1.5 koja
CIaCH!

0.02344 - CO + 0.19043 - CO, + 0.00293 - CH, + 0.00195 - H, + 0.02442
+CrHyg + 0.21484 - H,0 + 053906+ N, + 0.00293 - 0, + 0.426
= 0.388-C0, + 0.418 - H,0 + 2141 - N, +0.142 - 0,

(4.19)

Ha Guemo onpestiii MaceHn NPOTOK CeKYHILAPHOr Bay/lyXa 3a caropesarhe NoTpedHo
je TPBO fIa 3HAMO KOMMKO je noTpedHo KWnoTpaMa Bayiyxa 3a caropesame 1 kg
ropusor raca. [a Gucmo impanynams osaj IofgaTak, HEOITXOIHO je fa jexaadaxy 4.19
M3pazMo NpeKko Mace, Tj. m = i - M, na nobujamo:

k K
0.02344 kmol - 28 —‘gcu +0.19043 kmol - 44 —‘9 00, +0.00293 kmol

e
Ko k
‘16 k—‘g"{cm +000195 kmol -2 SIHZ +0.02442 kmol

kg
1100 1 CrHyg + 0.2:434 kmol - 18
g

+ 0.53906 kmol - 28
kmao

ke
g ﬂ¢+{l426 3.76 kmal - 28

.9'

q
kmaol H,0
kg

N, +0.00293 kmol -32 -2 :o!] (4.20)

ky
[n 426 kmol - 32 — IN;.]

kg
ot €0, +0.418 kmol - 18 -——

kg k
+2.141 kmol - 28 1—— N, + 0.142 kmol - 32 kmu:"”*]

[u 388 kmol - 44 T Hz0

npu vemy n o3Hadaga opoj kmol-osa, a My = 28, My, = 44, Mgy, = 16, My, = 2,
My, = 100, My, = 18, My, = 28 u My, = 32 y kg/kmol npencrambajy MonapHe
mace. ¥V npeoj 3arpajy NpUKaIaHa je Maca ropusor raca y kg, v Apyroj Maca sasiyxa y
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kg v y Tpehoj maca numuor raca v kg. Hakon cpebusama, jemHaumna 4.20 nobuja
OBITHEK:

30.583 kg ropusor raca + 58 kg sazgyxa — B9.088 kg gumuor raca (4.21)
OpHocHo, Kaja jerHawny 4.21 nogemimo ca 30.583 kg nobujamo:
1 kg ropusor raca + 1.912 kg pazgyxa — 2.913 kg aumuor raca (4.22)

Jennawitna 4.22 npeficTapiba KIACKHUHY CTEXMOMETPHICKY je/THa9MHY, OfIakIie CIefi [ia
je 3a caropeparse 1 kg ropusor raca norpebua koym=mna on 1.912 kg sayiyxa, npu
yemy Hacraje 2.913 kg ammmor raca. Ha Ouovo ogpemnm MaceHm pOTOK
CEKYH/IAPHOT BAYIYXA 34 CATOPEeBarse NoTpebHO je [a OfpeuMo MaceHu MPOTOK
roOpUBOr raca.

Macenn nNpoToK ropuBor raca M3Hocu m,, = 0.00373 kg/s v onpeben je na ociosy
onenelie dropuayne:

thgy =V, -E-"iﬂ (4.23)
8 oy Vm g

pu semy je My, = 30.583 kg/kmol monapra maca ropusor raca opipebena Ha 0cHOBY

dropuyne:
Myg = Z T M

=Teo *Meo + oy * Meoy + Tewy - Men, + Ty - My, + Teun,,
"My +Tiy0 * Muyo + 1wy My, + 10, - My,

(4.24)

[l CY T; 3anmpeMuMHCKM y/enl KOMIIOHeHaTa ropueor raca, a B = 0.00134 kg/s
npecTaBka noTpomsy Guomace u ofipebena je Ha ocrosy [94]:

Q
B T (4.25)
npu yemy ¢y @ = 18.07 kW w n = 0.903 nopaum yaeru na Tabene 3.4 n npeacrasibajy
HOMMHAIIHY CHAry M Creried kopucHocTd komia. Homsa Tomnorna soli Duomace
mHocn Hy = 14916.6 kf kg, v m3pauyusara je Ha ocHosy dpopuayne 2.3. [Ipe Tora,
onpebena je ropma TormoTHa moh Guomace, koja wsHocw Hy, = 18437.13 k//kg, na
ocHoBY hopmyie 2.2

MaceHu npoToK Baslyxa 3a caropesare N3HOCH My, quna = 000713 kg /s n ogpeben
je Ha OCHOBY OIHOCA MPUKA3aHOT ¥ jermHavr 4.22:

Mygzauna = 1912 1,4 (4.26)

Mo ucrom npunHImny oapebenn cy MaceHu MPOTOLM FOPUBIX FACOEA 1 CEKYHIIAPHOT
Ba3lyXa 33 caropeBame Yy KoJdoHAaMa of 2-6, m npuxazanu cv y Tabenmn 4.4,
Temneparypa ropusor raca T, = 497 °C xopubiesa v cumynaupjn yaera je s
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Tabene 35, mox je Temmeparypa [OpearpejaHor Bayiyya 3a  caropebarbe
npernocrasbera Ha Togppune = 300 °C

Tabena 4.4 | Macenn npoToum ropusor raca W CEKYHIAPHOT BA3LYXa 33 CaropeBare
KIT'F'IIHI“!.‘.}{I'I ‘\-' I-F}'ML'FI‘I.I"IK'I.'[R[ I..'I.'I!.'|}'II:1.[[|.FI].EI.MH.

Maceun nporok 1 2 3 4 CBP-SRS CBP-PV

Fopusu rac (kg /s) 000373 000385 000373 0.00357 0.00322 0.00291

Baayx 3a caropesarse

000713 000834 000784 000763  0.00724 0.00774
(ka/s)

Ha Cnmn 4.7 npukazaHa je BATPOCTA/IHA Kepamuka kopimmlieHa v McnuTHBaHOM
racupukalMoHOM KOTIIY Ha japsa npukasanoM Ha Cmomgm 3150 3a gamw pan
HyMepuuknx cumyiaimja kopumliena je sarpocrajHa KepaMuka [10JL DIHAKOM
kopyHaym 90 [116], koja cagpaxanr mpubmxso 90% Al,0,. Tapadetpu kopumbenn y
HYMEePHYKNM CIMy TTatifjaMa ysetu cy us [117], u manoce:

# Koedunmjent nposobersa Tommote: A4, = 2.33 W/mK.
» Crpeundpyanm TornoTHu Kanauwurer: C, = 1.118 k] /kgK.,

7 I'ycruna: peog = 2.83 g/em’,

Crmka 4.7 | Barpocransa repaniiza soprnuliesa v icmimmisaHom rackids iKal HIoH0s Koy Ha 1psa
rrprkacsaon Ha Creng 3.15,
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Xemujcka eHepritja ropusor raca wiHocu Uy, = 1444 kW u onpebena je na ocrosy

cinenehe dpopuyne:
Uyyy = Vog " B+ Hyy, (4.27)

npu vemy je Hy, = 5276.14 kf /mj nomsa ToruoTHa Moh MPOM3EEIEHOT TOPUEBOT raca
mipauyHaTa Ha ocHosy dropmyine 2.15:

Hd.ﬂj’ = Z I"'I = Hﬂl = rfﬂ‘ O Hﬁcﬂ + rc"‘ . HﬁCH.’ + ?'H] “ H“H] +TC7H|ﬁ . Hdl’,'?iﬁa “1':";}

Kao urro ce e m3 jerHasmHe 4.28 tonrotHy vohi racy najy yroseH-MOHOKCHIL, METaH,
BOJIOHWMK W XellTaH,. 35[IP‘E‘MHHL"KH YAgIM KOMIIOHEHATa FOpUBOr raca yieru cy i
jermiasmne 4,19, Homwe Tormiorne mohm Hy,, = 12635, Hda,-,, = 35880 u H.i,,-, = 10785

vy kj/mj vsere cy w3 [3,118], mok je moma rtoriorha moli xerrrana Hieon s =
198764.4 k/ /mj; onpebena Ha OCHOBY TIPOM3BO/A BPEIHOCTH [I0HE TOIUIOTHe Molin
xerrrada H = 44566 k] /kg [119] u rycrume pe ;= 4.46 kg/mj wapauynare Ha

deslie
OCHOBY qJDPMyIIE:

as MC?HIE

pﬂ'?”la = V {4'2")}
m

Puzrdka TOWIOTa Y ropuBoM racy wsHoon Qg = 2.28 kW u osipebena je Ha ocHosy
cnenehe dopayne:

Qrgy = You* B-hy, (4.30)

npu uemy je hy, = 830.81 kJ/mj enrammmja ropusor raca v onpebena je Ha ocHOBY

[3]:
hyg = (Tyg — Tu]‘z?': Gy,
- (TM i T‘,}
' (r‘:" (G, + 1o, (Ep]:u, +Tew, [cp)rul * T, * (mﬂ:

+ rﬂ"?”m : @CTHM + THZU : (C_P)Hza + rN: ! ﬁ:)Hz + rui ’ (’L‘_P]ﬂz)

npu gemy cy T = 497 °C remnepatypa ropueor raca y3era w3 Tabene 3.5 u T, = 25°C
remnepatypa okomme, Cpegmy  cnetpdpydHi  TOIDIOTHH  KarlalireTy  HIHOCE

(Cp),, = 1356, (C, )co, = 1962, (Ci}cm = 1599, {f,,]uﬂ2 = 1.304, [Cp}mm = 11.186,

(Cp) = 1.607, ( E_] = 1.345 "(Ev)g = 1.404 y kJ /m* K, n onpebenncy Ha ocHosy
2

npumnm:[a BPETHOCTH 1{3 TaGene 4.5 w omoca M /V,,.

(4.31)




Muyamugnmxyuonzinoom xepasmusicix u memaanux dodamaxa y kenmaofuma va Guomacy

Tabena 4.5 I CIIL‘L:PII.PH'-IIIM TOINOTHHY KalalHTeTn llpll KOHCTAMNTHOM IIPI‘ITHCK}’
uiabpanux racosa v kJ /kgK [120].

Coemm gy TonnoTHy Kanauwret kf /kgK

T [*C] co CO; CH, H; CiHy  HaD Nz 0y BATYX
] 1039 0,817 14359 1548 1.868 1059 0,915 1.004
100 1045 0916 2444 14608 1987 1.890 1042 0935 1.m2
200 1.059 (1,996 2,789 14574 2413 1.940 1.053 1.963 1.027
300 1080 1060 3164 14567 2786 2000 LO70 0992 1.6
400 1105 1.113 isu 4652 310 2,064 1.04 1.021 1.068
300 1.131 1.158 3881 14.80¢7 3365 2131 1115 1.047 1.091
&0 1155 1195 4.197 14.991 3585 22 1138 1.069 1.113
700 1.178 1.227 4479 15169 ki | 2272 1161 1.087 1.134
800 1.198 1.254 4.730 15319 3929 2342 1.182 1.102 1153
G0 1216 1275 4953 15426 4064 2411 1200 1113 1171
1000 1231 1.292 5.152 15485 4,180 2477 1.217 1.123 1.186
1100 1.244 1.306 5331 154% 4,280 2.539 1,231 1.131 1199
1200 1255 1315 5494 15456 4366 2.596 1243 1.139 1.210
1300 1264 1322 564 15373 4441 2648 1253 1.147 1220
1400 1271 1.326 5.783 15250 4.506 2.694 1262 1.156 1.228
1500 1278 1.327 5913 15092 4.561 273 1.268 1.166 1.236
1600 1.280 1.326 6036 14.904 4,608 2.768 1.274 1.178 1.242
1700 1.283 1.323 6,152 14.689 4.648 2797 1278 1.191 1.247
1800 1285 1.319 6,263 14.453 4.681 2820 1281 1.207 1.252
1900 1286 1.313 6.370 14198 4708 2838 1.284 1.224 1357
2000 1.286 1.306 6472 13.9248 4730 2.851 1.285 1.243 1.262
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Bpennoctn cienmdpiraHix TOmroTHIY Kanaurera y Tabems 4.5 wspauyHaTh oy Ha
acHosy [120]:

o 3
'[1—%'(D+E'A1T+F'(Air) “;'(‘%) )1

npu wemy je R, y kf/kgk racna xoHcTanTa raca 3a Koju ce padyHa Crelmduyem
TOIoTHH Kananurer. Fbere spentocty oy npukasane y Taberm 4.6 i uspauynare cy
Ha octosy [3]:

(4.32)

R
— i, 4.33
R M, {4.33)

npu uemy je R = 8.3143 kJ /kmolK yausepsaita racHa KOHCTaHTa,

TabBena 4.6 | Bpennocorn racHe KOHCTAHTE raca 5a KOjU ce pauyHa cneund musy TONOTHH
KallaHTer.

co Co; CHy Hz CaHyy H:0 Nz 03 ﬂm}'ﬂ

Rkl/kgK] 0297 0189 0520 4157 0.083 0462 0297 0260 0.287

Koedwmujerrrin A, B, C, D, E, F u G ce kopucre 3a oppebusame cnemudirammx
TOIUIOTHUX KAITAINTETa Ha KOHCTaHTHOM NMPUTHUCKY JIATHX TAcoBa, M ITPUKasaHm cy y
Tabenn 4.7, nox T' = Ty, = 497 °C remniepaTypa ropusor raca ysera u3 TaGene 3.5.

Tabena 4.7 | Koednunjenrn 3a ogpebuname cueuud muaumx TONIOTHHX KaTAWTETa Ha
KOHCTAHTHOM NPUTHCKY AaTux racosa [120].

Fac A B C D E F G
co 407.9796 35028 285M -2.3018 329055 -100.1815 1061141
oo, 514.5073 34923 09306 -6.086]1 54.1586 -97 5157 T0.9687
CHy 15308043 4.2038 -16.615 -3.5668 430563 -86.5507 65.5986
Hs 3928422 2496 -3.6262 -1.9624 356197 -#1.3691 62.6668
Loty 785.509 14.6277 -1.8476 -21.5324 1686597  -283.0262  181.4694
Ha0 706.3032 5.1703 -6.0865 -6.6011 362723 -£3.0965 46,2085
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N2 432.2027 3516 28021 -4.1924 42153 -114.25 1111019
o, N 3.5302 -71076 -1.4542 30.6057 -83.60596 79.4375

HAVLYX 2548.932 35248 06366 -3.4281 498238  -1203466 988658

Musuuka TorutoTa y Basnyxy ustocu Qp, = 1.91 kW u onpebena je na octiosy ciesehe
dropuyne:

Qp, =V, B-1912"h, (4.3)

npu qemy je 1.912 spexnocr nobujena Ha ocHOBY 0IHOCA NPUKAZAHOT ¥ jeHAYHHN
4.22, a h, = 364.65 kJ/mj npeacrapba eHTAMIMY BaIyxa Koja je m3IpadyHaTa Ha
ocHOBY [3]:

hy = (Tyazduna — To) * @u {4.35)

npu ueMy oy Tyaeaune = 300 °C TemmepaTypa npearpejaHor sayyxa 3a caropesarse 1
T, = 25°%C TemnepaTypa OKOIMHe, a {:C_p)p = 1.326 kJ] /m*K npencraema cperbi
crendMHE TOIVIOTHH KaIIAllMTeT Ba3lyXa Koji je iipauyHaT Ha OCHOBY IIPOM3BOIA
ppenrocTi us Tabene 4.5 1 opHoca M; SV

Cabupamem spennocTi 113 jensaunsa 427, 4.30 u 4.34 pobujaso yRynHy eHeprigy
FOPHMBOF Taca M Ba3/lyXa 3a caropesarse Koja u3nocu 18.63 kW,

414. PE3YJITATU CFD CUMYJTALIUIE

Ha Cnamir 4.8 mpukasanu oy pesvirraTd Hysmepuske cinynanuje. [lpuopurer je par
TEMIIEPATYPCKOM TOTBY JMMHOT raca. Pagm npoleHe MakcHMaliHe TemiiepaType
caropesarba ropusor raca kopuuhenn cy pesynratu CFD mymepuuke cumyliaiine.
Temmeparypa caropesarsa ropMBOr raca W3Hoou te,,... = 1236.7 °C, n oapebena je
Kao apuTMeTiyKa CpeldiHa [eceT HacyMuuHo uiabpaHux Tadaka yHyTtap 3soHe
caropesarba. Osa TeMneparypa Npencrasba TEOPMJCKY MaKCHMaIHy (rpaHuumy)
BPETHOCT KOja OF ¥ PeastiiiM YOUIOBHAMA HUKAA HE J0CTHAKS jep Y MpaKkcH He NocToji
arncoiayTHO M30JI0BaH CHCTEM, 3aTHM CAarOpeBarse jé TOTOBO YBeK HernoTIVHD W, Ha
BUCOKUM TEMTIEPATY PaMa JI0NIasi [10 peakinia joHnsatmje [3].
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Temnepatypa [C]

1346
I 1224
1149

475

Crmika 4.8 | Tesnepa Ty Poso 100 b IHMHOr o,

Temnieparypa [IMMHOI' Faca Ha W3/1a3y W3 KOMOpe 3a caropesarse w3HocH Tag,, =
672.71°C n pobujena je na ocnoey pesyirrata CFD nymepuuke cumynammje. Ha
OCHOBY 0BE Temreparype u jenHaunse 4.19, koja faje KOIMUMHY U CacTas MPoIYyKaTa
caropesara ropuBor raca, MOXeMo Ja OJPEANMO eHTamujy aumHor raca. Ona
n3HocH hyy = 967.77 kj /my, v vspauynara je sa ocHosy [3]:

|
hag = (Tﬂﬂmn: = Tﬂ} ‘3089 Z T Gy
= (Taoies = 7o) 3555

(reon * (G) o, + Tia0 * (G 0+ e (@), +700* (G),,)

mpu vemy je T, = 25 °C remneparypa oko/IMHE. 3anpeMitHCKN Ve KOMITOHEeHATa
AMMHON raca vieru cy us jeanaunte 4.19 u usnoce rpo, = 0388, ry,, = 0418, ry, =
2,141 n 1y, = 0.142. Cpeppen crienudaaM TOIVIOTHH KanauTeT onpebenu cy Ha
ocHoBy tipowssosta sperocr us Tabere 4.5 u omroca M;/V,,, n msHoce ([.‘_,,]mz =

2022, (G;),, , = 1657, (), =1371u(G;), =1429yk//m*K.
Pusnuka TOIOTA Y AUMHOM Tacy usHocn Qg = 7.79 kW u oapebena je na octosy
cnenehe dropayne:

(4.36)

Qpgg =Vag B 2913 hy, (4.37)

npu yemy je 2.913 spenHoct nobujeHa Ha OCHOBY OIHOCA NPHEASAHOL V jelIHAMMHI
4.22,
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415, BAJTUIALIMJA CFD MOJIE/IA

V normaemwy 415 pesynrarn CFD cmmynanuje cy ynopebenn ca pesyrrratima
AHATMTHYKOT TpopaYyHa pamy sepudmkaiije nobujenix nomaraka. Temnepatypa
caropesarsa ce onpelvje na ocxosy [3]:

t... = Ha +mﬂ'cpg'(ty _tﬂ}+1‘us!'(tu_tﬂ)
b Viwe * {Ei ﬂp[ ¥ "J)
mpu weay je t7 TeMieparypa Ha pedeperTHoM cramky, H,y xeujcka eneprija ropuea

(v oBoM crTyuajy TOPMBOL raca, a oA ToInoTHa Moh ce yInMa ako je Bozia y obimiky
BOJIEHE TIApeE), my - CP; . (t.v - tﬂ) dpr3MvKa TormeTa ropusa, Ly, ¢ (t, — ) drsmaka

(4.38)

TOIUIOTA BAIYXa 34 caropesatbe (Ly g je cCTBapHa KOMTHHA Basoyxa 3a caropesatbe),
a Vo " (4 Co, ‘1) npescrapma GUIMEKY TOIIOTY 1pojiyKata caropesatba (V. je
3aTpeMuHa BIAKHUX TPOIYKATa caropesama).

VYaumajyhu vy ob3mp 3apMcHOCT TOIVIOTHHX Kanawurera racoBUTHX jeMIberha o/
TEMIIEPATYPE Caropesarsa, jendaduHia 4.38 nMa mamwmnuras of/mMK 1 He MOXKe ce
jenHocraBHo pemmmTi. 30or Tora je 3a aHanmuTHuko onpebusame amijabarcke
TeMIepaType caropesarsa HEOTIXO/IHO PUMEHHTH aTropuTamM mpukasan Ha Cruim
4.9,

PLIPAMYIARANS TOTINCTHAX
TERATEFAT VY
WA O 0 Raagt

A A (11
TEMTEPATYPE CATDPTEALA,

L

Crmxad9 | Amopseras xopinulien s onpebusase respepatype caropenarsa (Cronka tpeyaera 1o ped. [3]).
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TMoueTHa BpeaHOCT TemmepaType caropesara ofpebyje ce NpuUMeHOM CpeTHMX
CrermdIMHENX TONNOTHINX Kananurera (npukasadux y TaGem 4.8) v jennamanm 4.38.
Ha ocrosy nspauyHaTe NoYeTHE BPEIHOCTI TeMIlepaType caropesatsa ojpebyjy ce
Cperbe BpeTHOCTH mﬂmdq:l“‘-ﬁ"-!x TOMNOTHMX KararymeTa, KDjE €e 3aTUM KOPHCTE 34
IMOHOBHO MApauVHaBAHE TeMneparype caropesatsa. Y Tabemr 4.9 matu cy napasu Ha
OCHOBY KOJMX C& MOIY W3pauyHaTH Cpe/irbe BPEIHOCTH CreludpuuHuX TOILIOTHUX
Karaiurera oj1 craHjapiaHor pediepedTHOr crama 10 fnate temneparype. Tpopauyn
Ce MNOHARbA UTEPATHBHO CBE [TOK C8 BPEIHOCTH TeMITEpaType He cTabuiusyjy yayrap
3afaTe TavHOCTIL

Tabena 4.8 | Cpeatsu coeundmyum TOMNOTHN Kanauurery v oncery og 25 °C go 3000 °C

[3].

(T - T
Cyncranua K kmaolK klfkak kf fkmotK kj fkegk
€0y 58.18 1.322 4987 1,133
H, 0 425 2359 34.19 1.598
0, 3299 1.031 2468 0.771
N 31.18 1.113 2287 (L5816

ITouerHa BPeHOCT TEMITEPATYPE caropesarsa M3HOCH Ly, = 1082.97 °C u nobujena je
Ha ocrosy (C, 1 Cp) v kJ/kmolK parux y TaBerm 4.8 w rornorne mohin

OCEN st HH

ropusor raca ofipebeHor Ha oCHOBY jertHaumbe 4.28.

Tabena 4.9 | Cpepttn cremdma oM TONNOTHN KATAUNTETH ¥ TEMIEPATYPHOM ONCErY 01
0 °C mo t [3].

Ci‘,ﬂ,ll.] bH CJ’IEI.I.HqJDI'—].EII'l TonnoTHH Kanawwrer on 0 °C o t

Cyncratna kfmC
o, 16233+ 88373107 -t — 341171077 - ¢2 + 5.1156- 10711 - ¢3
50, 1.7392 + 86734 - 107* - ¢ — 45612 1077 - t2 +9.3331 - 1011 3
H0 14864 + 19541 107% - ¢ + 54782 107" ¢2 — 1.6702- 10711 . 3
Nz 1.2860 + BB706- 1075 -t + 24109 107% - ¢7 —9.1475- 10712 . ¢3
0, 12943 + 24487 - 107 - £ — 7.2489 - 107" - t* 4 95706107 - ¢*
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Ha ocnosy Tabene 4.9 1 noyeTHe Bpe/IHOCTH TeMnepaType caropesara ofipebyjemo
CpeliHe Cl'lEL[I.-{C]'.'IH‘-[HE' TOIUTOTHE KanalluTeTe, HaKkoH Yera ce ¥ JApyromM I'[PIJ'IﬁJTHH(EI‘h}"
pobuja Temiepartypa caropesatsa to, . = 1123.13 °C. Vleru nocrynak noHosseH je jown
fBa nyTa u 3a sagary rausoct o dt = 0.5 °C nobujena je Teopujcka TeMmieparypa
caropepatha Koja M3HooH ty,, = 1119.22 °C. Vnopebusarem Teopujcke Temneparype
caropesarba ca Temneparypom jobujerom w3 CFD  cumynaumje yrspbeso je
oncryname on npubmokno 10.5%, mwTo ykasyje Ha 3anosorsaBajylin  crenen
mojyaapaisa iMeby aHamHTIHMKOT | HYMepHYKOr pesyIrarTa,

4.2, TTIPEJIOI HOBOI TEXHWMYKOTI PELLHEHA

YV osoM nornamby cy NnpUkasaHe MCIIMTHEAHE KOHCTPYEKLMjE KOMOPEe 33 caropesatbe
FOpHBOT raca y racupMKalimoHinM KoTioBiMa Ha apea, Ha npumepy kotmia HasueHe
cuare 18 kW oppebusanu cy orrriMalTHa BeIIHITHA M TOTDAA] BATPOCTATHE KEPaMIKe
Kao M Oonnoskaj yiasa (MecTo caropesaika) ropusor raca. Ha ocmHoBy sanmpesmie
Komope 3a caropesarbe V = 0.083 m? (napauyHaTe npesa QuMeHIMjaMa HaBeIEHHM ¥
nornasssy 4.1.1) 1 cnare korna og, 18 kW, noGuja ce rpancdep TomoTe ca AMMHOr raca
Ha KOT/IOBRCKY BOIY 10 JeiMHUIM 3afpeMiHe KOMOPE 3a Caropesarse Koju M3sHOCH
21687 W /m*. ¥ mikemepckoj pakcu, OBaj [OaTax je BakaH [pW NPOjeKTOBaMY
KoMope 3a caropesarse, Y nopebery ca BpeiHOCTMMA KapakTepUCTHYHUM 34
racudpuKaliMore KOTIIoBe Ha [1pBa Tepmuakix crara 18, 25, 26 u 30 kW [121-123], xoje
ce kpehy v omcery on 208.33-225 W /m?, youasa ce na paviMke TOTOBO HE MOCTOje.
Mano eeha pa3mika DpUMeTHA je aKo YIopeaumo 1obijeHy Bpe/iHOCT ca BpeHohy
u3 paza [11], koja warocn 295.15 W /m*. Oso notepbyije /1a je npeyioxera sanpemitta
KOMOpE 32 caropesarse ajexpatHa 3a jedpunucany cHary komma. YV Hacrasky
AHCEpPTaNMje aHATIBMPAaHE CY PavIMYMTe BapUjadTe BaTPOCTAIHE KePaMMKe 11 IHeH
yTHlaj Ha TpaHodep TowoTe ca AMMHOr raca Ha kornoscky sony. CFD cimynamge
pabeHe cy no wucToM NPUMHIMITY Kao vy nornamey 4.1, anu y3 HEKONMUMKO fonyHa y
QIIHOCY Ha paHuje npukasanu Mozes. Koa monena spauersa, kopuinher je wsggm-
domain-based meton 3a onpebusamse xoedwmumjenrta ancoprinuje. Osaj merton
CUMYITHPA 3paderke ¥ TacoOBMTHM CPeiMHAMA YHYTAP M07ka BUCOKHUX TeMmIeparypa,
Kao HIp. Ko caropesarsa, Ipanmusm yomosm cy uemm kao v nomassy 4.1.3, v
AOJIaTaK KOT/IOBCKE BOME MACEHOT [TPOTOKA r.ﬁn,, = 0.2 kg/s v remneparype Ty =
55°C. Yna3 xomioscke Bope aedwmucan je rpaHMionM THa Linlet”, opu aemy je
HPOTOK Bofe jledMHMcaH Kao MaceHH NMPOTOK BOJE PaBHOMEPHO pacnoflerkeH [o
E)ripeution npecexy. Va3 sosie nedpuHiicas je rpasniiom tima , outlet”, npu ueasry
je rpanuia onpebena wibopom orje , static pressure” i jedHNCarbEM pellaTUBHOT
npuricka o 0 Pa. Mako y peamiuiy yonosnMa gonasu no pazsere toromote (300400
W /m?), 36or mane nospimMHe BpaTa Ha J1€BOj CTPaHK KOMOPe 3a caropesarse (orneka
ca koeduimjerTom emucusrocrn 0.8 [124] u nosprumsom o ceera 0.092 m?) kao u
3Bor saHeMap/BMBHX TOIUIOTHUX ryOUTaKa, BpaTa M [lecHa 3aTBOPeHa CTpata y 30HM
IUIAMEHA MOJAITMPaHK CY Kao agujabaTcke NospimmHe.
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4.21. AHAJIM3A YTULIAJA OYVXKMHE BATPOCTAJIHE
KEPAMWKE 1 AHATIU3A TOJIOXKAJA YEALIHOI
OTBOPA I'OPVBOI' TACA HA TPAHC®EP TOITVIOTE
CA IMMHOI TACA HA KOTJIOBCKY BOLY

YV nomaersy 4.2.1 asammupan je yTiaj paviMtaEy JYAHHA BATPOCTATHE KepaMuKe,
Kao ¥ payiMunTHX nonoxaja ybaupor orsopa ropusor raca, na nobosiname
Tparcdiepa TOIDIOTE €A IMMHOT raca Ha Komioscky somy. Lum je 6uo mpomalin
ONTHMATHY BelTMYUHY BATPOCTATHE KepaMMKe 1 OITTUMAIAH MOo&aj yiaia TopuBor
raca y KOMOpY 3a caropesatbe. AHalusupaHo je yeynno 25 xkomOuHaumja xoje
oDy xBaTajy Ier pasimuuTIX [IYANHA BaTPOCTA/IHE KepaMuKe M [1eT pasimdnrix
no/iozkaja yoalHor oTsopa ropuBor raca, Kao mro je npukasano v TaGemm 4.10.
IMonosxkaj yDanHor orsopa FOpMBOT raca O3HadeH je cumbonom p, a Jay:KuHa
BaTpoCcTaliHe KepaMuke ciuMbonom [ KomGuHaimje cy osnagene y obmaky pil;, mpu
qgeMy uHiexe [ sapupa oa 1 po 5, nowesi o pyly, pily, ... na cse 110 pgls. Va Tabene
4.10 ce sy 1a nojtoxaj yoalHor OTEOPa rOPUBOT raca Bapupa v pacnony o 150 go
550 mm ca xopakosm om 100 mm, a nyavma satpoctanie kepasuke o 300 zo 600 mm
ca KOpakoM of1 75 mim.

Tabena 4.10 | Kombuwaunje pl; kopumhene y AyMepuukmus cumy naumjasa.

[Monoxaj ybaumor omeopa ropusor raca (py) Hyxamma sarpocraime kepasee (1))
py = 150 mm }, =300 mm
Py = 250 mm 1, =375mm
Py = 350 mm 15 = 450 mm
py = 450 mm Iy =525 mm
ps = 550 mm {5 = 600 mm

Ha Crmvripn 4.10 npukasan je CFD mojien koMope 3a caropesarse, VEbyay jyhin u etanse
O MOAEIY U FPaHMYHUM YCIOBUMA,
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- MAatepsjan fwsan rac
Pispepeiitid rmenacai 1 alm Tirartivrnent yinom: inled
Tpame aayja: o s il Fpasmee yonoss [« 841 met-J) [rogians rac)

Typdiynestin mogen: s-Epsian

Mopen caropesdsa: Nut-Premised Combustion T pasrtsiin yoaos: kst

- Mingen spasisa DO (wggm-domain-based] — - [days 1 Caropenaks)
[ painenns - -
e el
{mexs)
1 i
OGnmeT ywan HIrpnCiansa seprasumes
. sty 90)
Tfnaneian yenos
Cutiet
[uammian 0 ach
—_—
— —
Tipdivivreiinie yrAGn
Chithet
LN TP Yeaosa Inlel [Tapmn rs] Rk Ewbee s Aol Chutlel it 1AL} {noya)
- WHa: 1B mim | Llspaias 30 mm - Wiprana: 308 pams | e ksaas 100 man
Racesim nporos (SONMAN3a) Y OMNIOCY B PRdsirsm yonon ) Cramarani g
- Typlymeviumfe: Cpeares [WHTeammer - 5%) - PRraTHERHW (peTca | = 0 Pa)
e paeeson yoaosa nlel [faoys 35 ciropredmch Oexans masarivor yonong. Cutiet (o)
Mpesiimn: 13 wm Cramsemi graTIecE
B aThopa; 8 - Penarianam npsracad | = 0 Pa)

Naresia poros (Is0pMands § DEDCY Ha rpasiis e o)
Typliyneugm|o: Cpegdss (o maner = 5%)

Levans maversr yenon ikl [Boga)
MCrim poron {HOPAAAIE Y OEISICY b TR ponom|
Typlivarsainpe: Cpepee [Raremarer = 55%)

Comaka 410 | Npeaxcas CFD monena KoMOPe 3 canopes e VRsvayiy R i [1emans o Mogeny s rpanien e
}'c;'xmm

4211.  PE3V/ITATM CFD CUMYJIALIMJA

Ha G 411 npukasari cy pesyirrama HyMepuukix cumyiainga. Camynanmje cy
NCIVHIUIE NOCTARBEHM KpUuTepujyM kKorsepreruuje (< 1x104) v npocexy mano npe
13000-Te wreparmje 3a BpeMeHcKN Tieprof o otiiprmike 30 ammayta. Ha Con 4.11,
TaMHOTUTABOM J'II-"IHH:!IJM I'IPMKBBH.HE C}-‘ BPEI[H.GC'I"I-'[ }ruym-mr 1'P3HC¢'EFH TOIDIOTE Ca
AWUMHOL Taca Ha KOTHoscKy oy fobujene CFD cumyianmjama, Fo0K je /byDUUacTom
MCIPEKHMIAHOM TAa4YKacTOM JIMHUjOM IPHMKa’aHa VKYIIHA eHeprija yHemeHa y
nomure. OBe BPEQHOCTH C8 MOTY OMMTaTH ca ese opiunare. Ha ocrosy peaynrarta
CHMYIIALM]A MOXe Ce 3aK/BYHMHUTH [Ja HAj[oBOJEHHM]M VTHLA] Ha TpaHcdep TolwioTe
OCTBAPY]Y BapPHjaHTE V KOjHMMa Ce mojioskaj ybalHor 0TBopa ropuBOr raca Hajlasi Ha
CYIPOTHO] CTpaHi 071 Y/asa KOT/IOBCKE BOJIE, a4 KOJL KOJUX €8 KOPUCTH BaTPOCTAIHA
KepaMHKa MUHMMAaIHe HyKuHe npubmikno Ye mysume noxuinTa (sapujadre pyly,
pily v py [z, voxsrpene watiom Bojom). Opo ce Mosxe 0GjacHUTIE IVAKOM BATPOCTATTHOM
KePaMHKOM, IITO [UPEeKTHO YTUYe Ha JIyAKY NYTary, OHOCHO JIyKe aafipiKaBarke
AMMHIX TAC0Ba Y JIORUINTY. BpenHocTit yKYHe KoJMHuHe TOIUIOTE, Koja Ce IpeHocH
ca JMMHOT Faca Ha BOJIY, & MIHHMAITHO PAiTHKY]Y 3a oBe Tpu BapujaxTe, i kpehy ce
y oncery o 1332991 no 1349844 W.
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Hajuenosomsaitie sapujanre ce Taxobe mory sumets ca Cnuke 4.11 (yoxsupene
seneHom Gojos) i o3HadeHe ¢y ca puly, paly, psly v pely. To 3Haum fna ce TpaHcdep
TOIVIOTE CMatbyje Kako ce [ookaj yiasa ropusor raca y KoMOpy 3a caropesarbe
npubmoKaBa yialy KoTIOBCKe Bofe. Kao My NpeTxogHoOM oIvdajy, M HHXoBe
BPEIHOCTH YEYIIHE KOMMHITHE TOIDIOTE Ce MMHMMAITHO pasmikyjy, v kpehiy ce v oncery
on 1091209 mo 10990.35 W. To sHaum jga je pammka wusmely Hajnoso/bHMje M
HajHenoBoLHMje BapujanTe 2.5 kW,

I e LB 17V 1 — [ p— oy — ) O e (] s V0D e g e (]

B vvopsnipan iy nifecafyacafasiyoafacafyeceBoee BeneBoes oo Reee oo e g oo oo ol s alsnnnfip oo ol oo

T [R—

TrE= R
— —"

mdoomly omls omls ok omels mds mks e bl mle

e [ AR o e ][ 1 5 L (] |11

Cromxa 411 | Pesvrrram CFD comvy marna,

Ha Craum 4.11, upeeHoM MCITpeKMaHOM JIMHUJOM O3HaYeHe Cy KOJIMYHHe ToIuioTe
KOje e 3pauerheM IpeHoce Ca IUMHOP raca Ha Kortnoseky soiy. Ose spenHocry cy
rakobe nodujere vi nomoh CFD cumynanmja, 1 Mory ce oMuTaTi ca Jiese OpHaTe.
Ilpunenonm perpecuone asammse v mporpamy Microsoft Excel [125], nobujena je
MaTeMaTIUKa jEJZI.Hﬂl-IMHa mja IIZI]II:IC}"jE KD]"II"["-IHH:." TOITIOTE mja ce I'IPE'HDCH 3|.':31[E'H:EM
y W ca inMHOr raca Ha KOTJLOBCKY BOMY, W ITIACH:

Q = + + L=F (—pr)2 + ( g )2 +
rrag = G G "PrTCat Ly Cy* [ C
_reg 0 1 2 3 Ir 4 ﬂ'rlrndg 5

. T B 3 AT, a
- (AT, - ﬂn:i“,,‘.m.)z + cﬂ-( - ) + ¢ ° (_p_r_) +cg (ﬂ 2 ) (4.39)
T i:|" Tmlle

vode,
B X Pry* AT, \* T \'
+Cr.|-'(.r ﬂ; ) +E1u'(‘r) +C11'(‘f‘§:") +E12'(T:d )

IpW WeMy Cy €; KoHCTaHTe mpukazane y TaBenmn 411, p, = p;/L npencrasma
penaTHMBHN MoNnokaj yBaHor oTeopa ropHeor raca, I, = [;/L npencraeika penaTueHy
AYAMHY BATPOCTAlIHE KepaMuke, 1ok je L = 900 mm ayxiuHa KoMope 3a caropesathe,
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AT, mpencras/ba TeMIepaTypcky paimuky wsmeby Temmepatype ropusor raca Ha
yia3y y KOMOPY 3a caropesarse M TEMIepaType JIMMHOr Faca Ha M7aly |3 KoMope 3a

caropesarbe, AT, NPEICTABLA TEMITEPATYPCKY PA3IMKY BOJIE HA yiasy v usnasy, T,
npencTas/ba Cpefiby Temnepatypy raca a Tyoge, Cpe/uby 'rempa"lypy sone. Ha

Dcr:lcmy KOHCTAaHTH pHKkasamnx v TaGemrn 4.11, unanosu py, (n ) (a1, — ATM,]

Tigde

uMajy cynporan edpexar.

( (rm ) _'L) w3 jerrawmrHe 4.39 nocnemyjy spauerse, 10K 0CTay WIaHoBI
'3

Tabena 4.11 | Koxcrarre kopnuthene ¥ jenHaguum 4.39,

¢ & € & € 0 A

32283499 36441 -399.67 8198.92 1555 0215 -267997.93
Cy. Cy. Cy Cip Cyy Ciz

813151 -26.1 13377272 -2197.23 3.465 -18662.94

Kao onrumanHa yceojeHa je sapujaHra pyly u3 nea pasnora. [Tpen ce ogHocu Ha
MPEeTXOIHO MOMEHYTY MUHUMAITHY PasiMKy VKYITHOT TpaHadepa TOIioTe ¢a JIMMHOT
raca Ha KDTJ'[DBEKY BOOY, HOK C& ,U,PFI'H OITHOCH Ha ,[I;}‘m-l}l’ I!aTPGCTEJ'Ll—IE KEPBMHKE H
MoryRHOCTH YIUTeIe MaTepHjaia NprumKoM nibopa Haseaene sapujante. Ha Counm
412 npukasaHu cy pesyaTaTM HYMepHUKe CUMYJalMje onTUMaiHe BapHjaHTe.
[Mpuopurer je nat TeMnepaTypPcKoM NoJbY TMMHOL Taca.

Crrixa 412 | Peayrrrams CFD ooy i pije ormmasas e sapigarme py .
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Temmeparype IMMHOT Taca Ha M¥I1a3y M3 KOMOpe 3a caropeparhe Kpertane cy ce y
oncery o/ 425.26 o 549.42 °C. Camynaimje cy nokasaie fa ayxa nyTarmka, 0/HOCHO
AYAE 3a[pAaBabe IMMHUX racosa HajlloBo/bHUE yTHYe Ha TpaHodep Tolore y
noxumTy. s satpocranie kepaMuke je 71a pasnBoju yias raca o Ma’iasa, a ca
acrexTa Tpancdepa ToroTe je Horse /1a Gyzie no3MIMOHMpPaHa Ha MWIAIHO] CTPaHK
jep daBopusyje KoHBEKIMjY 1 3pauM ca Bpe/Ior Ha xiajiHujn eo, Takobe, cumynatge
cy mnokasaje fa ce Temnepatypa sopge nosehasa y npoceky on 9.79 po 2021 °C
MPWIMKOM pasMeHe TOIDIOTe YVHYTap KoMmope za caropesarse. Ha Cmmn 4.13
MpUKa3aHe Cy HeKe of1 BapHjaHTH Koje HeroBO/LHO VTHHY Ha Tpancdep Torore. Kog
BapujanTe pgly jacHo ce youasajy XiajHifje 50He Koje CV NOCIennia Jaker nosioxaj
yBaunor oteopa ropusor raca. 3a cse ocrane sapujanTe, pesyrrati CFD cumynamja
maTi cy v [Tpumory 1.

Temnepanypa [C|
1300
174

z

s58RE3ER

Comka 4.13 | Pesysmam CFD cnvty o, o) sapuijacia py 6, 1 G) sapwjatma pyly.
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422,  AHAJIM3A YTULIAJA ITOJIOXAJA YBALIHOT
OTBOPA I'OPUBOI TACA HA TPAHC®EP TOTUIOTE
CA JIMMHOTI TACA HA KOT/IOBCKY BOJ1Y BE3
YITOTPEBE BATPOCTAJTHE KEPAMUKE

VY mormaemy 4.2.2 aHanuIMpaH je yTHIA] pavIMMMTIX Nodoxaja yDaliHor oTeBopa
ropusor raca ua Tpamcdep Tomwiore, Ged ynorpebe maTpocTanne KepamMke,
AHATMINPAHO je YEVIIHO 3 KoMOMHaLIMja Koje o0yxeaTajy NeT pasiim=HuTiX TI010kaja
yDalMor oTBOpa TOPHBOT Taca, Kao mro je npukasano v Tabems 4.10. Ha Crvnin 4.14
upukasat je CFD mozien koMope 5a caropeBarbe, YKbYSYjylin u fetase o MOfeny u
rPaHMYHUM YCI0BUMA,

Ll plagcim fuivasa: =
Marspajan: s ra l

- Peda i npsrcac | atm Fpckatsinim s Inket

- Fpanetasinfi: Hopsasus na rpaviwase yoaoss [« 981 m®- 7} {ropeama fuch
Typfynees mogen. s Epsion l
BMoaen carcponmies; Moo Premoed Combioceion Tpaswrien yonon. dnlet
Mogsr spracrsa’ D {wigdm-damain hassd] - - [naagys 18 cof opeaasse]
[T T — —
yeno. inket
{ooua)
Cifiaacy doywsa
T pasisviian yosom
Churtlest:
[ampaias rac)
- —
| pismiian W SG0
Ot
i (LT
Sysien: THO e | [Usipeanac 30 mem |ibeigrimssa 303 | Bliasieiac 100 nsm
Pl main reponn | FOPMENIN § GAMOCY A TN Yoo Crarsesisst rpertvcan
Typhysmausie: Cpogpes |Maraaarer - 58} Ponarmmis npsivacan | = 0 Pa)
L] L] L] et L] AUREHEE] {lETanes tpavusion yengss Dutle {Baas)
Mpesssun: 13 mam - CHaTwisisn Pjwivacan
Bpoj oraopa: i Panarsniie peTRcan [ =0 Pa)

Maceni nporias [mopranan § Lanacy ma pesrsre yoam)
Typhynemunp: Cpeapee |{Muronarer = 5%|

t i ¢
Mlacism npoTon | opisanas y MeCy S TR S YOnoE )
Typtynosiigali: Cpo g [Humeaaror = ¥5)

Crmxa 434 | [Nipeacas CFD monena KOMOPE 3 Canopesa i VosyHyTYTU # 1emanne o Mopesny i rpanisHin
VCTRNTMA

4221.  PE3V/ITATM CFD CUMYJ/IALIMJA

Ha Cmum 4.15 npukasanm cy pesyaTaTi HyMepwsEIX cuMyranmja. Cruuynatmije cy
MCIIVHIWIE TIOCTARBEHH KpUTepUjyM KoHeepreHnmje (< 1x10+) v npocexy mano mpe
18750-1e wrepaumje 3a speMeHCKH e projl of oTiipuwiike 45 munyra, Ha Cnnn 4.15,
TAMHOITIABOM JTMHWJOM NPMKA3ZaHe Cy BPeAHOCTH YKYTIHOT Tpancdepa Tomore ca
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AMMHOr Taca Ha KOTIosCKY Bony aobujene CFD cumMynanmjama, 10K je /syOmgacTomM
MCITPEKMIAHOM TAuKAcTOM JIMHWjOM TIPMKa’aHa VKYIHA eHepruja yHemeHa y
noxvirre, OBe BPEHOCTH c8 MOTY OUMTaTH ca Jiese opauHare, Ha octosy pesyirrata
CHMYTalMja, CYIpOTHO MOYeTHUM OuMeKMBarbiMa, yrepbero je na majmoBorsHMjM
yTHlaj Ha Tpancdep TommoTe ocTBApYje BapujaHTa P (VOKBUpeHa 3natHoM Bojou),
KoL KUiE e ﬁﬂﬂﬂ)ﬂﬂj yﬁaanr OTBOPA FOpHBOr raca Halla3u Hﬂjﬁﬂﬂm Yiaaly KOTNOBCKe
pore. Oso ce moxe objacHiTi nopebersen TeMIepaTypeKkix noska HajIoBoIbHUE Ps 1
HAJHENOBO/BHW}E Py BApPUjaHTE (YOKBUPEeHa seneHoM DojoM), npukasade tHa Clinkama
416 w 417. Kpyuna pavmka nexn ¥ AUHaMMIN MeIlarka raca ¥ pacrioaend
resrepartype v noxkuinty. Ko HajnosorsHuje sapujaHTe Py, BPEiN rac oiMax Hoctesa
¥ xhnaiaH H|}‘ IOHY Y Grmm3uHN yiaia KOTHOBCKE BOJE, ITE JIOMUHHM Pa NHPEKTaH KOHTaKT
BPeror raca ca XIajaHusM nospuntHama. Ha taj nauun ce octeapyje Hajpefin Tpancdep
TOIUIOTE €A JIMMHOT Faca Ha KOTIIOBCKY BOAY W isHocn 1317643 W. 3a paanuky on me,
KOJ1 HAJHETIOBO/BHUMjE BapHjaHTe p; Fac 3arpesa 30HY Aa/eKo 0f1 y71a3a KOTIOBCKe BOJIE,
To snaun ga, 10 MOMEHTA Kaja Bper rac CrurHe o xiajnuje soke, on ce seh
HETIMMIYMHO OXTAIND, VOlefl Jera je TEMIepaTypia pavmka Mama. Kao nooreamia
TOra, VEyNaH TpaHncdep TOIIOTE ca JUMHOL Taca Ha KOTIoBCKY Bony n3nock 10365.49
W. Pawmmka nameby HajnososbHuMje W HajHeroBokHMje BapujanTe usHocu 2.8 kW,
Harne, v ogcyctsy saTpocraiHe Kepamuke wiocraje edpexar mymer sajgpiabarba
AMMHUX racosa, Ta je edwkactmja oHa sapHjaHTa vy Kojoj je ynas ropusor raca
MOIITNOHTIPaH Haj0Immke yasy KOTIOBCKE BOJIE.

ol PRETIAT RS TOSOHE | (R AL ET DTHOE TR rea =8 i rog|W i CFD W] = iy A HgE + 0P gp s W]

Arveessnsaressssnsarfpovantnsaresnssisarfpescovasarennsnacnrfyesnes .......-_....ﬁ_

e 1]

Ut O ga=0F v | ')
TR PO

EatdmEnae

O

C

DO AT Ty L e

10 g ™ "y 5]

nonds) Plagsor oTEDRD FODER0T TRCD y BDMOPY 18 CFTDERE | |

Crmka 415 | Pesyrrrama CFD vy nana,

Ha Cmian 4.15, npeeHom MCpekiiaHosM THHVJOM ITpHKataHe cy KOMFYMHHE TOTIoTe
KOje Ce 3paderseM [IPEHOCE ca [IMMHOr Taca Ha KoTIoBCKY oy, OBe BpemHOCTH oy
rakobe rmodujerie va nomoh CFD cumynanmja, v MoTy ce 0MHTATH Ca JIeBe Op/AlHaTE.

[Mpumenom perpecnone anamse y nporpamy Microsoft Excel [125], noGmjena je
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MaTeMaTHYKa jeTHaYMHA Koja OTTHCYje KOIMMUMHY TOIIoTe Koja ce ITPeHOCH 3paderhenm
y W ca mumHor raca Ha KOTIOBCKY BOILY, M TTIaci:

Qp reg = Co + 6y Py + 0y AT, + 25 AT, 00, (4.40)

npu 4emy cy ¢; KoHcranTe npukasane v Tabenm 4.12. Ha ocnosy koHcTaHTi
npukazarx y Tabem 412, ananosn p, 1 AT, 13 jemawiie 4.40 nocniewyjy spaverse,
AOK npeoctaiin wiad ATy,4, MMa cyniporas edpexar.

Tabena 4.12 | Koncrante kopumhene v jepnaunnn 4.40.

€0 L2 £z 3

5288.05 1574059 45.94 -318.98

Ha Cmmmr 416 npukaszamm cy pesyniraTi HYMEPHHKE CUMYyIalije HajlioBo/bHMje
BapujaHTe p;. [lpHopuTeT je marT TemmepaTypckoM noky auMHOor raca. Ko
HajlIoBo/LHMje BapujasTe, YOaLHM OTEOP FOPUBOT FACa NOIMLMOHMPAH jé Hajlake 0f)
MAIa3a raca u3 KOMOpe 3a caropesatbe, Kako Ou ce oBesbeinio 1o0BO/bHO BpeMeHa 3a
TpaHcdep TOIUIOTE Ca Faca Ha KOTIIOBCKY BOTY.

Crnxa416 | Peyrmrarn CFD conyiatnge HajiioBHITE BApHjaHTe ps,

TemmepaType OUMHOr Taca Ha MVIAY 113 KOMOpPE 33 Caropesarse KpeTaie cy ce y
oncery o 4325 no 498.19 °C. Cumynanuje cy nokasaie [la ce Temrieparypa soje
nosehana y npocexy ort 10.84 10 16.13 °C nprrmkoM pasMeHe TOIUIOTE €a AMMHOT raca

yHyTap KoMope 3a caropesarbe. Ha Crimn 4.17 npugasatu oy pesynTaTit HyMepitKe

2}
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CHMYJTIaliMje HajHeroBOTbHMje BapujaHTe p;. 3a cBe ocTane BapujanTe, pesyiratn CFD
cuMynatpja natu cy y Tpunory 2

Crnka 417 | Pesyrrramit CFD casynarije HajHenosasHUE Bapijaime .

423. AHAJIM3A YTULIAJA YIJIA [1OZ] KOJUM JE
TOCTAB/BEHA BATPOCTAJTHA KEPAMUKA HA
TPAHC®EP TOTTIOTE CA IMMHOT TACA HA
KOT/TOBCKY BOILY

YV nornaesy 4.2.3 ananmampad je yTHIE] yIia o/ KojuM je 1oCTaBbeHa BaTPOCTalHa
KepaMuKa, Kao M IyAUHa BaTpocTaiHe Kepamuke Ha nobominame Tpancdepa
TOIUIOTE €A JAMMHOT Taca Ha KOTIOBCKY Boay. 3a nonomaj y0aiHor oTeopa ropusor
raca p, (Bugern Tabeny 4.10) amammaupano je yxymao 18 xomGumamtja xoje
obyxpaTajy 7 pasmuiTHX VITIOBa M0/ KOJUM je MOCTaBbeHa BaTpocTalHa KepaMuKa y
OIHOCY HA MOAYKHY OCY NOAKMIITA M TP PasiMUuTe Ay KIHE BATPOCTA/IHE KepaMuKe,
Kao 1ro je npurasaro y Tabenn 4,13,

Tabema 4.13 | Yruosu nog Kojum je nocTasbeHa BaTPOCTallHA KepaMuka ¥ OJHOCY Ha
MOIYAHY OCV TOXMIITA M 1YANHE BATPOCTAIHE KEPaMUKE,

Vrao nojt kojim je nocrawseHa saTpocTania kepavnga (ap)  dyaxuna sarpoctanse xepasmke ()

a=0" 1y =250 mm
a=5" lz = 375 mm
g = 10° 15 = 500 mm
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oty = 15°
a5 = 22.5°
= 30°
oy = 45°

Ha Crmun 4.18 mpukasan je CFD moniest komope sa caropesarse, viobyayjvhmi u nerame
0 MOIE/IY M FPaHMYHUM YOIOBMMA,

Lietame ofi ATt vl
Muarepajan [lamie mc

Pregepeanin petencas: § atm TipasiiHi yenon - indet

« TpeEvaimja; HOpMAmE Ha [pakisiee yoaoss [= -5 8L ma*-2) {roupeimn rac)
Typlynewtian woaen. oL psilon
- Maaen caropessiear Non-Premoesd Combustion T paiiia yLAoE: nlel
- Maaen apaarsia: 0 waggm-domain-based) - —  (Baniyy T CArTEna ]
e - a—
e et
{naal

T e DifinaT gayana
=
BaTpocTaned nepassin . a T priviapidiant W noE:
[noryei iy 500 Dutlet
[T EEE |
-
— Ty
| pisbipndiont yii:
mithel
LeTan IERIMYHOT YENOD ipbel ([ gome 1ac): LT (paHIHor yonana Cutlet s rac): [LEER
ﬂIMI‘ 180 e | Wllwgaiia: 30 mim Ildwipnimiea: W03 iwivi ; Becidiea) 100 mim

- Maceus NpoTos (SOPMARIE Y EOCY 153 TR oo |
- Typlynenunje: Cpemer (Wiresurer = 5%}

BT O YORE batet (A b Cal piathe]
Npesaimi: 12 mim

- o) ormopa §

- Cravess nparacal
Pengrmman nparmca | = 0 Fa)

STt (pasewior yenoas Cufiel (Boma):
CTaTenig NpETACaI
- Penarmnae npaiwcan | = 0 Fa)

- I i MO [SICEAE RS Y TMISNOTY M3 TRaHEsE yONG )
Typliynesiijafe: Cpegine [Mamedsne = 55|

I | il E
bacekii IHOTON {R0giManasl ¥ ORHOCY HA T PassmiEE Yenon)
Typly g CHede (MimEmTeT « 5%)
Cmsma 418 | Hipeaas CFD sanesm xOMOPE 5 caropeis e VICLYHYTY U 14 18Ta00e 0 Moaesy i rpars sian
YCIOBHMEL

4.231. PE3YIITATW CFD CMMYJIALIUJA

Ha Cmim 4.19 npukaszasm cy pesyiraTi HyMepHHENX cumynanja. Cisynanmje cy
MCTIVHIUTE ToCTaRbeHM KpuTeprjym KoHseprednmje (< 1x105) y npocexy mano mpe
14800-re wrepaumje 3a spemenckn nepuopn o 35 smmyra. Ha Conmnm 419,
TAMHOIUTABOM [IMHUJOM NPUEA3aHe Cy BPEIHOCTH YKyNHOr Tpancdepa tomiore ca
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AMMHOr Taca Ha KOTHosCKY Boay aobdujene CFD cumMynanmjama, 10K je /syOmgacTomM
UCTTPEKWIAHOM TadKacTOM JIMHWjOM TIpUKasaHa VKYIHa eHeprija yHemeHa vy
noxumre, Ose BPe/HOCTH C8 MOTY oMMTaTH Ca Nese opiunare, Ha ocrosy pesyirrata
CHMYTIalMja Kao HAjIoBOEHM]E, €A acnekTa TpaHohepa TOIDIOTE, MCTAKIIE CY e IBe
papujanTe (a;l; v azly, yoksupese inaTHoM Gojom). BpenHocmu ykynHe KommdiHe
TOIVIOTE, KOja ce PeHOCH Ca JIMMHOT FAca Ha BOJLY, C8 MUHUMAITHO PasiMKyjy 3a ope
nee apujarre, n Kpeliy ce v oncery ox 12445.51 no 12477.33 W. Koa racudmkamronmux
KOT/II0BA TOPHBI [AC MOKE jla Caapiu BelMie Komumbe Tepa. Japan viasajarsa
HeCTHIIA KOje CTPYja TOPHBOT raca Hocu ca cobou 13 3o1e racudmKalvje, KepaMuka ce
HECTO MOCTABbA MO VITIOM ¥ OIHOCY Ha HOMyKHY ocy jtoxomrra. 30or Tora ce Kao
OITHMATHA BapujaHTa Yyceaja apl;, KOO Koje yrao mojg KOjUM je T0CTaB/beHa
BaTPOCTAIHA KepaMMKa M3Hocu 5° a IyAHHA BaTPOCTAIHE KepaMuke nanock 250 mm.
Hajuenososhuje sBapujadTe ce Takobe mory supget ca Cnuke 4.19 (yoksupene
3eneHom Bojom) 1 03HaueHe cy ca a-ly u agl,. Kao i y mperxogHoM ciyuajy, 1 kuxose
BPEIHOCTY VKYITHE KOIWHIHE TOIUIOTE Ce MMHIMATHO pastukyjy, n kpeliy ce y oncery
on 11148.66 mo 11155.03 W. To 3zmavu ga je pammka wsmeby HajuoBo/bHUjE 1
HajHenoBo/kHEje BapijanTe 1.33 kW,

I Qywpng paTpocTRane epavisn [mm| e Or reg (W] il DFD (W] s ofds WbigpeOFgg+0F e (W]

BoveafyraaByesaferogheesspesafperafeceocaglernnBprenfyeceecelocegoccafpenefpane

= "

Or_reg, Q_CFO, L.I'Ii‘A!':mﬁ-IJth‘wl

AFMAER BATROCTAnme wepasisie [mm|

G B-G B-0 g L N N

| ' 0= 8 | ' | ]
™ ; It :
I~ &1 o 2@ ©- & L g o0 °
i o* e 5 5 5 1wt w10 15 15%  15* 225% 2250 225" 3t ¢ 45

YPEE PO MO AR | OCTR RS BATROCTRN s aEp o sie 7]

Crmka 419 | Pesyrrrams CFD vy nana,

Ha Crinn 4.19, upseHom McpekuiaHoM JTIMHWjOM NPUKasaHe Oy KOIMWHIHE TOILIoTe
Koje Ce 3paderbeM [IPeHOCe Ca JIMMHOr raca Ha Komioscky souy. Ose spegHocri cy
rakobe rmodujerie va nomoh CFD cumynanmja, v MoTy ce 0MHTATH Ca JIeBe Op/AlHaTE.
ITpumeHom perpecvone asammse vy nporpamy Microsoft Excel [125], nobujena je
MaTeEMaTHYKA jefHaMHHA KOja OIMMCYje KOMTHHAY TOIUIOTe Koja ce NPeHoCH 3paderhenM
¥ W ca amHoOr raca Ha KOTIIOBCKY BOIY, M IIRACH:
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Qrreg =ty l+es-a+ca BTy +¢yAlpaqe + 65Ty, + €5 Togae, + 6
AT, +* T\ 4.41
g ) +Cs'( g5 ) (4.41)

Tmﬂt vodey

npu Hemy | NpejicTaBba yAUHY BATPOCTa/lHE Kepamiike, @ MPe/ICTaBba yrao moj
KOJHM je MOCTaRbeHa BATPOCTAIIHA KePaMHUKa Y OIHOCY Ha MOy AHY OCY IOMKMIITa, a
¢; NpelcTambajy KOHCTaHTe npukazade vy Tabenm 4.14. Ha uu-:nn}r KOHCTAHTH

npukasannx y Taberm 4.14, wnavosn [, a, ATy, e, Ty, (Mm) u3 jernaqune 4.41
MOCTISITY]Y Spaterse, J0K 0CTali WIAHOBK MMajy cynpoTaH edexar.

Tabena 4.14 | Koncraure kopmnhiene y jeaHaunnn 4.41.

L] €y L ] 3 Cy £y Ca £y Ty

30304 12385 123573 10387 429695 44855  -197342 0457 -144.388

Ha Cmuim 420 npukasadi ¢y pesyimaT HyMepiuke cuMylailifje onTuManHe
sBapujaHTe ,l;. [lpuopurer je nar TeMneparypckoM noky guMuor raca. Yrao on 5% y
cymTHeN He haBopiayje konseknujy, seli 3paverse. Y oBoM cTyHajy MOBOIBHO je IOTO
je KepaMMKa HaTHYTa Ka BpaTHMa, jep ce Ha Taj HauiH YecTHIIe | NeNeo HaroMIaBajy
VIIPago y theHo] BiinsnnHn,

Temneparypa [C]
1328

1207
ey

Crora 420 | Pesyrrrari CFD crmynmige cnrimal e sapjare @ol, .
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Temmeparype DMMHOT Taca Ha M3y M3 KOMOpe 3a caropeparhe Kpertane cy ce y
orcery og 386.41 no 4456 °C. Cumynanuje cy nokasane pa ce Temueparypa sope
nosehasa y mpoceky o1 16.08 110 17.55 °C npiiamMKoM pasMeHe TOIioTe ca JIMMHOT raca
yHyTap Kosmope 3a caropesarse. Ha Covmnie 4.21 npukasarm oy pesyirrati HyMepirHke
CHUMYTIALMjE HAJHETIOBOJLHUjE BapujaHTe «sl;. Moxe ce npusmermTu na je
TEMIIEPATYPCKD M0/be HeMOBO/BHUE jep ce jaB/bajy xlajiHe 30He MCTojl BaTpocTaiHe
kepamuke. Takobe, crpyja yiecro , Desxku KpaTKoM Be3oM” 1 He 3ajpaKasa ce [0BO/bHO
ayro fa G ce ocTBApIIA pasMeHa ToroTe. 3a cse ocrane sapujadre, pesysrrarn CFD

cuMynaipja gatu oy v [pwory 3.
vemneparypa [

1327
I 1207
1086

866
B45

RE822R

Crmxa 421 | Pesyrrrama CFD oy raije HajHenosobHe sapiganme axl;.

4.24. AHAJIM3A VTULIAJA PACTOJABA BATPOCTAJIHE
KEPAMUWKE O]1 3W1I0BA KOMOPE 3A CATOPEBABE
N AHAJIM3A TTONOXAJA YBALIHOI OTBOPA
rOPMBOI TACA HA TPAHCO®EP TOITVIOTE CA
AVMMHOI TACA HA KOTJIOBCKY BO1Y

V nomaesy 4.2.4 ananusupad je yrullaj pacTojara BaTpOCTATHe KepaMuKe 0f1 311083
KOMOPE 3a caropesaibe, Kao 1 nonokaj yialHor oTeopa ropuBor raca Ha Tpascdep
TOIUIOTE ca JMMHOT Faca Ha KOTI0BCKY BOfTy . AHanM3upaHo je yeyrHo 6 koMOmHaja
Koje obyxBaTajy 110 /183 paz/IMMUTa PacTojarka BaTPOCTAIHE KepaMuKe ca obe cTpaHe
KOMOPE 33 Caropesatse 1 TPY pasiimynTa nosoxkaja yGaiHor oTeopa ropusor raca, Kao
mro je npukasano y Taberm 4.15. Kombuwmauuje cy osuadene v obmmry pd; B
[Momnoxkaj yGaunor orsopa ropusor raca sapupa v pacnony o 300 go 600 mm ca
kopakom of, 150 mm, pacTojarke BATPOCTATHE KePAMMKE o7l JIeBe CTPaHe KOMOPe 1a
caropesathe sapupa of 150 o 200 mm, ok ce o1 iecHe cTpaHe KoMope % caropesare
kpehe y pactiony o 50 g0 100 num.
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TabBena 4.15 | Pacrojama sarpocranme KepaMuEe o THI0BA KOMOPE 33 Caropename o
noao#aju yhauHoT OTEOPA FOPHEOD TACA ¥ KOMOPY 38 CArOpeRa:e.

Masoxaj yaumior Pacrojaree BaTpOCTA/IHE PacTojare BaTpOCTAIHE KepaMitke
F (1) KEpPaMIKe 011 /1eBe CTpaHe QI [IECHE CTPaHE KOMOPE 33
i iied KOMOPe 3a caropenathe (A, ) carpepatse ()
Py = 300 mm Ay = 150 mm By = 50 mm
P =450 mm Az = 200 mm B, = 100 mm

Py = 600 mm

Ha Cmiammia 4.22 npukasas je CFD Mopen KoMope 3a caropepae, VEosyuayjyhin u netase
O MOIEITY W FPAHITTHIM YCIOBIMA,

Mg ofingd ng ginywlp: il
Phatopean;, [asem Fac
P grissiTias npatscas: 1 alm I prasmnain oo ket
- T panstayja; Hopmanua B3 rpseseses yoaose (= -9.81 mat-2) [rapiie v
Tppiynsdtim sogen u-Lpaiion
Moneas caropsaaiea: Non Premised Combiustion
; 1 T yonos: inlel
- Mopes spasness; DO (waggm-domain-bass) - - {maxmy 33 coropeanee]
[paminss = Wi ——
wenan: Inlet
[mana)
BATROCTANS Srgassieg
E a
P . I~ (nopywiym 90) s | T
il
if
[pavarans oo
Ouklet
OinacT gnyaaa | it iz}
—
— —_—
Tira et mmn yiom
Cuthet
it i i i [wovaa)
- Mysnsiex. LA mren | Lliapasea: 30 man - Whiapusiea: 30 mim ; Bacwsa 100 mm
Mldtevin MPOTON (HODEAREIN Y oIsey sl il yeaon) ot tubaid fprTwcas
Typlymeipgn. Cpeayee (Miressmer = 5%) Benarnui mpsrtsscan [ = 0 Pa)
derames rraTHRL yenosa et [y aa caupesamel Herana masseenr yeoona Qutlet (lona)-
Npesamo: 13 mm CIATHMERIS TEATHE a
Tigro| oTmopa B Benaraniia npemeca | = 0 Paj

A Erist NPOTON [HOPMAREN ¥ CURISOCY Wil Eamsrang yLA00]
Typlryaeiiange: Cpejies [Minesrer = 5%)

Detanm rpasmysn vonosa nlet [foaal:
Whacesim pOToN [OpMInaE § OG0V I8 TRAMHE yraos)
Tymtiyackigaie: Cpebe (Marenmer = 5%)

Comnxa 422 | Tpsmas CFD movieria Komope 5 carpesa e Viosy sy o 1erame o Moy i rpasismHm
VIO
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4241.  PE3VIITATU CFD CUMYJIALIU]A

Ha Crmmri 4.23 npukasamt cy peIyiimaTi HyMepHHEx cuMynaija. Crauynampje cy
MCTIVHIUIE TIOCTaRbeHn KpuTepujym Konseprediije (< 1x10#) v npocexy mamno npe
12900-te wrepanuje sa BpemeHckin nepuof of ornpuwiike 30 smaayta. Ha Cogige 4.23,
TAMHOIUIABOM JIMHUJOM HPMEKA3aHe ¢y BPEHOCTH YKyIHOU TpaHcdepa Tomiore ca
OHMMHOT Taca Ha KoTinoecky Boay nobujere CFD cumymanmjama, 1ok je ssydimacrom
MCTIPEKMIAHOM TAYKACTOM JIMHMjOM TIpHMKa3aHa VKYIIHA eHepruja YVHelueHa y
noxcnTe. Ope BPe/IHOCTH €8 MOTY OUMTaTH ca Nese opauHare, Ha ocHosy peayirara
CHUMylALMja Kao HajloBo/bHMja, ca acniekTta TpaHcdepa TOIDIOTE, MCTaKIa ce
BapujaHTa ostadeda ca pyA; By (yoksupena wiatrHoM Bojom). [Momenyra sapujanra
ocTBapyje Hajpelin Tpatcdep TONIOTe ca AMMHOT Taca Ha KOTIOBCKY BOOY M M3HOCH
13176.43 W. by kapakTepuile nosioaj ybauHoOr oTBopa ropUBOr raca Koj# ce Hanasn
Ha CY [IPOTHOJ CTPaHi 071 Y/IACKa KOTIIOBCKE BOJIE, KAD M Makba PacTojatha BEATPOCTallHe
KepaMHKe 071 3I0Ba KoMope 3a caropesarbe. Takobe, ca Crmxe 4.23 momke ce suneTn
M HajHelloBO/BHUja BapujaHTa (pyA;B,, vokeupena senenom DojoM) koja ocreapyje
HajMmars i TpaHcdhep ToroTe ca AHMHOT Taca Ha KOTIOBCKY BOIY Koji 3Hooun 11670.7
W. OBy sapujanTy Kapakrepuiny Heinro seha pacrojarsa BaTpOCTAIHE KEPaMUKE 071
IMIOBA KOMOPE 3a CAaropeparse, a TO 3Ha4H [a je OyKHHa BATPOCTAIHE KepamMuKe
HewnTo kpahia y ompocy Ha HajloBo/sHUjY BapujadTty (pazmika 100 mm), kao nnonosxaj
yBalHor oTBOpa TOPUBOL Taca KOji ce Halaiu Haje/oKe yialy KoT/IOBCKe BOJIE.
[Mopeberes BpeHOCTI HAJHIOBOBHME W HAJHENOBOILHWjE BaPHjaHTE, J0Ia3HMO 10
aKIbYUKa 114 je pasmka 1.33 kW,

=1 B aawoc = 0 ey [W] o ol s Ubigp Ol =0 W)

#.- LT u;..ﬁ-. ............. ‘l“.llanllllhd‘ldLlaan.l-ddla.l.aold ulaldi&bdd semnn »-u.u.-uﬁ

A g

I (g O3y W]

B-:-._.___“_,:-.-ql-o-..

By il Al e i A Ped iy Iy Ty By

ERRETHEMA NEACHE) PDBURD OrEsEE FueBnn (S08 ¢ RDAWODY I8 [ENPe Rl

Cronxa 423 | Pesyrrrama CFDY oy natma,

Ha G 4.23, upseHoM UCIpexmilaHoM JIMHUJoM NPUKajaHe Cy KOMWHHHE ToILoTe
Koje ce IpaderseM [PeHoce ca IMMHOr raca Ha KoTioscky somy. Ope Bpernsocri cy
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taxobe noGujene v3 nomoh CFD cumynaiija, 1 Mory ce ouMTaTH ca Jiepe OpAMHaTE.
IMpumeHoM perpecuoHe aHanule y nporpamy Microsoft Excel [125), noGujena je
MAaTEMaTHHKA jellHAYMHA Koja OIHCYje KOMMHIUHY TOIUIOTE KOja Ce IPeHOCH 3paderbem
v W ca muuHoOr raca Ha KOTJIOBCKY BOIY, M I7Iaci:

B
Qr;u=cﬂ+c1'H""f-'z‘ﬂr*ffg'ﬂrg'l-ﬂq,'-ﬂfm (4.42)

npu"emy B/A npencrasnsa o/IHOC pacTojarka BaTPOCTAITHE KEPaMUKE 071 /IecHe U JieRe
cTpaHe Komope sa caropesare. Koucrante ¢ kopmuhene y jensaunan 442
npuxkazane ¢y y Tabemn 4,16, Ha ocnosy koncrammn npukasamix y Tabermn 416,
wianosu AT, u AT, 4, u3 jennawne 4.41 nocrentyjy 3paderse, 10K OCTATN 9IAHOBH

umMajy cyrnportan edexar.

Tabena 4.16 | Koucraure Knpnmheue Y jensaunnm 4,42,

Cn 6 Cz O3 €y

10756.88 -2426.87 -2308.37 2491 7431

Ha Crmuir 4.24 npukasadd ¢y pesyiTari HyMepuuke cUMyJialije HajliosobHItje
sapujante p; A, By, [Tpuopurer je nat Temnepatypekos norsky AvuMHor raca. Bapujanra
pA; By osmoryhasa jiyxe sajipskasaibe [MMHON Taca ¥ KOMOPM 33 Caropesamse, W y
KOoMOMHALIMM Ca acCHMETPUYHIIM Pa3MaKoM BaTpocrainie kepamuke (4, B, ) omoryhasa
HajechuracHMji1 Tpancdep TONIoTe ca AMMHOT raca Ha KOT/IOBCKY BOZY.

Cma 424 | Pesyrrrama CFD oy e ajnosorsnte sapigasme py A, By
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ACHMETPUYHM pa3Mak BaTPOCTalTHE KepaMmuke Koj sapujanre py A, B; omoryhasa
paBHOMepPHH]Y TemrepaTy peky pacriofeny. TemmnepaTy pe JIUMHOP faca Ha Manasy us
KOMOPE 3a CaropeBarse Kperase cy ce y orcery o1 382.18 10 450,03 °C. Cumynaumje cy
NoKasasie 1a ce remneparypa soze nosehasa y npocexy on 14.96 no 18.22 °C npumimkom
pasMeHe TOIUIOTE Ca JIMMHOT raca YHyTap koMmope 3a caropesarse. Ha Cmmn 4.25
NPUKA3AHH €Y PesyiiTaTh HyMepuuke cHMY/aluje HIjHeNoBLHUE BapujaHTe
Padz By Moxe ce npuMeTiTIit 13 je TEMNEPaTYPCKO 10ILE HENOBO/LHMjE jep ce jasba
xJ1a/Ha 30Ha Mcnoz aTpoctante kepamuke. [pobiiem Hacraje jep crpyja koja ce kpehe
YAEeB0 OITHHMHO Ofaje TOIDIOTY, 0K CTpyja yaecHo ,Dexn KpaTkoMm Bedom” ¥ He
3ajpaKasa ce 0BO/BHO IYTo [la D1 ce ocrsapiiia pasMeHa Torviore. 3a cse ocrane
eapujadte, pesyararu CFD cumynanmja matu oy v Hpunory 4.

Temneparypa [C]
1324

1202
1081
| 959
| B37
715
593
472

350
228
106

Cmxa 435 | Pegyrrrama CFD conayrmn e HajHeroso ke sapijae pyA B,

425, AHAJIV3A YTULIAJA BATPOCTAJTHE KEPAMMKE Y
OBITMKY ,KYTHJE“ HA TPAHC®OEP TOIUIOTE CA
IUMHOT TACA HA KOT/IOBCKY BOIY

V nornasmsy 4.2.5 anamusupan je yTilaj saTpocTanHe kepamuke y obnmky |, kytuje”
Ha TpaHcdep TOWIOTE ca IMMHOI Faca Ha KOT/IOBCKY BOAY. 3a noioxaj ybaunor
oreopa ropusor raca py (supern Tabeny 4.10) amamowupano je ykynuo 24
komOuuanmja. 3a fase pasrmdure neb/puHe BaTPOCTA/IHE KepaMHKe, aHaM3pate cy
[0 /1Be paviMuuTe BUHCHHE, [ABE PaiiHaUTe MIHMPHHE M TPU PailuHMHTe AV:KNHE
BaTpOCTallHE KepaMiKe, Kao wTo je npukazaHo y TaGemn 4.17. KomGuuaimje cy
osHauveHe y obmky dytl;, Ha Crounm 4.26 npukasad je CFD mopen koMope sa
caropesarbe, YRbyavjviin v netase o Moneny v rpaHiHHIM VOIoBMa.
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Tabena 4.17 | Pasnuuure geb/eune, sucuHe, IMUTPHHE W IVAHHE BATPOCTAIHE KEPaMHUKe
kopuiihede v HyMepHUKHM CuMylaliMjasa,

B;I:[T;ﬁi:;:i.EE BIECH.H-‘! W'PLETHJII-IE LI.IHPHIISI. Iﬂ‘rpl‘l{:‘l“r:l_'ﬂ-!l! ,u,ll'.'l'.ﬂ Ha n'rpnrra.rum
sépansoe (d,) kepamuke (fy) kepampke (t;} kepamuke (1)
dj = 25mm ky = 150 mm ty = 180 mm Iy = 300 mm
h, = 200 mm t; =230 mm L = 450 mm
Iy = 600 mm
dy = 50 mm hy = 200 mm t, = 230mm 1}, = 300 mm
hz = 250 mm t: = 280 mm b = 450 mm
L = 600 mm

M Temajan: [ e
Pedepesimie npsracas” 1 atm T pasearm yoaoi: inler
T pasETauAfa; Hopsanki i iparsame yoaoss [» <981 mat-2) {ropeen rac)

- Typliynestun sopen: o-Epsilon

Mogen caropendiod; Non-Premized Combuastion lpasiaidn yonom| inki

Mogen spaieiia B0 (waggm dosmabn hased) — [ RANAYE 3 CATOpIBANE]
[T T — il
yaon: Inket Heran A
(eona} |
! | Batpoctamia sepase A gty
all gy B}
il 41 i CHERZCT dinyvim :
\ T s Hy yonos:
] O et
= - Lnsesani rac)
s
—_— —
Tpasmee yriog
Ot
LA FPAWRIOT VCAOES IAEL T opmne rac): BTN DO YO0 Cutlet (s 1): (eopa)
- Mysenwia: 180 mm | [apuaz: 30 mm - WWmpwia: 303 mim ; Beecmaa 100 mm
BASCEwM IROTON [ISOPMANEH Y OII00Y W3 TRAHEHA YONom) {23 sapujanre dahy pecesE wakocon: 53 mm}
- Typlynedusje: Cpejpss [(Wimenamer = 5%) - CTEATHSRA TfMTHERK

PenareEis npaTecas | = 0 Pa)
Aletan [paHwsHen yonosg bnled [BE0ye 38 catopetame)

= Mpeisionc: 12 mm Aleranas moissenor yonon: Qutlel (Bona):
Gpoj ofRopa: B CTATWAIA NETHCEN

- BarTsEs MpOTOR [BONWANET { OE0CY HE TS A YOoR) Fenurumin npunscan | = 0 Pa)
Typty! o Cpe gyt | 1o = 5]

et [naenor Yomesa Inlet (Hoga):

PRaciii NpeToe [MOpMa s § ORNOCY b TRaeme yeeei)
Typlyasuiuuje: Cpegne (Mmeinrer = 5%)

Comka 426 | Tprxas CFD mouera KoMope 3a Caropesa e yRBYSYTy I 11 1eTasme o MOogesty i rpaHisHms
VCIDBHMA
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Panwu jacHujer mpukasa, feTa’k A ca MPeTXO/IHe crike npukasaH je #a Crmar 4.27.

Tpaswarn yenos: inlet
{ropuan rac)

BaTpocTansa HepamMuia
| oy 20)

Cronxa 427 | Morpear tpecex. CFD sopgerm skosope 51 canopouat.e,

4.25.1. PE3YIITATW CFD CMMYVJIALIM]A

Ha Chver 4.28 npukasasy oy pesyarary HyMepudkux cuMytanmja. Cumynanmje cy
MCIIYHIUIE TIOCTaRBeHn KpuTeprjyM Kouseprennmje (< 1x104) y npocexy mano npe
18100-1e wreparmje 3a speMeHcKH nepuor o otipimike 45 sunyta. Ha G 4.28,
TAMHOIUIABOM JIMHUOM NPUKA3aHE CY BPEIHOCTH YKYIHOr TpaHncdepa Tomore ca
AMMHOT raca Ha Ko1/10Bcky oy aebujene CFD cumynaumjama, 10k je myGrmacrom
MCITPeRIaHOM  TAadKacTOM JIMHUJOM  [TPpHKasada VKynHa eHeprija yHemeHa y
nomvTe, OBe BPefIHOCTH C8 MOTY OMMTAaTH ca nese opauHate. Ha ocHosy peaynrata
CUMYJIalMja MOXKe C8 3aKby4rTH [la HajlloBobHIjM VTUMUA] Ha Tpancdep Torore
ocTBapyje sapujaHTa o3HaveHa ca dyhyt,l: (yoksupeHa snardom Bojosm). Tlomenyta
BapujanTa ocTeapyje Hajpehin Tpancdpep TorioTe ca AMMHOT Taca Ha KOTIOBCKY BOIY
u visHoon 13337.56 W. thy kapaktepurie mamsa nebsiHa, Beha BicHHA M IIMPHHA, Kao
i Hajeelia myauHa BaTpocTantHe Kepamuke. Takobe, ca Ciiike 4.28 moxe ce Bugett n
HajHenosobHUja BapujanTa (dyhtyly, voksupena senedHom Dojom) Koja ocrsapyje
HajMarsu Tparcep TorIoTe ca JIMMHOT raca Ha KOT/IOBCKY BOJY Kojit u3toc 11864.18
W. Osy sapujanTy KapakTepuine Maiba gefibMHa, Marba BUCHMHA W IIMPHHA, Kao ¥
AYAMHA BaTPOCTA/THE KePaMMKe Koja M3HOCH NpubmoEHO Y2 IVHKHMHE JIOMMINTA.
IMopebemesm BpeIHOCTH HAjNOBOILHUjE M HAaJHENOBOEHIE BapHjaHTe, [OIA3MMO 10
3aAKIbYUKa [1a je paznka 1.47 kW,
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PRSATE Ge  ERAN Wisaeee = O ey (W] sl CFD W] ooe U0 Fg v OF s W]

By e fsen gl s s gl oo sl cfionatlyon gl s s ool o glis e s e nal v ghis o e gy oo o oy sl on

A L

Z um ¥
~or 1 | '\°|r | § @ .‘Ta T *-“.ﬂ‘-'ﬂ
‘ | ‘ | I

gl W e S T A e o T e o R I N e ot e N e T T i e Y

& q.p—m‘.n.ilﬁi.n.

dy = 1% frm] iy = 50 fmm] iy = 15 frem| iz = i frem| #. = =I5 jron] ;= Bl ] o = Tl 3 = Nl ||

Wit (kT SR, G, sehDans o s ana BITHTTTANSS ssPamnne

Crnxa 428 | Pesyrrram CFD cavy naga,

Ha Cmiamir 4.28, npeenoM MCIIpeKiiaHoM JIMHIOM DPUKalaHe Cy KOMMHMIHE TOIUIoTe
Koje Ce 3pauerbeM MPeHOCe €a MMHOr raca Ha KoTioscky Boiy. Ose BpetHOCTH CY
rakobe notujere v3 nomoli CFD cumynanyja, u MOTY e 04UTaTi Ca Jiese opjHaTe,
Ilpumenom perpecnone asamme vy nporpamy Microsoft Excel [125], noGujena je
MATEMATHHKA JeHAYIHA KOja OTIUCY]e KOITHHHY TOIUIOTe Koja Ce IPeHOCH 3padethen
y W ca muMHOr raca Ha KOT/IOBCKY BOILY, M ITIACH:

h AT, A2
Qrreg =Co+ 0 'Ir+fz'?+ﬂ'3'ﬂTg+f4'ﬁdee+fs'(M—g) + Cq
vode

T ;
' (ﬂTg = &Tpndg)z + E? - (T = ) + CB t (T}Ll — Tpaﬂps)z + C|_:|

vode;

AT, 4° . N \
. (ﬂ.T gq ) T (T E: ) e (Tg” T ""de.t} + 6y
rode voey

AT, \* T X
k ( 7 ) + - ( By )
ﬂ'de'e : Tl.i[ll:ft's

npi wemy h/t npencraska OgHOC BHCHHE M IMMPUHE BATPOCTAIHE KepaMiKe.
Koncranre ¢; kopumhese y jensaunsn 4.43 npukasane cy v Tabemu 4.18. Ha ocrosy

(4.43)

it AT, 32 R
KoHcTanTH npurasanmux v Taberm 4.18, wnanosu 7 ATy, AT, pger [ﬂ-?ﬁ} (ﬁ) ’
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ary 3 8 f e A .
(—'L"m') o(Tp = Tode,) ™ (r—“—m!’) 13 jerHaynie 4.43 nocrenryjy spaderse, 10K OCTaim
QIAHOBKY MMajy CyTIpoTaH ederar.

Tabena 4.18 | Koucraure kopuihene y jegHaunnn 4,43,

Ly €y £3 (2% Cy g t
-1433898 -B00.687 ‘239.005 B.065 353.769 121798 -0.094

Cr Ly =] Cin Ciy Ciz Gi3
1481990 -12.183 3104 6259926 0.023599 -0.2054 71577.172

Ha Crmymn 4.29 npukasany oy pesynTaTii HYMEPIHHEES CUMYTIatje HajioBorkije
sapujanTe d hyt, 15 [Ipropurer je gat TeMnepaTypokoM morky gumMHor raca. 36or sehe
AYXKUHE BaTPOCTalHe Kepamuke, BapujanTa d,f,t,l; omoryhasa myxke sanpxasarbe
JIMMHOI Taca y KOMOpM 3a caropeBawe, a v komOGuHaimjir ca sehosm BucHHOM 1
IIMPUHOM BATPOCTATHE KePaMIKe MOcTivke ce HajedhukacHmnjn Tpancdep Tornore ca
[IMMHOT Faca Ha KOT/IOBCKY Bory. YoreHo je na ce Hajedhuracumju Tpancdep ToruwoTe
OCTBapyje yoiie 3pavuerba of KepaMHKe, Kao M OfI MTOr ITpocTopa Koju ce cTBapa
uimeby kepamuke y obuKy ,KyTHje” 1 KoMOpe 3a caropesarbe, InTo nosehasa Bpsuny
raca, a Tume u konsekumjy. Lws sarpocrante kepamuke jecre j1a noseha Gpsmny raca
Ha OHOM MECTY TTIE HajXTa/THU]I Tac M3Ta3u 13 JIOKMINTA, j€p Ha Taj Ha9iH 10T PUHOCH
Tpancdepy Tormore.

Temnepanypa ic]

1337
I 1216
1095

ar4

Conra 4.29 | Pesyorram CFD oy e HanososHige sapugarme dy hyaly.
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Ha ocuosy pesyntata cumynaumja, sapujanta dyhytyly (nymio seha pebmuna
BATPOCTATHE KepPaMUKe) OCTBAPYje HEIITO HILKH TpaHcdep TOIIoTe ca IMMHOT raca
Ha Komoscky somy (12427.23 W) y onnocy Ha HajnosobHujy sapujanry dihgtsls.
Temmeparype muMHOr raca Ha W31a’y M3 KOMOPE 3a Caropeparse Kperane cy ce y
oncery on 30143 po 503.11 °C. Cumynanuje cy nokasane 13 ce TEMIEpaTypa Bojie
noeehasa y npocexy oa 14.7 no 16.86 °C npinikom pasMene TOIVIOTE ca AMMHOT raca
VHyTap KoMope 3a caropesatbe. Ha G 4.30 npukasanm cy pesyirarin HyMepuHke
cuMylalpje HajHenososHuje sapujanre dihy bl Mame pumensuje sarpocralme
Kepamuke v obrmiky kymrje” mosoge oo kpaher sanpxaparse IUMHOT Taca ¥ KOMOPH
3 cCaropeBathe, UITO 34 [MOCIEIMLLY UM Marbi TpaHodep TOIOTe Ca AMMHOL raca Ha
Bofy. 3a cee ocraie sapujanTe, pesyirratin CFD cimynaoumja nati oy y Tlpunory 5.

Testepatypa [C]

1340
B
1099

. 878
W 857
738
616
485
374
253
133

Croka 430 | Pesyrmrarn CFD omnyiaiige majnenosarstge sapujare iy fy by .

426. AHAJTU3A YTULIAJA CACTABA TACA U
[PE[ITPEJAHOT BA3YXA HA TPAHC®EP TOIUIOTE
CA JIMMHOT 'ACA HA KOT/IOBCKY BOJY 3A
OITUMAJIHY BAPUJAHTY pils

V norawey 4.2.6 anammanpan je yTuuaj cactasa raca v npearpejasor sayiyxa sa
caropesarse Ha Tpancdep TOIVIOTE Ca IMMHDE Taca Ha KOTIOBCKY BOY 32 ONTUMAaTHY
BapujanTy pyly 13 mornasma 4.2.1. Anamraupano je yeyrao 18 komGunamiga, 3a mect
PasmOATHX CacTaBa TOPUBUX TacoBa M TPH paIMuMTe TeMIIepaTy pe IpearpejaHor
Baylyxa 3a caropesarbe. Cacrasm ropusux racosa yser cy us TaGese 4.3, remneparty pe
ropueux racosa wus Tabeme 3.5, a Temneparype [peilrpejaHor sayiyxa cy
npernocras’bene n m3noce Ty = 150 °C, T; = 300 °C n Ty = 450 °C. KomBunaumje cy
osHaveHe y ooy sg;T;, npu demy sg; o3Havasa cacras ropusor raca. CFD mopen
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KOMOpe 3a caropesarse, Vibyayjyhu u eTarke 0 MOy U TPAHMYHUM YEII0BMMA je
MCTH Kao ¥ nomassy 4.2.1.

4261.  PE3YJITATU CFD CUMYVJIALIMJA

Ha G 4.31 npukasasi cy pesyiraTi Hymepuukix cumyranuja. Cumynatpje cy
MCIIVHIUIE TOCTaRbeHn Kpurepujyy konseprennuje (< 1x10H) wanmeby 10727 n 15400-
Te UTEpallHje 3a BPeMeHCKN Mepuoa o otapiwmike 25 0o 35 musvra. Ha Goonr 4.31,
TaMHOIUTABOM JTHHW]OM TPMKa3aHe ¢y BPEIHOCTH YKYITHOT TpaHcdepa TOIUIOTe ca
AMMHOF raca Ha KoThnoecky soty gobujere CFD cumynatujama, 0K je /eyBiuacrom
MCTIPEKI/IAHOM  TAUKACTOM JIMHUJOM TpMKa3’aHa VKYIHa eHeprija ydelleHa vy
noxmnre, OBe BPeIHOCTH o8 MOTY 0WMTaTH ca nese oparnare. Ha ocnosy peaynrara
CHMYIAlMjA MOMKE Ce JAKBYYMTH [a Npeirpeparheé Bayiyxa IMOBO/BHO YTHYE Ha
Tpancdrep Toruore v toxuinTy. Tosehames TeMneparype Ba3iyxa 3a caropeparse ca
150 na 300 °C, kao n ca 300 xa 450 °C, yxynan tpancdep 1on1ore ca AMMHOL 1aca Ha
KoTioscky Boy ce nosehiasa y mpoceky 3a 2643%. Bapujante sgsT: v 59472, Koje
onrosapajy cacrapy raca npn CBP-SRS i CBP-PV us TaBene 3.5, ocreapyjy 3HaTtHO
selin Tpanodep TOIIIOTE ca JIMMHOT Taca Ha KOTJIOBCKY BOIY MpPU TemmepaTypu
npearpejasor sasayxa o 300 °C v opnocy Ha ocrate sapMjaHTe ca cacTaBuMa raca
nmpuKazaHuM y kononaMa 1-4 w3 Tabene 4.3. To ce moxke objacHirm 3navajuo sefinmm
yAenoM VITLeH-MOHOKCHA W BOJOHWEKA YV TOPHBOM racy. AKO ce M3y3My CacTaBu
FOPUBIX [ACOBA HA ONTUMAIHUM Taukama racudpHkalije, Kao HajlloBobHMje
BapijaHTe Y 3aBMCHOCTI Of1 TEMIEPATYPe HpelrpejaHor Baslyxa UCTUYY ce OHe Ynji
je cactas raca mat y konoHu 2 u3s TaGene 4.3, n osnauene cy ca 59,7y, 5g;T: u sg,Ty.
Veyman Tpancdep TonnoTe ca OMMHOT Taca Ha KOTIOBCKY BOAY 34 OBe BapujaHTe
penom warocwn 11308.71 W, 142005 W 1 17087.8 W. To ce moxe objacHUTH HajBMIIIOM
TemiepatypomM ropusor raca (618 °C, TabBene 3.5) y o/iHOCY Ha OCTalie BPELHOCTIA 13
kotona 13 u 4, w newrro sefmm canpxajem rtepa. [Nopebersem spemHocri
HAJIOBOJLHUMX W HAJHENOBOBHUMX BapMjaHTH 3a  paviMuyuTe Temneparype
Npenrpejaor Bayavxa, vrepbeHo je fna ce pawnika kpele v oncery on 0.87 mo 1.72 kW,
Kao najuenososHuje papujanTe uaneojune cy sg: Ty, sg, T2 u sg:Ts. Ose sapujarre
ojrosapajy cacrasy raca npmukasanom y komonu 1 w3 TaGene 4.3, Ca acnexra
Tparcdepa TOIIoTe, OB BAPH]aHTE Cy Ce NoKasale Kao HajHenopo/LHMje 300r Hemro
HIKe TemIiepaTy pe ropusor raca (497 °C, Tabena 3.5) u 3paTHO Mamer yiena yIibeH-
MOHOKCH[IA, METAHA 1 BOJIOHMEKA ¥ TOPHMBOM Tacy.
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Crmga 431 | Pesvirram CFD qavyiainga,

Ha Cmin 4.31, upseHOM MCITPeKWIAHOM TMHHjOM [TPUKA3aHE CY KOIMWHUHE TOILIOTE
Koje ce 3pasersem IpeHoce Ca JIMMHON raca Ha Kotnoseky sojy. Ose spenHocTv cy
rarkohe nobujene v3 nomoh CFD cimynanmja, 1 MOTY ce 0MHTATH €A JICBE OP/AHATE,
Ilpumenom perpecrone amamse v nporpamy Microsoft Excel [125], nobujena je
MaTeMATHYKA je/lHauIHa KOja OTTHCYje KOITMYMHY TOTUIOTE Koja ce IPeHOCH 3pauethem
y W ca nimmnor raca Ha KOTJIOBCKY BOIY, W [71aCH:

Qrreg =tCot i Teo+ € Ten, + 03 Ty + 6" Toony; 165 * Topzauna T 6o
AT, AT, ° - L (4.44)
—Q+C-,r'(—g) +I':g'( L ) +fq' M
ﬂ'Tvudr ﬂTvudv Tvmie; Tvaﬂrf

NPy 4eMy 7; NPeicTapkajy SanpesMiHCKe yerne TopHBiIX KOMIOHEHaTa ¥ ropHBoM
racy, a8 Tpuzduha TPENCTABEBA TEMIEpPaTYpy npearpejanor saityxa. Kowcramre ¢
kopuihere v jegHasnEn 4.44 npukazade cy v Tabermm 4.19. Ha ocHOBY KOHCTaHTH

3 4
[ AT, p T,
MpUKaIaHuX Tabenmt 4.19, wianosu T, " (-—i‘—-) 7] ( = ) 13
p }- d are) 'ﬁrvmﬁr’ Toodes Tondey
jenraunte 4.44 nocnemyjy 3pavucise, AOK OCTANH WIAHOBH HMMajy cyIIpoTaH edekar.

TaGena 4.19 | Koncrante kopumhene y jennaumnmy 4,44,

Cp (5] [ g g

2807435 -1429.229 -11627 498 -1036.993 -3T724.378

Cg L, €y Cqy gy
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5364 156,673 -0.13247 64.02 91.163

Ha Cmmin 4.32 nipukaszasm ¢y pesyiiTati HYMEPHHKE CHMYJIALM]E HAajIoBorkHIe
BapujaHTe sg, T4, 3 TeMnepaTypy npearpejaHor sasstyxa o 450 °C. by kapaxrepine
seha Gp:n-uia (KoHBEKIIIja) IMMHOT raca Ha 313y W3 KOMOPE 33 CATUPEBRILE Y OITHOCY
Ha majuenororsHjy Bapujanty. [puopuTer je naT TeMoepaTypekoM NoLY IMMHOT
raca. TTomenyTa BapujadTa ocTeapyje Hajsehu Tpancdep Tormore ca JIMMHOr raca Ha
KOTIOBCKY BOLy u m3nocn 17087.8 W,

remneparypa [C]

1554
I 1415
1276

¢ 1137

Croa 4.32 | Pesyrmrami CFD omayrsipge sajnosonsife sapigarre 5g,Ts, @ Temneparypy mpeirpejatonr
nayryxaon 450 "C

VineanHo Bu Gioto /1a ce npejrpesa Bas/iyx v 3a racudmkayjy M 3a caropesarbe, a /1a
racudpukartja Gy e mrro Gmeke orrrumanio]. Takobe, naeanso 6u Guto pa rac Gype
ca wro seliom TortorHoM Mohw, jep ce y Tom ciyuajy y oty pasmersyje seha
KO/MYUHA Toruore. TeMreparType IHMHOL Faca Ha M31a3y M3 KOMOPE 3a caropesatrbe
Kpetase cy ce y oncery oa 287.65 no 76992 °C. Cumynauumje cy nokasane jga ce
Temnepatypa soae nosehasa vy npocexy ox 11.52 go 28,09 °C npwivkom paivene
TOIUIOTE Ca IWMHOT Taca YHYTAP KoMope 3a caropeeamse. Ha Crmnngn 4.33 npukazasm
CY pesyirraTit HyMepuHke cuMyilaiivje HajHenoswbHuje sapujadTe sg,T;. Oea
BapUjaHTa OCTBapYje HajMarbi TpaHcdep TOIUIOTE ca JAMMHON Faca Ha KOTIIOBCKY BOJTY
n wmrock 95929 W. Hby kapakrepie minka TeMIepaTypa ropusor raca Ha yjasy
KOMOpeE 3a caropeBarbe, Kao 1 HajHIDKa TeMIlepaTypa Basayxa 3a caropesatse (150 °C).
3a cee ocrane sapujanTe, pesyrrati CFD cnmynamja naru cy y Tpustory 6.
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Temnepatypa {C]

1294
I 174
1055

Crpwa 433 | Peyrrmrrn CFD conaynacmge najisenosorsimie sapigarme sg, Tp, 52 TEMOEPTYpY (perpejaror
wayryxaon 150 °C,

Eneprerckn Guwianc 3a onmuManHy sapujaHty pals ca Temneparypom npejirpejasor
pasmyxa o 300 °C rmac:

Ugy + Qe + Qr, = Qug-voau + Qryy (4.45)

npu demy je Uy, xemijcka enepruja ropusor raca, @, duisitka Toriora y ropusom
racy, @g, dusika rorioTa y sasnyxy, Qug-vedu TPaHCep TOMIOTE Ca AMMHOL raca
Ha KOTIOBRCKY BOIY W (f,, dmntKa Tomiora y aumiom racy. Yxynma eneprija
yHemena y noxumre usHock 18.63 kW. [lobujena je cabupamem BpeqHOCTH 13
jenmavmma 427, 430 w 4.3, u npuxkasana je ma Cmum 431 mybusacrosm
WCTIPEKMIaHOM Ta4KaCTOM JTHHIGOM.

Temmneparypa mMMHOr raca Ha wiasy w3 KoMope 3a caropesarse winocu Ty, =
468.56 °C u nobujena je Ha ocrosy pesyrrrata CFD nymepuuke cumynanuje. Ha werm
HauMH Kao y nornasky 4.1.4 onpebena je enraimnmja IMMHOT raca Koja M3HocH hy, =
645.6 kJ /my, v dumuka Tonora y smmpoM racy koja uskocn Qp, = 5.15 kW. Axo
M3Y3MEMO TeMIlepaTypy HMMHOT Faca Ha Mi/1a3y M3 KOMOpPe 3a caropeparbe, jeiHa
PaIMKa Ce 0IIea Y CpeiH MM Crietind MMM TOILIOTHHM KalalMTeTHMa Koju ¥ 0BOM
cayuajy usnoce (C,) ., = 1.949, (C;), , = 1599, (G,),, = 1342 u (G;), =1398y
kj /m*K.

Ha ocHosy nosHatix spefnocti us jenvaqnne 445 nobuja ce ga rpancdep Towore
ca IMMHOT raca Ha KOTTIOBCKY BOAY W3HOCHM Qugpoqy = 13.48 kW. Tlopebersem ose
BpejtHocTi ca spensomly pobujerom s CFD cumynaumje koja msnocn 13.33 kW,
yrepbeno je oncryname on npubmekno 1.13%, wrro ykasyje na sanososasajyhn
cTeneH nogyjaparsa usmelly aHAIMTHUKOT M HYMEPUYKOr pesyJrrara.
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5 KOPULLI'REHE TYPBYJIATOPA Y
KOT/IOBMMA HA BUIOMACY

Hajormurrije mocvaTpato, moped KepaMiMENX OoJaTaka OMMCAHUX ¥ IPeTXoIHoM
MOMTaBIBY, TMPeIMeT JOKTOpCKe Jiucepraiije obyxsata v npumMeHy Typbynaropa y
KOHBEKTHBHUM J10BMMa rackdpMKaLMOHNX KOTIIOBA Ha fpea. Typbynatopu, Koju ce
Hajuenthe Kopucre y UMIMHIPHYHIM ASTOBUMA KOTJIOBA, MMajy OBOCTPYKY Y/0TV:
yhuanpeberse Tpancdepa TOINIOTe ca AMMHOL Faca Ha KOTIOBCKY BOY V3 MIHIMATAH
a1 MPUTHEKA 1 wiiiierse YHYTPa X NOEpHIMHA teei. [Toboeimare TpaHcdepa
roriore npaheno je nosehamem maga npurucka amMuor raca. [omrro je kop
MPEIMeTHIX KOT/IOBa cTpyjatse auMHor raca Hajeemhe npunynno, nosehame nana
IIPUTHCKa OMJIE[a Ce Kpo3 [0NaTHH Hamop BeHTwiaTtopa i Time seliy moTpormmsy
enexkTpiute erepruje. C ob3mpom Ha TO fa KOTIOBI Ha DHOMACy MMajy Bemike
eMUCHje TPAIIKAcTUX  MaTepuja, TypOyiatopn wMajy w J0OarTHy, TepUMjiiny
dyuxumjy, Ona ce omena y wimnhersy NOBpLMHa 3a pasMery TOIUIOTe KOHBEKTHBHIX
[E7I0BA KOTIIOBA Ofl Hacara “ecTiia. Y Impakci je HeolxofHo rocTulin oruManan
Dananc wmeby Tpu dyHkMHje Typbynatopa, mTo ce ocrsapyje npunarohasarem
HIX0BOT 00/TMKa W reoMeTpije.

VY nmornasey 5 OAT je Opernien pasMunTUX KOHCTpYKIja Tvpbynaropa. V HactaBky
mucepTamije, axitedat je gar na kopumbermy typGynaropa y obmgy aumte u
FIX0BIX Mojiena oGjassetinx 2023, rofune y pedeperim [126]. [a 6u ce noGoremao
TpaHcdep TOIUIOTE ¥ pasMersiBaduMa y oD/THKY LeBY, KOPUCTeE ce: aKTHBHE, ITacHBHe
1 cnoxexe Merofe [127]. V korioerMa Ha BHOMACY MaIMX TePMIUKMX CHara, eeliuHa
ypehaja sa nobobmame TpaHcdepa TomoTe NpUnaia NacuBHUM MeTojlaMa jep UM
Huje norpebHa gopnatHa eneprija. M nopen wumenmie ga nocrojir Bemku Bpoj
MacMBHUX MeTOla 3a nobobimame nepdopmancu Tpancdepa TOIDIOTe, HapPeTHUX
AEBET CV HAJTIOMYIAPHU|M M KOPHCTE ce ¥ paimuumTs acriektina [127]: o6pabene
NOBPINMHE,  Xpaliase  [OBPIUIMHE,  [TPOIIMPEHE  TOBPUIMHE,  HAMEMEHUYHO
pacnopebern yrpamH e/1eMenTi, eleMeHTH 3a BPTIIOREHHE TOKa, 1IERH Ca Y METHYTOM
HULIOM (OIHOCHO 33BOJHWUIIOM Tj. ONPYTOM), €1eMEHTH 3a MOBPIINHCKY HaeToCT,
amuTuBH 3a cpryume M aguTuEM 3a racose. Ha ocnoey [128], ne noctoju sacebua
nacueHa MeToja Ha Dasu TypDyiaropa, seh ce paviMKyjy TpM NacuBHe MmeToje:
HAMIMEHMHYHO paciiopebBeHn YIPaiHu elemMerTy, e/eMEeHTI 3a BPTIOKEHe TOKa 1
LIeBN ca YMeTHYToM Aiom. [Jakie, cee Tpu MeTofe ce Dasupajy Ha eleMeHTHMa Koju
ce yvrpabyjy v uesu pagn nobGommarma tpancdepa tomore. YV TaGenama 5.1-5.5
NpUKasaHe Cy pasiyguTe KOHCTPYKie TypOyiaropa y oDaMKy: CliMpaiHux Tpaka,
MU, BPTIIOKHUX FEHEPATopa, BPTI0KHNK KOHYCHUX npcreHosa i pebapa.
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Tabena 5.1 | Koucrpykunje rypbynaropa vy obanky cnupauuux tpaxa [127],

Pemun
fpoj

Koncrpykistja

Hazngs

Pedrepenua

3

B = 3
i L ————
OO =

I norpen cnpans -
- MOTRel OQ030

 <__

Taumuas Typbymatop y

[129]
obiauky ciiMpanHe Tpake.

TypGynaTopu v obiuuky
CIVpajiHe TPAKe ¢a
PaVIHUMTHM OlHOCHMA
yuijaea.

[130]

Typbynaropu y obiuky
CHUpanHe TPake ca
TEEMM 1 OeCHMM
VHHA-EM, €A HIHIKOM 1
OUICTOJHHMEOM,

[131,132)

Typbynaropn y obiuxy
CIMpaiHEe TPaKe ca
FIEMM B ECHMM
veujarses, Des ke n
OICTOJHMER.

[133]

Typbynaropu v obinuky

134
JYIUIE CHUPaHE TPake. [ ]

Typbynaropu y oluixy
CTIMPATHE TPAKE Ca
TIEBVIM W [TECHHM
YEIAREM 1 Ca
TIPOMEHIBEHBM
MPOCTOPOML

[135]

wilerrra-Kpuie”
Typoviaropn v 0By
CHMPAIIHEe TPAKE.

[136]

Typbynaropu y obiuky
CHMpanHe Tpake ca
TPAIESOHIHIM Peiom.

[137]
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Typbymaropy v olumky
CITMPAITHE TPaKe ca [138]
nePHchepHEM PesosL.

wHazyBenn”
Typaynaropu y obmky [139]
CIMpPanHe TPake.

10

Typbynaropn v obiuky
CITHPATH X BHjUaHx

#23 J [140]
'I'Pd](;.i ca F\&'!.'ILF-IIITII.'\.I
OACTOJHHIIFMA,

11

TypbBynaropw v obiiuky
CHMPATIHMX BHjHATIY
TPAKA CA JICHHAM I [1eCH M
YHHJAEM,

12 [141]

Yaybreena wes ca
TYPOYIATOPIMa ¥ [142]
ol/IMKY ClMpaTHe Tpake,

13

Typbynaropn y obiuxy
CITMPAIIHIY TPaKa [143]
PAVTHHIITIX IMPHHA,

Typhynaropu v obunky
15 CITMparHe TPAKe KpaTke [144]
Iy HRITHE,

Iypbyinaropu v obuiuxky

CHMpaiiHe TPAKE ca

nepudepHng pesoM i [ 145]
:I.Irrl.‘]:'E TATHBRHOM

DOOBIHOM.

Typbynaropu y oluixy
CTIMPAITHE TPAKE Ca
AITTEPHATHEHOM

QOB HOM,

17 [135]
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Buinectpyko yvuujerm

ryphynaTopir. [146]

Iypbymaropu v obiuky
CHHPAITHE TPAKe ca [147]
LIE TP THIAAM KT,

19

Typhynaropu v obimxy

CITMPATTHIX TPaKa ¢a

AT PHATHIEHIM

OCOBMHAMA M Ca [148]
TPOYTIIACTIM,

MPABOYTACHMIM 1

TPANESONIHINM KPILTIMa.

20

+HazybbeHn "

TyphynaTopu y obnuxy

CITMPATHE TPAKe ca [149]
PATTHHITHM OFHOCHALA

nyGupe  Hady sema™ .

Typbynaropu y obiuky
CITMpaliHe Tpake ca v [ I:':{]E
F‘t’lﬂ'ht.

wafmm,d=§m

WD T ppCnee
oML

= ( bl x WJlerrrap” yserum, [139]
oW

WOPHK

MErnag Sanaro

M# Typbyrnaropu v obiuky

Oywmea aacTofHexa; 100mm ¥=1.55 CITHPAaNnHHAX TPaka oa

24
M— PANTHMHITIM [y A1HAMa

Lysarea oacTojEHena: 200mm Y= 1.95 OOCTO|HHEA.

[151]

: - - IypGynaropu y by
25 " - CITMPANTHUX TPaKa ¢a [139]
: ' : wEOCHM 3y D’

TypGymaropu y ofimky
CHMpalHMX TPaKa Koje ce
CACTOjE 0, AHUAHNK
excepa.

[152]
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Tabena 5.2 | Koucrpyrumje typbynaropa y obauky suue [127],

P;]'-'Di Koncrpykistja Hazmna Pedrepenua
“‘ q 41‘1 “ 1‘ . TypGynaropn y obnuky -
1 ‘ l I l I l "l, \l HAMOTAHIX K82 IPATHHX [153]
AN L VR —
Heyimdropuucan
N ryphyiaTop v obimky [154]
w HHLLE v KOMBIHA LMK ca "
CHHPATHOM TPaKkoM,
3 Typbymaropr v obuimky [155]
e,
N L Tl
RS i TypbBynaropn y obnuxy
+ e ¥ kosbuHamm ca [156]
CHMPaTHOM TPakoMs.
-
Typoynatop v abnimy
o HHLE TPOVIIIACTOr [157]
NPEeCcera,
6 Typbymarop y obnuky [158]

AMLLE VAICTHYT V LeE.
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Tabena 5.3 | Koucrpykunje sprinoxnux reneparopa [127].

P
;g::r Koncrpykistja Hazmna Pedrepenua
1 Konmunm isestop, [159]
= = . s N e . Bprickim resepatopi
2 | = | > 1 — O — Cal PAIMjAITHIIM BOMEHIM {160}
by 2 [ i o | \‘/ nonaruiasa.
3 Mponenepekit spriosim [161]
reHepaTop.
s !IIp:nju:-Fupch: UPTIRBEHN [162]
reHepaTopu.
= Tarmsuan mpiossHm [163]
reHepaTop.
Tabena 5.4 | Koncrpykuuje Bprioxaux Konycuux nperenosa [127].
Pemsmn i
. Koncrpykinija Hasun Pedrepena
Gpoj
Komse prewrHn
1 -« JTHBEPreHTHI KOHYCHI [164]
ITPCTEH.
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KDI'MPI‘E] FUHI KOHYCH

2 [164]
MPCTEH.
TypBynarop y obnuxy

1 KOHYCHIEX MAQTHILA ¥ [165]
KOMBITHALLA[M €3 [TV M.,

4 Typbynarop v obnuky [166]
KOHVCHHX MAA3HALE.

5 Typbyrmaropea vV [167]
SUTASHIIOM,

6 Kouyernm nperenosu v [168]
LEB,

7 [pseprerrsm KOHYCHH [164]
HPCTeH.
Typoynarop v obnuky

g KOHYCHOT IPCTeHa [169]
KOMOHHALLIfM ca
CIVPATHOM TPaKOM.

9 Typbysarop v obnuky [170]
KOHYCHIX MIa3HIIa,

10 — i i e el [171]
MUITASHHLGM,
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) ag ;i‘:@ Typbysatopy oBiiky
; [vijamarTa,
L]

[172]
E:;'U Il 0 HW KOHYU
12 - epdopHPaHI KOHYCHI [173]
o f f ]]Frﬂ;‘} 10H,
Tabena 5.5 | Koucrpykuuje rypBynaropa v obuuky pebapa [127].
Pemun .
5 Koncrpykitja Haznn Pedrepenna
Poj
1 . I E Haruyra pebpa. [174]
2 Crowpansa pebpa. [175]
L]
KombuobBaia Kiisacts
3 pedpa ca BpriosHITg [176]
i 1 { KPHITHMA,
4 Tpoyrnacra pebpa, [177]
5 - -:':-: - J-.11' IEK,}‘N_FFI[.!. JLI‘!HE“I'P}'KU— [ I?Hi

HaruyTa pebpa.

e e T S I
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Kosbunosana pebpa ca
¢ = g = é NPasoyranH iy KpImiEsa. [

", .
5 ,ff’q/:ﬂ“-:} __,-’“:E‘?_:\‘_-u.. KomBunosana peGpa ca [180]
\qﬂ o b\\-\.r f;,’-'/'f wEITTA” KPRITIMA.
= ’- i \w

-

TypGynaropu v obimxy

; [181]
capmjenix pebapa,

Kao wro ce sy m3 nperxogHnx talena, noctojn senvkn Dpoj pasmmumuTix
KOHCTpYKUHMja Tvpoynaropa. Meby s, Gpoj npumernsusnx Tunosa tvpbyiatopa y
KOTIIOBMMA Ha OHOMAcy 3Ha4ajHO Ce CMarkyje aKo je MCTOBPEMEHO NOTPeDHO
noforemati Tpascdep TOIIoTe 1t HUCTUTH MOBPILIMHE 33 paiMeHy TOIUIOTE Y 30HM
KoHBeKIMje (1. vHVTpamme nospuniHe pesm). TypOynaropn y obmiky skuue
ucnyisasajy oba saxTesa, 1 jeqru cy ot Hajaenthe kopumhernx m Hajje/iocrasmjnx
Tunosa Typbyviartopa. [laku cy 3a m3pany, exonomusin. Ha Cmnm 5.1a ce suon oa
Kopak TypOynatopa (p), ka0 u npeunuk xuue (¢) w ueen (d) pedumuny mweny
reomerpujy. Kon komiopa Ha GuOMAacy MaiIuMx TePMMHMKMX CHAra rie [JoMUHMpPa
KoHBeKiMja, GpsuHe [IMMHUX FacoBa Cy THITMHHO Y NPeiasHoM pesumMy crpyjama. C
THM ¥ BEIH, BaXKHC KapakTepucrike Typbynatopa y obmuky kimlle HabeldeHe cy y
HACTaBKY!

IS

# Hhixos Hajborei yHIHAK je YV penasHoM pexuMy, rae noeehare Tpancdepa
TorwioTe IMpeKTHO 3aBuck ot [pasamiosor Gpoja [182].
» Tlpenasak Ha TypOy/IeHTHO CTpyjarke ce o/iBija TOCTENEHO TIPH HUCKMM
Pejronsicosum Gpojesuma (Re<700) [183], crora
# Typbynaropu y obnuMky Kule HMMajy IIpedpiULHNBO IIOHAINAIRE YHYTap
IMPEeMa3HOT PeXIMA jep MoKaslyjy KoHTHHyWpaHe kpupe dhakTopa Tpema M
Hycerrrosor Gpoja [182].
V pagmosuma [182,184,185] npencrapmeHn cy eKCTIEPUMEHTATHI W HYMEPUHKN
UCTPaXKMBAYKNM PajioBM IPYTHX ayTopa, kao M MogudMKaluje y KOHCTPYKIUji
rypbymaropa v ofimmky skuie. OBl panoBit 1 IIpOMeHe ¥ KOHCTPYEKLMM O MOTY
ITOJIE/INTI Ha:

» Mcrpamnsarme ca TPATMLMOHAIHOM FeOMETPHjOM Koja TIOKyIIasa [1a npoHabe
eMmpHjcke jenHaunHe 3a Hycenrroe 6poj u orruManiy reoMeTpujy 3a garte
voiose pama [182,186-188].
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» Monudmrarmje v reomerpuju ximte [153,157].
» KomGunosana umiviemenTanmja ca apyrum typOynatopusa [127,189], ca
mosticprKosarmM yiasom [166].

# Ca nmpoMeH/EMBHM KOPAaKOM W IIPEMHMKOM xHile Ty pDyraTopa [184,1901].

Byayhnocr npunaga typOyinatopiMa vy obDIUKY AUUe pasniMuuTux obimka M
AuMMEeH3Mja, 3aTHM ONTHMU3OBAHO] TEOMETPHM Koja ce Mema 10 Zy:KIHE, 1
VIMIVIEMEHTALIMjN y KomOvHammju ca Hamodiymamuma. JKume ce kKopucre 3a
MPOMIBOILY APYTe BpcTe TypOviaTopa nof Ha3sHMBOM: TYpOVIATOP ca KOHYCHOM
onpyros. Fbixos ymimaj wa nobomimame TpaHcodepa TomoTe uUCTpaxed je y
pamosima [191,192], KonpepreHTHM, KOHBEPTEHTHO-INBEPIeHTHH W AMBEPreHTHM
oryuajesn oy vcouTuBaHu 3a PejHonacoee Gpojese v oncery oa 4627 no 34000,
Honasare KOHYCHOU nenia Ha cinoboaHom kpajy typbynatopa (Cmka 5.10) je
PEIaTHBHO JE/IHOCTABHO 32 [TPOHIBOIILY.

V Beau ca nperxoiaum, 1wk je Guo nponahu orrrumaniy Gp3uHY IMMHEMX racosa 3a
reMiepatype y oncery on 150-300 °C v uesuma ca typByiaropuma y obimky suie, 1
MCTPAXUTI YTULA] J0llaBalba KOHYCHOT [ena Ha ciobojHoM Kpajy Ha noGossiname

TpaHcdepa TomwoTe,

3a PadiMKY O, NPeTX0OHO [MUTHPaHMX panosa, v ,ILDKTOPCI(D] I[I-ECE‘P]'B].EH]-H jE nopen
KoHBeKIje pabero 1 spaverse. KoHKpeTHO, ¥ HCIIITHBAHOM TEMITEPATY PHOM OICELY,
3paderse Huje saHeMap/bueo, nocedHo Kaja je Re<10000.

Ha Crmvmm 5.1a mpukasaHy cy reoMeTpHjcKH MapaMeTpH THIMMHMHOT TypbysiaTopa v
ofinky xoiue npu uemy pl u f npeacTaskajy Kopak y KoHYCHOM aeny TypOyiatopa
1 Vrao KoHycHor spxa Typhynaropa, fok cy Ha G 510 npukasade pcnimisade
KOHCTPYKL{1je.
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Crnka 51 | a) leoserprickn rpasserpu THiaHor TypviaTopa v oy wie, B) uorimimaHe KoHcTpy ki
Tyvpbvraropa (Cmma rpeyvaera ws ped, [126]),

Typbynatopn v ofimky xulle €y MCITMTHBAHN 3a: DesmimeHIMoHaNHN Kopak p/d v
oncery off 0.36-0.61, BesumensuoHa iy npeuHuk xuite ¢/ d y oncery op 0.04-0.1, w1 3a
O[IHOC KOpaKa M NpeMHuKa xuue pfe v oncery o 3.75-14.3. Typbynatopu y obrmky
AMLIE Ca J0OATIM KOHYCHUM JenoM Ha o1oboaHoM Kpajy MCIMTUBAHK CY 3a YIJIoBe
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on 60°% 90° u 120° 3a mpeunyk &une of 3.5 mm M 3a KOpak ¥y KOHYCHOM ey
rypbynaropa on 17-22 mm. Mematusama cy vpabena nomohy CFD mopena. 3a
uauwmuuiy MOILETA MEeplIeHa Yy ekcnepuMeHTaliHa WCHIMTURaH- Ha
racudpMKAITMOHOM KOTIY Ha OpBa. 3a MpoLeHy TpaHcdepa TOINIOTE 3PAYMCELEM M
BamWIALMjy Tpancdepa TomioTe v mpasHoj wesw, kopumlien je nocrojelin heymjekn
mojten [193].

5.1. EKCITEPMMEHTAJTHA VCITMTUBAIbA
FTACMPUKALIMOHOI' KOTJIA HA JIPBA
TEPMWYKE CHATE 18kW

V oBoM nomasky  NpeiCTARBEHO  je  eKCIIePMMEHTAIHO  WCITUTHBAbE
racudMKallMOHOr KOT/a Ha apsa Tepuuake caare 18 kW, u objasseno je y pedepenum
[126). Ha Crymgi 5.2 nmpukasas je racudmMKammoHEM KOTAao Ha Apsa (HOMMHATHE CHare
18 kW), koju je TecTupan kako 61 ce ucrmTane nepdropuance Typbynaropa y obrmiky
HKULLE 1 BATWITNPAIM HYMepUYEH MopeTn. McnTiBaa NoMeHy TOr KOT/Ia M3seeHa
cy v nabopatopujun komuanuje Panmjatop Mnmemwepunr” y Kpamesy. Haxon
[POJIACKa KPo3 racnpiKkaliMoHy KOMOPY 1 KOMOPY 3a caropesarbe, IUMHN Tac yI1asm
¥ KOHBEKTHMBHM [IE0 KOTIIA, Tj. ¥ Pa3MersHBat TOIUIOTe ¥ o0/IMKY LeBi KOjit Ce CacToji
ol TPW WJIEHTHYHE NapaielHe [esu YHYTpanimer npeuduka 82.5 mm. [la Ou ce
CHpeYio HAKYIUbae ecruia v nodosimao rpancdep romwiore, Ty pbynaropu vy
obnMKyY Kulle TpedHiKa 5 mm 1 ca Kopakom of, 40 mm ysmeTayTH oy v uesi. [lpn
CBAKOM OTBAPALY BEMMKIX BPaTa pesepsoapa akTHBMPA C8 MEXAHM3aM 3a OTPECAFLE.
Korao pagm ca npub/iiokHO  KOHCTAHTHOM  TOIUIOTHOM CHAroM W cajipaajem
KNCeOHMKa y jumMioM racy. Mebyrium, Ha caMom mouweTKy paja W OpIMKOM
[AOIYIEABaH:A TOPHEA WM Kala ¥ KOT/IY OCTaHe Majo TOpHEa, Tj. Kal je BUCHHA croja
rOPHEBa HIDKA 0/1 HUBOA HA KOM ce yBallyje npuMapHi Ba3/IyX, Tala HU TOIDIOTHA CHAra
HU eMucHje HUCY KoucranTHe, TTpuMapHy 1 CeRYHIApHM Basiyx, kao 1 OpianHa
serTiiatopa (nommje 511 » 12 na Cnaam 5.26) ce ayToMaTeKM KOHTPOIIMINY.
Komasitna npuMapior i CeKyHIApHOT Ba3yxa ce KOHTPOIUINE Kako Oi1 ce nocturmia
Ta MojelleHa MiTaiHa TeMrepaTypa ¥ HUBO KMCEOHWMKA YV IMMHOM racy. Tokom
UCITTHBAA, [O/IelleHa WilaiHa TeMieparypa OQUMHUX racosa je Owia 150 °C a
KOIMYMHA KICEOHHKA 7% sanpemitHekor y/iena, OBo ¢y CraniapiHi YCIIoBKM pasia sa
OBaj KOMEPIIMATHO TOCTYITHH KOTao.

Ha Ciivun 5.2 vy Tabernn 5.6 npukasanm oy ekciiepumentaiaam jetamsu, Kao ropuso
koprumhiene cy cyse M HeKo/IMKO TonuHa crape Oykope uenanmne. Hbhixosa
efneMeHTapHa 1 TeXHWYKA aHATH3a v 3eTa je s Dase nofataka [102], jep noTvay 13 ucre
mryse i uyecto cy kopunihene y naGoparopujin sa Tectuparse. Tpe ucrmaTusara,
M3MEepeH je cajipxaj siare y apserty 1 buo je y rpannuasa o 5.5-6.8% (w1axHa ocHosa,
nosuia 9 y Tabenn 5.6). Hakon o je xoTao ymao y crabuman pan, ucToBpeMeHO
Cy MepeHe KOMMYMHE: 3alTpeMHCROr TIPOTORa AMMHOr raca, TeMoepaTty pe, M CacTaBa
(mozuuuje o 5-8 na Comom 5.20 1y Tabemu 5.6}, 3anpeMitHCKH TIPOTOK BOJLE W FheHe
TeMiepaType vy Kapaktepucruunum  radkama  (10),  sanpemMuHcKn  npoTtoum
npumapror (11} u cexvanapror (12) sasayxa 3a caropesarse, TeMIeparype JuMHor
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raca Ha ynasy (1), wanmasy (3) w Ha pacrojasey 80 mm on ynaza (2) uesu ca
TypbynaTtopuma y oGmmKy e,

(&

Cromxa 52 | a) Qomorpadyiga CHNURHA TOKOM MEPeHsa, §) Sscreprserr iU iHa HOCTaska; v Tpoyiomsa: 1 -
AOMA CANDPesaa, 2 = NpoTos sofe, 3 = Typiynarop v ofimaxy a0me, 4 = MexaHitam 5 oTpecarse ¥ ssapaminda: 1
= ITYMITE %3 BTy, 2 - ERCTIRHIOHA T0CYI1R, 3 - CHTyPHOCHI BeHTHT, 4 = dUIyKCMETap, 3 - CHCTEM B3IV ITHOr
wiabera, 6 — e sermw Jaoxpyxes Opolesi onabomrny Mepae Tasske, Ko oy npukazane y Taberm 5.6
{Crmra mpeyvsera i pedh. [126]).

Tabena 5.6 | Mepue rauke (na Cinugn 5.2), smepene senuuune, ypebajn v rpemxe [126].

pemika (ancomyTaa wn

Mepua Mepesa sennumHa Ypebaj )

TaYKa

0.4 °€ (-100-200 °C)
L23 Tesueparypa qusmuor raca Testo 350 ] Tun K TC +1 °C (200.1-1370 °C),

pesanynpja 01 °C

Testo 350 x| 0.1 m/fs (0-40 m/s)
4 JanpeMuHCEN NPOToR

Combi 5 £16%
5 Temneparypa Censopn Kona £1°C
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Cappxaj 0y #0.1 san%
Testo 350 xI 0.1 m/s (0-40 m/s)
o FanpestuHokn HPoToK
Combi § 7%
O 8%, CO110 "
Testo Salixtn NOL5%, SOs10 ppm
7 Cacran jvHor raca R i
Hariba ENDA 5000 (MaKCHMarHe rpernke y
Me pllﬂM l'll'll:{!'l"_\."}
8 Exmcnje wecrina Zambelli ZB1 £10%
N 10368 [102]
Cacrap ropHea M TONIOTHA Hanettmaj o mepersy ca
9 soh, norponsa, catpaa HMCTOM TERHHOM FOpuRa =
RAATE 4 =
Testo 616
+H).1%
Menopyvena rormora ; £(0.15+2/ At) Nexankynarop
10 Multical 303 - Kamstrup
Mpotok soje #1+0.01V V) %nporok
FANPEMUHCKM HPOTOK = JDC Electronic SA £2%
11,12 HPHMAPHA BAyLyX 34 Kt aaaioaiEtap
3 i ' i Fiih
CATUPEHA Hhe Testo 410a £{0.2m/ s+2%of mu)
13 Pazmmka npurmicka Testo 521-1 #0.2%

Ha Cinni 5.3 nprkasaHo je Meperse v Tpajarby 01 23 MUHYTa, [IPH YeMy CBaka Tauka
NPElcTan/ba TPOCeHHY MUHYTHY BPeIHOCT, JoDHjeHY Kao ITPOCeK 0] IHECT Y30paka.
Temmeparype IMMHOr raca onazajy rmpema nianaly ms korina. OBo je TumiaHa cecuja,
Mako je DWIO cecHja ca MarkMM TeMmlIepaTypHUM Bapujalijama, Koje sasuce of
KOJMYMHE M KapakTepucTHKa ropusa y pesepsoapy, edexra npemouhasara y
racdMKaIMOHO] KOMOPH, 1 071 OCLIMMALIMja TesMnepaType sofe. 360r THX BapujaLija,
kopumhieHe cy MpoceMHe BPETHOCTH TeMnepaTypa 3a sammatmjy CFD monena.
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Crmka 53 | [poseis Teieparypa i b xoee [poceuis BpeTHocTyy 1 - Ha yimy v e, 2 - Ha mecrasig o 80
M O Vi, 3 - Ha vasy 16 Ues, 4 —Ha iy m ko (Crma ipeyaera v pedp, [126]).

Mepenu ¢y cacTaB 1 OPOTOK AMMHMX racoBa Kako Gu ce impavyHao TpaHcdep
TorioTe Y wcrmMTuBaHoj tesn. Cacras raca je HenpexkwiHo npaheH, 10K je HUBO
KMCEOHHMKA JIJIATHO KOHTPOIMcaH ambiia COHIOM, KOja je 1e0 YIIPaRbaukor cucrema,
Y Tabenm 5.7 npukasan je npocedad CacTap AMMHOP Taca TOKOM TEMIepaTypHOr
Mepersa nMpukazamnx Ha Cmnm 5.3, YV nopebemy ca TemMneparypHiM NpoMeHaMa,
CACTaB IMMHOT I'aca Marbe Bapupa TOKOM cTabuIIHOr pajia KoT/a,

Tabena 5.7 | llpocewan cactan QMmMHOT raca ogpeben TOKOM TEMOEpaTVpPHOT MEpetha
npukazad Ha Cnuun 5.2; ¢ - ¥ CYBOM U B — BIAKHOM IMMHOM Facy [128].

ac lMpoceuna speaHocT  JenmHima gﬁ;agr:;mrma il

oo 143-¢ pEm 17 ppm

NO, 109-¢ ppm +5.5 ppm

ooy 12.474-8 ] H1.2%

H,0 9832 % HAPATYHATO (BAaIyX + ropiE)
Ny 71.322-8 % HIPAMYHATD (BaTyx + ropuso)
Ay 6,361-8 % H).8%

50, 0.004- b 15 ppm
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VKymaH npoTok JuMHMX TacoBa MepeH je Ha feceT MepHuX MecTa i Ono je yaakeH
mecT Xuipayimukux npednika of Hajimuker nopeselaja” nporoxa. Mepha
Hecuryprocrt je Guia 7%. YV nopebery ca tm, mepHa Hecuryprocr op 16% sa
JAMPEMUHCKI MTPOTOK KPo3 MCMTHBaHy mes Guna je npumerso seha. [lporok je
MEPEH V CPEIMHM MCTTMTHBAHE LIEBM HA YeTHpH mepHa mecTa. Mmak, mane Gpanne
AMMHOT Taca M CUMeTPudHK obpasall cTpyjara off KOMOpPe 3a caropesare /Io Lesn 1
mo sajenuudke uaasHe sone (Cmika 5.20) dasopusyjy jemnaky gauctpubyiigy
MpOTOKa Kpos Tpu mapaiende uesn. OBy 4MmeHuiy [00arHO NOTKPeruLyjy:
MaMepeHe dpakije MpoToKa Kpo3 UCIHTHEAHY HeB Koja je Ouna v oncery on 32.8-
33.9% yrymror nporoka u CFD enmynanmja koria. [perxonto HaseneHe YyntbeHuie
AOAATHO NOTEPHY]Y NOBEPUBMBOCT H3MEPEHOT TPOTOKA Kpo3 McnuTHBany uer, Kako je
MepeH TpoTok, nosuimja 4 Ha Cm 5.26 npe w1 noote Mepersa TeMmneparypa (1-3),
TOKOM KACHUJUX Mepersd, KOHTPOIMCAHKU <V YKYIHM npotok (6) M npoTtoin
npisapHor (11) u cekynmapror sasayxa (12). Yaumajyhu y ob3up cee ope unmeHme,
MOrY Ce NPeTHoCTasuTi CHMYHE HEeCUMTYPHOCTY KOl MEPEetha YKYITHOr NPOTOKa W
MPOTOKA KPO3 MCITMTHBAHY LB,

Koncrpykuja koria (Cruka 5.26) w uamepers nipotok sojie oMoryhasajy npopauys
GpaiHe Bone oo wenuTueane uepd. Temneparypa sone je nosehana 3a mame o 1 °C
MPIITHEOM pa3MeHe TOIUIOTE ca JIMMHOr raca yHyTap tesin. Pasnior sa To je Guo permkn
IPOTOK BOfLE Koju je Bapupao ox 1.41-2.23 m* /h. 3a najuemthe kopmuhenu npotoxk o
1.84 m* fh, yryrian nopacr Temneparype v Koy usHocno je 8.7 °C.

C obaupom na mane DpsuHe JIMMHUX Tacopa, Koje cy ce Kpetane y orcery on 0.95-1.2
m/s, v kpaTky aysuHy uesn o 460 mm, pasivka y npuracimma wiMely yiassor n
MAIA3HOT NOITPEMHOT Tpeceka (Mepae Taske 11 3) je Giia peoma Masia. CxomHO ToMe,
nopati w3 smrepatype [182,194] kopumhenn oy 3a saymMpatpjy najia OpUTHCOKE
mapauyHator y3 nomoh CFD mopena.

5.2. CFD MOJIE/T 3A UICTIUTUBALIGE TYPBY/TATOPA

Y osom nornassy npencrasibefff je CFD monen sa wernmmusarbe TypOynatopa, u
objanen je y pedpepernun [126], Komepusjantio goctyriam codrrsepekn maker Ansys
18.1 [88] u mweroe unrerpucann Moy Fluent [113] kopsuhenn cy 3a Hymepuuxe
CHMYy/Iatije CTpyjarsa IMMHOT Taca Kpo3s AUMOBOIHY 1IEB Kao 1 CYNPOTHOCMEPHOT
CTpyjarka KOTIOBCKE BOIE OKO IUMOBOIHE [EEH, HA OCHOBY JedyMHHUCaHe TeOMETpHje,
saTiM hopmupaHe Mpexe U rpaHuuHmX yotopa. [lpu mspagn monena crpyjarbsa
kopumlieHa je eHepreTcka jefHAYMHA, 3aTHM, YCROJEHM CV HajjelHOCTABHHUjM W
Hajuemhe kopmuhenn k—& mopen typbynenuuje, kao u P1 mozen spaversa.
CumMynanmje cy UCITyHWIIE TIOCTaR/BEHI KpUTEpUjyM KoHBepreHimje (< 1x10+) mpe
600-Te wrepanuje 3a BPEMEHCKH [IEPHOI 0O OTHpHIMKe 4 caTta ma mo 5 catn u 45
MIHYTA, ¥ 3aBMCHOCTH of, cuMyianvje. Yrynas Gpoj HyMep X cumyranuje je 110,
Cumy haumje cy ypabene Ha Fujitsu Celsius 730n pannoj cranum ca Intel 8-jearapamm
E5-1620v2 @3.70 GHz npouecopom 1 32 GB RAM memopuje, TokoM paia cumyiaiiija
Gimno je anraskosBano npocedHo 28 GB RAM uenmopuje n 75% kanaiurera nmpolecopa.

125




Muyamugnmxyuonzinoom xepasmusicix u memaanux dodamaxa y kenmaofuma va Guomacy

Pesynratu  cumynanuja  motepbenn ¢y nopebemem ca  pesyrTaTtiMa
EKCTIe PUMEHTAITHOT MCTTUTHBakLA.

Ha Cmmum 5.4 npmkazaHa je 2D dwmHa Mpexa mojena Kao W oblacTi Koje cy
kKopuuiliene 3a HyMepUUKe cCUMYyTIalifje.

3

Crmixa 54 | 2D dhynia mpesia sofena 1 ofiac ke oy kopinihene sa mymepirixe cayrmugge; 1 - olivacr
JUHOr Taca, 2 - paaosoika e, 3 - ofvact koroacke soje (Crima npeyiera e ped, [126().

Ha camom nouerky dopumupana je rpyba spexka. Mebymis, na 6u ce pobuwm
MPENM3HUM Pe3yITaTi, ¥ HacTaBKy cumMyaimja kopumlieHa je dovHa Mpexa auju cy
neraku npukasann y Tabema 5.8. Mpesxka ce, y 3aBHUCHOCTH 071 CUMYJIAIINjE, CACTO]I OF,
2657157 no 9885211 enemerara u, o 1469611 po 4130496 usoposa. Keanurer mpexe je
mobap, ¢ ob3upoM fa ce MakcMaa Mekpusbenoct hemja o 0.224 w smsartem
oprorosamay  kearmrrer on 0.779 mamaze y npuxparmemeuM  rpanmuama  (0.94
nakcrMys i 0.1 MITHIMYM) 33 TIATKY HYMep Ky KoHeepreHmjy [18].

TabBena 5.8 | Monauu o mpexn [126],

Onnoc
Hernmmmisane Bpoj Bpaj Kpamrer 0 oHe Herpssm,  OproroHaadm
KOHCTPYKIME  e/eMeHata YBOPOBA  eeMeHarTa R heanja KBATITET
hemije
:::im"””“"“ 3199973 3578776 0.958 1212 0.065 0,989
DNEO -
e=3,5mm, 7oB96HAT 1839126 (1844 1.813 0222 0,781
p=dlhmm
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DMNE0 -
e=5mm, 6923421 1732361 .84 1.812 0222 0,781
pr=dlmm

DNBO -
e=Bmm, 66THYSH 1710928 0.845 1.513 0.222 0.782
p=4lmm

DNBO -
¢=3.5mm, B426814 1976509 0.843 1LE17 0224 0.779
p=4hmm, f=60"

DMS0 -
=3.5mm, 8462312 1988508 (843 1.817 0233 0.779
pre40mm, f=9%0"

DNSO -
¢=3.5mm,
pr=dimm,
#=120"

8953769 2078071 0.843 1.E18 0.224 0.779

,
!Ia Crnnum 5.5 mpukasanm cy rpaHmasm yoiosu obnactu duymia. Ynas y mumososmy
IR MPEJICTARBA UMHM Tac Ca TPasmMuoM Tuia ,inlet 17, mpu wemy je npoTox musmHor
raca H@HHHCEH Kao MaceHu OpoToK MHUMHODI raca paBHOMEPHO paciioie/beH 1o
nonpedHoM nipecexy. Manas jumnofffraca w3 numosoiHe tesn jedunncan je
rpanuiom Tura ,outlet 1, npu uemy je rpasmia oppebena mibopom omiuje |, static
pressure” w pedwiHucarsem penaTiBHoOr npumircka of 0 Pa. Komoscka Boma ce y
opHocy Ha i rac kpehe cynportHocmepro. [leduHncana je rpanmiom Tuna ,inlet
2", npu gemy je NPOTOK BoAe MedpMHUCAH Kao MaceHu NPOTOK BOAE PABHOMEPHO
pacnioziersert 110 nionpeydom npecef]. Manas komioscke Boge fedmmncan je
rpanuiom THna ,outlet 27, npu vemy je rparuia oagpebena mibopom omimje ,static
pressure” u peduaucarsem pesatusHor nputucka og 0 Pa. [laxie, y ceum
CHMYJIatiMjama, 3a rpaHNaH U YCII08 3a YJIa3 V3T jé MaceH! MPOTOK, 10K jé 3a rpaHrYHM
YOIOBE 3a M37Ia3 yieT npurucak. 3a cee Bpcre dutynuma, oBo je Hajecrabmmamjn u
majuemhe xopumhienn nap rpamwuaHnx yenosa [195] pedwimmcarmix:  macerim
MPOTOKOM, TEMITEPATYPOM PriyHia Ha Vilazy U pelarusHuM npuTickosm of 0 Pa Ha
masy. 3a obnacT Boje, OHOCHO 3a HeHe cnobHe swiose kopunthex je agmjabarckn
IPaHMYHK YCII0B,
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(BT
yenos: Outlet 1

(Apnann rac) i

Ofnact

LLMARAHDT Tl Ro Ha

raca "‘-..H‘ e
3] TpiHieHn 4 ﬁ:

yenon: inlet 1 et ofinacin mmssio DG
[msmrn ml = Marepajen: [nsm i

Pedtpentua npwimiin, 1 atm
=TpasaTalals Hopuan=a s riseeoss yoomses (= -8 81 mas-2§
prI'HIIHH-H yCaoe: Tyolyrentme wogen b-foidon

Inlet 2 [soga)
Oetase ofinecin poas:
Maepegur Soge
- Pabipewiva apateian 1 &l
- FneEaTE ) onan=8 Al MErsses jososs (2 -4 851 me-Th
TeplyhanTees wofen §-Epiion

Aetams fparynisar a0 Salet L)

Npeamae: B2 5 mm

= lcEmi NPT [ SOpMaREY § GARGCY =B (Pl peacE)]
=T Cr=ame | etz B

fETaNG IPdsiannr yCAOES Dutiet 1|
Mpeizae &} § mm

- CTRTHE I npUTHIRN

- PasiTeEne NReTucEs | = 3 Paj

E HEvamm paremir yoasan Wikt 35
Tpativitm yenos: Moepuseen: 0024 m2

Outlat 2 {lm] Macrnn npetas (AUsManes § SEROUY =8 | yenee )
~Trafynenunie Cptame (Merenrer « 3%

ETaM TRaEOT rADES Dutiet 31

Naspuis-n 0 OM M3
Cratwse s mpirraras

1
Cmixa 5.5 | Mooserpigoc ripeacs CFD ssopee yviowyayiy i i 1emiise o Moy 3 rpaseiimg voiom s, §)
OOACT JMHDT 1203, B) JDosomE tes, B- ol boje.

5.3. METOIA REJTMJCKOI' MO E/TMPAFbA

V normaemwy 5.3 npencrasikeHa je MeTona heimjekor Mojlenuparsa, Koja je objarbeHa y
pedeperiin [126].

Momnen je cacTamkeH o7l koHauHux herija, uija je pemmauHa orpaHHMeHa OTICETOM
BAMHOCTH IPUMEREHNX MOjlena TpaHcepa Tomiore koHsexumjom. Ciauka 5.6

npukasyje Taj npumian. Csaxa henmja mozena uMa TpM jejIHaMHE eHEPreToKor
Drotanca:

» Tpancdep ToOIUIoTe KOHBEKIIIOM 1 3PAUCHEM Ca JMMHOT raca Ha YHYTPaLIHy
MOBPIIWIY LIEBIH:

Q = mdg i E;;‘IQ : {ngu - Tdﬂ'l) e Qkan + l:'mu-,‘, + erlzci_“d” + leru,q_,““, (5-1)
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» TaTomwoTra ce KOHIYKIIMOM Ja/be MTPeH0cH Ha CroBallFGY NOBPUIMHY [eBH:

Q o Tcewu = Tn-vi,
7 &2
2\ Acetin d

» T'je ce konsekIjoM NPeHocH Ha BOLY:
Q= Qkanp (5-3)

TTpu uemy je @ vy rpancdep Torore U Q,, Tpancdep Torore KoHsekijom
ca auMHOr raca va s nesi. Ha ou ce oppemmoa opa sermmainta, KoedpmjeHT npeasa
romiore ce ogpeliyje Ha ocHOBY Tpu jenHauMHe npencTasbete y pedepenn [194],
Kopucre ce v 3aBUCHOCTH 01 BPCTE CTPYjaksa: 3a JIAMUHAPHO, jeTHAYMHA KOjY je pa3ssuo
Maptun, 3a TypOyenTHo, jeiHaunna Kojy cy npewtosmwm Fauervmckn u ap. [194],

M 3 [peasHu PeRuM, MHTEprioalioHa jefHauMHa Kojy je Takobe npemsiomno
IM'aMemHoKN.

ana

1f-...-f’"1
nI.I.I
$3
I’H
% &

B LT Y

Crxa 5.6 | Hpeoagan hemgoor mopemaparsa (Crma npeywera o ped. [126]).

Tpancdrep Totmore 3pagersem, Q,mq_‘, iaMeby mHMHOr raca W UeBM je M3paqdyHar
AHATMTHYEOM MeT010M 3a ojpebusarbe emucnsHocT u ancopnmustoctin H,0, C0; n
FRMXOBIX MEIHABIHA MpencTasbenix v [196]. [octenmsa gpa wiana Ha OecHoj crpasm
jensavnae (5.1) Koju Tpencraskajy TpaHodep TOIUIOTE 3pavetben mnianeby cvoemHmx
henwnja cy 3anemapenn. Tpancdep Torore KOHBEKLHjOM Ohn" O CHIOVBHOT 31713 1EBK
Ka KOTIOBCKO] BOAM onpebeH je Ha OCHOBY I[OSHATE TEOMETPHjE, M Ha OCHOBY
KoepUIMjeHTa Npeia3a TOIUIOTE 3a IUIMHIAP V CTAly MUPOBAHA IPH Y3IyAHOM
crpyjary npenctasbenom y [197]. OcHosta TepMoIMHAMUYKA CBOJCTBA 3aBMCHA O]
Temrepatype cy yiera us [198,199]. Mozen je samummpan v [193], ocim 3a tpancdep
TOIVIOTE KOHBEKLIMjOM O/1 CHOJBHOT 3M1a UEBH Ka BOIIL
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54. EKCITEPUMEHTAJTHA BAJTUIIALIUJA CFD
MO/IEJIA TYPBYJIATOPA

V nornaswy 54 npexcrampena je exkcnepumentanna saympaumja CFD mopena
TypbOynaropa, koja je objamsena v pedreperain [126].

Pesyarrarit CFD cumymanuja oy ynopebenit ca excreprMeHTATHUM MCITUTHEAHITMA.
Y Tabenu 5.9 je npukasano to nopebemse 3a e cecuje mepersa. Y coiv nopebersina,
3a rpaHmaHN yoror 3a CFD mofen yieTe cy yiasHe Bpe[HOCTH AMMHOT raca obujerHe
HPWIMKOM Mepetsa. 3a npeo nopebere v Tabenn 5.9, Tabena 5.7 npukasyje cacrtan
numHor raca pok Crmga 5.3 npukasyje msmepene remnepaty pe. Ms TaGene 5.9 ce sunm
na mpukazaHa nopebera npukasyjy gobpo nmormaname. Y octanmMm MepersimMa,
MaKCMMa/IHE pavTuke uimeby npocedHe M3MepeHe TeMrieparype THMMHIX FacoBa M
rortorHor drykca ca CFD spepmocrimva oy Bune 4.2°C w 3.6%. Bpennoctit dhaktopa
Tpersa w Hycenrosor Opoja cy pogatio ynopebenn ca  excriepumeHTanHM
PeIvVIITaTHMa U3 TUTEpaType, 1070 j& KacHMje ¥ MPUKA3aHo ¥ Pe3yiTaTiMa.

TaBena 5.9 | llopebeme mamepenux u CFD spennocrn 3a wcnurusany ues {d4=82.5mm,
e=5mm, p=40mm, I'V - rparnunn yenon) [126],

Mamepena  Mepua CFD Hamepena  Mepua CFD
BPeQHOCT  HECHTYPHOCT — CHM. BPeOHOCT  HECHIYPHOCT cinL
Tepsmuka
CHara KoTia 17.42 +0,39% - 158.11 +H1.38% -
kW]

P 'Vaa I'¥aa
M“‘“'""I kgjs] 0003766 7% CFD  0.003917 £7% CFD
e bl MOIES MOLEI
VI EETIE] I'yasa I'yaa
Temnepatypa 2918 +1*C CFD 297 8 AT CFD
[*c] Monen Mol
Manasna
Temneparypa 18926 +04°C 18802 1936 H14°C 192.22
(€]

Torwiorm u, ;
bryxc W] 424 +698% 429 4449 +H 98 % 454

3a npazny ues, pasimka usmeby dakropa rpera nobujenix npeko CFD mopena v
Konakose jemmagnme [194] ce pasmmigyjy y oncery om 21-83%. Ha Covum 5.7
npukasaHo je nopeberse hemmjekor 1 CFD sofiena 3a OpasHy UeB MCTHX AHMeH3nja
Kao ucrmTreasa nee. Cimika 5.7 npukasyje gobpo nornanarke. Pasnika je v se/nikim
Pejronacosum Opojesuma Koju Hucy koprmifieHn ¥ MCIIMTUBAHO] KOHCTPY KIMjH.
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30 Ynazua tTemneparypa AMMHOr raca 291 85 °C

o nesic

240
H wopen
. .
i" 230 .
- i
200
180
o 5000 10000 15000 20000
Re

Cnnka 57 | Topderse wviamin resneparypa msaror raca pemsbee herngessmnn CFD sopemon a npasy
LLEH MCTIDG IDNeHA Kao sscrnrreana tes (Cnma npeysera ws ped. [126]).

5.5. ITPOLIEHA YYMHKA

Y nornasey 5.5 npeicraribeHa je npolieHa yUMHKa, Koja je objasbera v pedhepenin
[126].

Hajuemliu xpurepujym 3a npoueny tepMoxuipayiuuHmux nepdopmascy TexHuka
nobosinarma  jecre vEynHu ogHoc nobowwatka. Jedwmminne ce kao  opHoc
nobomtatka Tpatcdepa Torore u dakropa Tpema [127]. Kpurepujysm sa npotieny
yumnnka (PEC) [184] npencrarisa ognoc koju ce kopucru 3a nopeberse paviymanmi
TEXHUKa MacHBHOT oboIbIaR: 1TPK MCTO] cHasu u oapebyje ce Ha ocrony dopuyie:

1
-
PEC = al (/L) (54)
Ny, \fp

ITpu wemy napoeu Ny, n [ npencraemajy Hycenros Opoj i dpakTop Tpemsa 3a 1ee ca
TypOynatopuma y ofumky e, a Ny, u f, npegcraesajy Hyceirror Gpoj i daxrop
Tpera 3a npasay tes. Panmmros daktop Tpema ogpebyie ce mpexo dopuyre:

e e LN
f= ol d. E:p (5.5)

32-1-mgy
[Tpu uemy my, npeicrasba MaceHN MPOTOK JIMMHOL raca, p - IYCTUHA HA CPeiiboj
remrepatypn u Ap - mag npumncka vy ueswm Typbynmatopu y obinmky xune
nofosmasajy Tpadcdep TOINIOTE KOHBEKIHIOM, M V MCITHTHBAHOM TEeMIIEPaTy PCKoM
OTICETY, JIeNTyjy Kao JojiatHa opebpeHa NMospiiHa 3a spaderse cvetne raca. [la 6u ce
maberao yrinaj Tpancdpepa Tormote 3paversem, Hycenrros Gpoj ce onpebyje npeko
dropuyne:
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N, = M {5.68)
b A-A-AT,

[lpu wemy () nperncrasmba yKyIHM Tpancdep TOmoTe, (... — TpaHcdep TomoTe

spadersem, d = 0L0B25 m - yHyTpallis: NPEUHNK LHEsH, 4 - TOIUIOTHA TPOBOIVEHBOCT

mumior raca, A= 0.119 m* - nospumma uesu, u T, - cpenssa JOrapUTaMcKa

TeMIIEpPaTypPCKa pasiHka, koja ce oapebyje npexo dopuyite:

AT. = Tag, — Tag,
m i (ngu - Tcn-iu) (5.7}
Trig; T Tce‘:riu

Mpu wemy Ty, 1 Ty, NpeacTaBbajy yiasHe U MITAIHE TEMIIEPATYPE [IMMHOT raca, a
Teevi, = MPOCEUHY TEMIIEPATYPY VHYTPAIIESE MOBPLIHE LIEBH.

V wernrusaHom i’.‘-"f}"'-laj}l'. MOCTOjH TPEHI’.'L'PE]J TOIUIOTE 3padyerbeM Ca JMMHODP Faca Ha
su pesn. Crora, jennadvnia 54 je mano vwiMerseda Kako OM ce ypadyHao yKynaH
TpaHcdlep TOIOTE 3a orpaHiMeny ayxmHy mesn. Hycerroe Opoj ce mema ca
VKVITHUM TpancepoM TOIUIOTe, [M0K Cé ¥ HMeHMoLy jequawine 5.6, Manuuros
drakTop Tpetba MEba ca YEYTIHUM [a/10M NpITHCKA, Tj.:

1

Q (ﬂp)_j 5.4
PEC, = — .| — (5-8)
70, \ap,

ITpu wemy naposn 1 Ap npeacTaBbajy YKYIIHI TpaHcdep TomwoTe 1 (hakTop Tpetba
3a ues ca Typdymatopuma v oMKy xuue, a , u Ap, Npencrasmbajy yKYIHN
TpaHcdep TOIIoTe 1t (paKTOp TPeksa 3a IIpasHy Les.

Kako mumoBomHe mesr racHdMKammMoHOr Komia ®Ha Ouomacy Tpeba ma Gvmy
ONpEMIBEHE TYPOY/IaTOPMMA, KOjI MCTOBpEMeHOo noborkimasajy TpaHohep TOIUIOTE 1
cripevasajy nprbare, 0cHoBa 3a nopebere Tpeba na dyne noctojehia koscTpy kimja. [a
Ou nocrojely KoHCTpYKRUMjY ynopeu ca apyruM Typbynatopusa y obimaky e,
Kopucru ce koeduimjer yunnka (COP) [185]:

&
() a0

Koedmmjerr yumiika (COP) nokasyje sermramny nosehaisa Tpancdepa toriore, AQ
y opgHocy Ha noeeharse chare nymmamsa, g, - Ap/p, [185]. domatho, moxe ce
npimvernTH Ge3 THX pasmika (AQ, Ap), 3a npoleHy yuwHKa ceakor TypOynatopa y
ofiMKy JKMLE Y AaTiM yoloBuma. Y TOM CIy€ajy, YMeCTo pauiMke V MajoBiMa
MPUTHCAKA IaMely IBe KOHCTpYKIHje, ToTpebHO je KOPUCTUTI VKYIIAH Mam ITpUTHCKA
3a ceaky KoHCTpykUmjy. Osaj koedmuujedt je osnauen ca COPy, w1 sa pazmky o COP,
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¥ MMEHMOLIY MOCTOjW eIeKTPITHA CHATa IMoTpefHa 33 NPesasiiaxere Maja mpuTHcKa
y uesu:

CODy - ¢

(% ¢ ﬁp) My~ M

(5.1

OBo je anconyTHH MHINKATOP Koji IpeacTasba onHoc uimeby yrymHor tpancdepa
TOIZIOTE W eNeKTpidHe eHepruje noTpebHe 3a Mpepaswilakere Naga OpPHTHCKA V
LEesH, Mo MPeTHnocCTaskoM [a je podujeHa o MCTOr ropMBa Kao [peHeTa ToIoTa,
Mermmusanm KoTao 1 ciimyHe KOHfTP_"r"KI{ﬂjE YBEK HME}}’ EJIEKTPHYHW BEHTHIIATOP 3a
OPUHYAHY LUHPKynaiujy auMuamnx racosa. C obanpom ma ce panm o KOmiy Maie
TepMUUKe CHare, ePUKACHOCT MAIIOr BEHTWIATOPA Ce NPeTHocTaba Aa je 1, = 0.4
[200]. TTpoceuna enexTpria edpUKACHOCT 33 TIPOVEBOIIEY ENEKTPUMHE eHepTHje 13
Buomace ce yanma na je 1, = 0.25 [201].

5.6. PE3YIITATU CFD CUMYJTALIUJA

1

9 NornapLy 5.6 NPENCTARBEHN CY Pe3YITaTH cuMylallija, Kojiu cy objanbeHn y
pedpeperinin [126].

Cee ananmse cy M3BpIIeHe 33 e Koja je UeTa Kao UCnuTuBata (Hakie, npedHuka
d=825 mm u nyxune =460 mm), ca ucToMm VIIa3HOM TEMITEPATYPOM [IMMHOL [aca of
2918 °C, umjn je cactap gar y Taberm 5.7. AHarmaupan je ymumaj Ty pBynatopa y
obruky #ime ca  Ge3s KoHycHOT flena Ha oroGogHOM Kpajy Typbyiatopa Ha
permatueno  Manoj ayxunau on 460 mm. 3a npaswmo wwmnhene nospiiuhe
uCrUTHBaHE [esn, Kopuinhenn cy kopaiu TypOynaropa v ob/IMKY AKuULle ¥ OTICETY of,
30 mm mo 50 mm u, opeusuI Kue v oncery o 3.5 mm go 8§ mm. Cumynaipje
kopucre puckperte Pejrnonncose Opojese kojn oy upukasanmn ca ojrosapajyhinm
MaceHuM npoTouuMa aumHor raca y Taberm 5.10. Y wcroj Tabenu npukasanm cy
pesviaTaTi TEMIepaTrypa 1 5P3F1IIE'I AVMHENX racosa Ha M3/1asy 13 THMOBOOMX e8I,
Kao M MafloBi MTPUTHUCKA YHYTAP X,

Tabena 510 | Pejuonpcosn Gpojesn ca oprosapajyhius sMacenus [mpoTonusMa gusuor
raca. 'I'unm,-pm-ypo 1 ﬁ-P'lI.I}ILT AMMHUX Facoma Ha b‘l].]la.‘l}’ HI JHMOBOINMMY LesM, Kad n
MALOBEN TPUTHCOKA YHY Tap wux [126].

Re 2207 2637 3281 4353 6492 10759 16081
Ty kg /s] (00377 000452 000565 000733 0.0113 0.0188  (.0282
Ty, (DN4O, npasna uen) [=c] 233.81 2379 24157 M574 25093 25656 26047

Ty, (DN50, npasna nes) [°C] 22488 23339 24104 24816 25376 259.27 26298
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Ty, (DN6S, npasua ues) [°C]
T4y, (DNBO, mpazaa ues) [°C)
Ty, (DN100, npasna ues) [*C]
T4y, (DNBO, e=3.5, p=30) [*C]
Ty, (DNBO, e=3.5, p=40} [°c]
T4y, (DNSO, e=3.5, p=50) [*C]
T4y, (DNBO, e=5, p=30) [*C]
Ty, (DNBO, e=5, p=40) [*C]
Ty, (DNSO, e=5, p=50) |°C|
T4y, (DNSO, e=8, p=30) [*C|
T4y, (DNBO, e=8, p=40) [C|
T4y, (DNBO, e=8, p=50) [*C]

Ty, (DNBO, e=3.5, p=40, i=60)
[*cl

Ty, (DNBO, e=3.5, p=40, 8=90)
[*cl

T4y, (DNBO, e=3.5, p=40, B=120)
[*cl

Vg, (DN4O, npasma nen) [m/s]
Vg, (DN5O, ipasna ues) [m/s]
Vag, (DN65, npasua ues) [m/s]
vy, (DNBO, npasma ues) [m/s]

gy, (DN10D, npasua ues)
[m/s]

Vyy, (DNBO, e=35, p=30) [m/s]|

Vg, (DNBQ, e=35, p=40) [m/s]

217.38

212,14

205,05

191.39

196.29

200,52

183.68

188.02

193.08

168.51

7406

177.53

196.69

199.11

3.7

2.28

L36

(.98

0.57

0.97

(.98

22453

21978

2109

195.01

200.68

20536

1875

193.12

19752

1711

17741

181.04

201.61

20387

20452

4.47

278

L.65

1.19

0.7

118

23358

228.62

220.4

20038

206.15

21113

1521

197.37

20296

17497

181.48

186.08

207.6

204969

210,15

5.63

352

200

1.51

(.88

149

1.49

243.66

23759

230.98

26.63

21319

21833

197 81

203.87

209.91

179.34

186.02

191.56

21519

216.96

21719

255.63

251.82

244.63

215.68

22208

228.01

205.72

213.02

219.64

185.74

154.38

200.89

11.46

7.2

4.34

314

1.54

3.06

261.59

2623

258.72

226,65

233.86

239.52

216.6

22511

230.52

193.86

20284

209,77

19.29

1212

314

265,25

266,22

266,65

235.45

244.62

249.38

22528

234 82

2423

203.57

216,27

22521

183

11.04

B.02

437
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Vg, (DNBO, =35, p=50) [m /s]
Vg, (DNBO, e=5, p=30) [m/s]
V4, (DNBO, e=5, p=40) [in/s]
Uy, (DNBO, e=5, p=50) [m/s]
Vg, (DNBO, e=8, p=30) [m /5]
Uy, (DNBO, e=8, p=40) [m/s]
gy, (DNBO, e=8, p=50) [m /5]

Vg, (DNBU, e=35, p=40, B=60)
[m/s]

Vag, (DNBO, e=35, p=40, B=90)
[m/s]

V4, (DNBO, e=35, p=40, B=120)
[m/s]

Ap (DN4D, npasua uen) [Pa]
Ap (DN5D, npasna nes) [Pal
Ap (DN65, npazaa ues) [Pal
Ap (DNBSD, npasna ues) [Pa|
Ap (DN100, npassa ues) [Pa]
Ap (DNBO, e=35, p=30) [Pa]
Ap (DNBD, e=35, p=40) [Pa]
Ap (DNBD, e=3.5, p=50) |Pa|
Ap (DNB0, e=5, p=30) [ Pa|
Ap (DNBD, e=5, p=40) | Pa|
Ap (DNBD, e=5, p=50) [ Pa]
Ap (DNBD, e=8, p=30) [ Pa]

Ap (DNBO, e=8, p=40) [Pa|

(.98

(.98

0,98

.98

0,99

0.99

(L.93

.98

(.98

(.95

1.758

0.792

0305

0.166

0.06

0809

0.757

0.691

1.126

1.081

(.99

1.777

1.761

119

1.18

118

1.18

1.03

0.386

0.213

0.078

1198

1.059

(1.965

1561

1526

259

2434

1.5

149

149

1.52

1.53

1.53

1.51

3.499

1.318

0.513

0.285

0.107

1.674

1.592

1.451

2328

2.251

2.076

3.696

3.651

203

202

202

202

2042

0.734

032

0.158

2.834

2.675

2446

3.914

11,876

4.018

1.261

(.686

5.063

8164

7.815

7.236

13.243

12.827

5.27

5.2

5.24

528

53

532

30.138

9.969

3079

1.488

0522

14.763

13.852

12.925

20.597

18.703

14.228

42.606

785

7.88

752

7485

7585

B0.787

20.812

6.232

3.051

0.916

30.56

28.566

26,083

43.437

41.241

37546

77.78

71.636
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Ap (DN8O, e=8, p=50) [Pa] 1677 2308 3479 5593 1221 35829 65.658

?!f ljDNﬂﬂ* e=3.5, p=40, B=60) 0741 1033 1539 259
a

f\; IIDNSB. e=3.5, p=40, B=90) 0697 0975 1478 2512
[}

?;* t}UNﬁﬂ: e=3.5, p=40, B=120) 0.67 0542  1.429 244
i

Ca Crke 58 ce sinm, na wro je sehn Pejnonmcos Gpoj To je sehn v rpancdep
rorore. 3a netn Pejnonncos Gpoj n Kopak, MoXe e 3aK/bYMHTH a je ko Hajseher
npedHiKa #ule Hajseln 1 Tpancdep TonnoTe ca AMMHOL raca Ha KOTIIOBCKY BOIY.
Belin TPEYHIIIN XUIE MPOMOBUIIY O[Bajarbe TOKa CTPYjatha HU3BOIHO OJL KHIE, 1
camum THM noborsasajy Tpancdep tormore, To ce suan n wa Cmangw 5.9,

—- - DINED - npaisa ued
O DNBO-e=15, p=30

wslliees DMBO - e=1.5, p=40
o DNBl-—e=15, peSi
a  DNBD-e=5, p=30

000

—ir— ONE0 ~e~5, p=40
&  DNED - =5, p=50
o  DNB0-e«B, p=30

lag [Q)

==« [INBD - o=, p=40
o DNBD - e=H, p=50
> DNBD—e=1.5, p=20, =60

e DNBO - e=15, p=20, =50

6  DNBO-e=15, p=40, §=120

2000 log (Ra) 20010

Cmaxa 58 | Yynmm rpancdsep Tomome y MomimimiHo] Les Y SBHCHOCTH oL Bpcre Typoyrermopa v ofmimy
pute i Pejraryconor Gpofa (Croka ipeyera i pedp, [126]).

V pany [183] je Hasepeno na nocroje apa edexra koje TypOynatopn y obimky auie
MPOMIBOJIE: POTalMja CTPYjarsa jeirpa 1 ofiBajare ToKa Crpyjarsa HITIBoIHo o1 Kulle,
O6a edbexra cv Bupsnea Ha O 5.9. PoTtarmja crpyjatsa jearpa je Mame WipaxeHa
sbor kparke pyxuHe ucnTusade uesw. YV ncnurmsanom oncery, kpalin kopauwm
Takobe nobommasajy Tpancdep Tomore (sunern Crmxy 5.8) u oba edexra
nperxonno Hasegena (Bupgern Gmry 5.9). Mebymiu, manmm Gegpumensnonn koparii
cuameyjy Hycerros Gpoj, a camimym THM u yKynaH TpaHodep TormoTte [184]. Mamm
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DeagMeH3MOHM  Kopallt HUCY WCOHTHBAHW jep oy HenogoOHM Ca  acrekTa
CrpeYasarba MosPIINHCKOT T harba.

Typbynatopit y oMKy ®ULE CTYV:KE Ka0 HEKa BpcTa pebapa 3a 3paverse, amM Ha
MCITUTHBAHOM TEMITePATYPCKOM oncery Taj edekar je sanemapibue. YV nopebemy ca
YEYIIHUM TpaHcdepoM TorvioTe, spaderse je Hajpehe npu auckum PejHomnzcosim
Bpojesitma 1 msaock 13% npn Re=2207 no mame o 2% npir Re=16081. 3pauetse nma
Hajeehn yTuna) Ha ykynHu Tpascdep TomoTe y mpajHo] UEBM NPH HajMarmiM
PejnonacosumM Gpojesiiaa.

Bpamna [m/s]
2.3

2.04

0.51

026
Ly

Crnxa 59 | Peavrrrani Gpasmioxor norsa CFD arnaynanpa yHy rap [esoso/ee uess HasmHor rpessima DNS0D
ca TyphyiETopiva ¥ oy seiug; a) e=3.5 mm, p=Slmom, B) e=8 nom, =30 mom (Conka npeyaeras pedp. [126]).
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Ha Ciurr 5.10 npukasanu ¢y pesyirati Temneparypekor noika CFD cumyratija
YHYTap AMMOBOIHIX LEBI PasTnaiTix npeutiika Oes TypOynaTopa, 3a ofrosapajylin
macenn npotok o/ 0L.003766 kg/s. 3a nomenyri npoTok 1 npema nogamuma s Tabene
5.10, TemmepaTvpe IMMHMX FAcOBa Ha WIAa3y W3 AUMOBOIHUX LIEBH KPETare cv ce y
oncery on 203.05-233.81 °C, Gpaune musanx racosa op 0.57-3.7 m/s, nok je mamg
npuricka y uesisma buo y oncery o (L06-1.758 Pa. 3a cee octane npoToke, pesyiraTi
remreparypckor nomsa CFD cumynanmja gati ¢y v Tpunory 7. C obsupom na je vy
MCIIMTHBAHO] KOHCTPYKLMjM pasMersMBad  Torviote vy obiuky Uesn  HasusHor
npestmka DN8(, v nacrasky cy cumynanmje pabetie ca TypbynaTopumMa caMo 3a
MOMEHYTH [TPEYHMK LeBI.

TiERneEaTypa (O]
20a

=8 2918
I 298 I 27 I a0
BT A 224 2581
2652 MurT 2412
2429 2330 ¢ 2243
307 2183 278
FAEY a7 190.8
6.3 18610 1737
1684 1 1743 156.9
181.9 558 140.0
16a.7 AT 1233
a) &) B}
FEMI R TV L] remnepatypa |C]
2018 218
I 743 I 1za
2667 |27
22 2332
2214 iy
2081 1841
1865 LT ]
184.8 1561
151.4 1258
1319 116.0
1163 96.5
T) )

remnepa vy (]

rmnepaTypa [T

Croaxa 510 | Pesyrrram resawparypesor iovsa CFD oy iamga yHymap om0 es pasnamor
npeaEka Ges Ty phyrmropa; a) DN, G) DNGD, s) DNGS, rj DNSO, 1) DNT00

Ha Chumxkama 5.11 u 512 npukasaHu cy pesynram remneparypcekor noika CFD
cHMYJIalnja YHYTAp IUMOBOIHUX Lesn ca TypOynaTopuma 3a orosapajyhni Macenm
npotok o 0.003766 kg/s. 3a momenyTi MpoTok M nMpema mogarmva w3 Tabene 5.10,
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TeMIepPaType JMMHHX TacoBa HAa M3y M3 IMMOBOIHWX [eBH KpeTare ¢y ce y oncery
on 168.51-200.52 °C, Gpaune mumuux racosa o 0.97-0.99 m/s, nok je man npurHcka y
uesmma Ouo y oncery op 0.67-1.777 Pa. 3a cee ocraie nporoke, pesyirati

resmepatypekor norka CFD cinynarmja paru oy y [puory 8.

Tesneparypa fC] Temnepatyps fC] e iy ]
2on e O F
53 26549 59
2388 2400 [ 2400

| 333 4.0 2141

| 1858 1081 1882
158 3 I 1622 629
1328 [ 136.1 1364
1063 104 1na
a8 B S
T St 6 557
e [ T ne

|
al 6) 8]

wowepell e R
5.3 = 2651 ELLE
e 2380 Z3ER

| ;23 | (2123 2123
1858 1858 1834
1503 | l 1563 1503
1328 | i 121 1224
1083 l 063 1063
i1 L I ThE TiE
523 | | 513 523
By l I wG Y

I| |
) aj L)

Crimxa 511 | Pesyrmam resmeparypokor morsa CFD conyimoga yHyTap MIvMOoB0IHE HEBH HATEHOT HPEestika
DNSO ca ryphyrarmoprses v ofrmsy aous; a) e=35 mm, p=30 mm, 0} =35 mm, p=40 mm, &) £=35 mm, =50 mm,
r) =5 mm, p=30mm, 1) =5 mm, =4 mm, B} =5 m.m,pwiﬂmm
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l i " i o]
| I I l
weanepatypa I€] \ ] TemnepaTypa [0 I TomeppaTpa [C]
min l i = l 2018 l
53 || 663 FoE
FEt L] X i 308 I 88 '
2123 i ] 2123 2123
858 i 1854 l 185.8
1593 | 1 1563 I 180.3
1328 i i 1328 8
1863 ¥ 106.3 I 1083
6 ¥ l TE I 798 l
513 A i 533 533 1
= \ i ms | %9 L
i
k .
S| 6) )
TEMrEpatypa ] remneparypa ] Tamneparypa 1]
2018 294 o
l oAV ] 2053 53
10 TAEE <"1 ]
908 . | 3123 23
2102 1858 e
888 1553 1583
150 4 1328 I 1328
1400 106.3 I 1003
1208 98 b1
1002 533 l 833
BB 26.0 l w9 |
)
1} al Bl

Crinra 512 | Peyrmams tesmeparypesor o CEDCmynariga yieyrap [Isonoe Lem HasBior [peais
DNS0 ca rvpbyramopioaa v ofmmy sowwe; a) e=8 mm, p=30 mm, 0) e=8 mm, p=40 mm, u} =8 mm, p=50mm,r)
=353 mm, p=40mm, 0=6F, 1) =35 mm, p=1 mom, =90° ) =35 mm, p=40 mm, 0=12F,

Ha Cmugi 5.13 nmpukasas je daxrop Tpersa nobujest jepnauntonm (5.5), koju 3asucy of
Pejuonacosor Gpoja 1 epere Typbynaropa y ofimky xuue, Mako je y nurary kpaha
Les, MDA 3a npasHy Les noxkasyjy nodpo nokinaname ca rnosiarom Brasujycosom
jennavmnos. Hajpehie omcryname je na nowetky npenassor pexmma. [lopaimnm
gobujert 3a TypOyiaarope y obiamMKy XuUe nNokaiyjy gobpo noknanase ca
EMITMPHICKOM jeiHaYMHOM Kojy ¢y npemioxkiw Fapenja w ocranm ayropm [182].
Maxcumanno ogcryname je 13.3%. lapcja 11 ocranu ayropu oy mobumt eMompujcky
jEAHAYMIHY HAKOH BE/TMKOT Opoja eKcliepuMeHaTa ca MellaBiHaMa BOIE M TPOITIeH
CIMKOMa.
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Crmxa513 | Paxmop Tpesa ¥ JsHCHOCTI O BpcTe TvpDviaTopa v olvmky s (Cnika npeysem v ped,
[126]).

da bu npouemvm ucnuTuBane goHcTpykije, Hycemros Gpoj je m3pauynar ua
ocHOBY jemHaumHe (5.6), u npukasas je Ha Crmanwm 5.15. Mlako je y nuramy kpaha nes,
nobujere spenHocTH ce cnaxy ca npeasubareima Tapeuje  octarmax ayTtopa [182).
Huxopa emrmMpijcka jenHasina je npukazada #a Cman 5.14 1 ve yanma vy obanp
npedHuk #xuie Typbynaropa. Cnmka 514 nokasyje na je najseha saBucHocT
Hycerrosor Gpoja oi kopaka 3a Hajselin npeuHuk xuite TypOynaTopa.

0 DNBOD - g=1.%, p=30
=B MBI o= 1%, pedi]
@ ONBO - o= L5, p=50
- 4  DNED - e, p=30
=L o B | BT - e, ped

at™ &  DNBOD - e, psSD
O DNHED - e=ll, pr30

= i . (TR - e, pealh

S
'_-_.-" |
Mo = D12 (p /) o473 g VT2, p 007 — = DHEG - w= 15 pedil Ui

& DNBD - -, p=50

== DN — g5 prlll, B35

—i = DNED- #00.% el G120

FED Lo Lo ] o) Re XD L0 A0 SO0 110 o]

Comnxa 514 | Hycerrros Gpaj v 3asmcsocm o Pejaonsosor Gpoja i spore TypOynaropa v obmiky o (Cnika
npeyaera i ped, [126]).
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Ia Gut ce cripeunio Mpbarke, MCITMTHBAHA 1eB 3axTeBa TypOyaTope y obnuky xuile.
36or Tora, jennaunna 3a COP (5.9) nopeau ucrmrmuBade KOHCTPYKLMje ca mocTojehions
(mpeusmka e=5 mm, ca kopakom o p=40 mm) sa mect pazmumaTIx PejHonmcoBmx
Dpojera. Ha Criinm 5.15 je npukasano to nopeberse.

o DMBD - #23 5 =30
& ~=f-- DONED-#=15, pesd
E‘ i =] DFED - =3 5, p=50

= a a
b A DMBD-es5 pui
TR 4

b —ir—  DNED - 275, pral

g g hats 5

3000 : “'—'i-_,‘ ¥ A ONBO-exs pes

e @ 8 Tha

& R A O CNEI- sl ps30

-

-, o e,

- T =@ DNEQ =gl psdd

2 <
a DHE] = o=, pa30

3 &
-3 DAY — e=0 5, p=ilDl, G=50
oo DNBD - €208, pa0, B=90°

©  ONBD-p=33, pedd, e=130'

30
2000 log (Re) 20000

Croa 5,15 | Perarsmrns COI sacHoBaH Ha wermimisasos Tvpbysrropy (=3 mm, p=40mm) y sasicHoci on,
Pejrormconor Gpoja sa pasoraime koscrpyrpge (Crma npeysera us ped. [126]).

Hajrehie nobomsimame je xopt Huckux Pejonpcosnx Dpojera, 1 3aHMMBUBO 33 UCTH
npedHuK kuue TypOynatopa o 5 mm. AKo M3y3IMEMD HETATHBaH yTHIA] HA naj
NPUTHCKa, CMakerme kopaka 3a 10 mm mma sehn nosumusan edpear ma Tpancdep
Tormote. Y osoum coyuajy, Marn kopak nosehasa COP. Ha ocrory Xowra 1 ocramix
ayropa [184), cMaretbe Kopaka He mMoxke GHUTH TTPOM3BOILHO jep BP0 Mail KOPaK
emarbyje Hycenros Gpoj. COP omoryhasa nopeberse pasieaurix KOHCTPYKLIMja 1 Jaje
OnTUMAITHK [TpeYHuK axuie TypOynaropa yiumajyhu y obaup tomoran duyke m
CHAry rmymrie.

Cmixa 516 mpukasyje COP: y sasuchocrm on Pejuomacosor Opoja m Bpcre
Typbynaropa y obmiky auue. OBo je arnconyTHy MHOAMKATOP M3pauyHaT Ha OCHOBY
jemmaumse (5.10). Ha ocnosy Crmke 5.16 moxe ce saxpyuuTi jga je Hajseha
ecpukacHocT npu HuckuM  Pejronyicopym Opojermma. [Npassa mes wma wajsehy
eduKkacHoCT 3008 MANOT MaJa NPUTUCKA Y MaMHHAPHOM TOKY M Maie Gp3nte Koje
npomosiny Hemrro sehnn Tpancdep Tomore spaversem. Meby komcrpykumjama
TypOviaTopa v oDIMKy MKULLE, KULA A HajMarbinM npeunikosm o 3.5 mm u uajsehinim
kopaxom o1 50 mm uma Hajsehy edpuracaocT. TTperxoaam nogatm Mory ce oGjacaimi
cnepehnm HYHHE-EHMLIaMa:

#» Typbynatopu nosehasajy najn npuTiicka, a 1eHa 3a mixoso kopumherme ce
rutahia sefinu magom nprTiicka.

# Hucka edpuracnoct (25% ) 3a mponssoamsy enektpidHe eneprije 13 buomace,

» Penamueno nucka edpucacnocr (40%) sa npersaparbe @leKTpUYMHE eHEPrUje

racmy crpyjy-
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Crmaxa 516 | Ancorry s COP, v sasscrocmi o Pejronpcosar Bpoja 3a pasiisine soscrpyrisge (Crika
rapeysera it pech. [126])

Bpenu manmomenyTH jla melly KOHCTpyKDMjama ca NMpeuHUKOM Xime o 3.5 mm,
TypbynaTop y obnuky xuie ca KoHycoMm Ha crnobojiHom kpajy mma Hajsehn COP
(Cmxka 5.15). Jopatno, Crmaka 5.16 npukasyje ga ausajH ca KoHycoM Ha cioboHoM
kpajy mma majpehnn COP: meby typOynaropima v obmaky amne. Cmka 5.17
objaltkasa ose YueHnue. HauMe, KoHYC O1pyre Msasisa poTatpjy crpyjatba jesrpa
1 y nopebetsy ca apyrum Tunosuma TypOyiiatopa v ofimMKy Aule u3asusajy Marbu
AL TPUTHUCKA Ha CAMOM YI1asy.

Bgramma frys] Pagan B
2.3

204
179 U
\ S
153 Papan b
1.28 .y
162 '1'
']

077
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0.51
0.26

Cmiea 517 | Peayrrrami Gpssmickor novsa CFD comyranga yEyIap iysosoie Hes sasisHor mpedenka DNSD
CaTYPEYIIATOPOM ¥ OBIIKY #MLE Ca KoryooM Ha crioBopos kpajy (0=3.5 mm, p=d0 mm, 8=60°), (Cnmxa
npeyaeta w1 pedp. [126]).
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Typbynatopun uMmajy sHajsehm yruua) na nobommamwe Tpancdepa Tomwore y
npenasaom pexxumy [183]. Ma ror pasnora, Criika 5.18 npuxasyje PEC uapauyHar Ha
OCHOBY jesHaunHe (5.4). OBo je OmuTH KPUTEPHjYM KOjW ce KOpucTH 3a nopeberse
pasnuuuTux TUnosa Typbyiaaropa. PEC u PEC: umMajy uaeHTUYHE 3aBUCHOCTH 0Of]
Pejrosnicosor Gpoja. Y nopebery ca PEC, PEC: je mareu on 1. PEC nokasyje aa je
ONTHMaTaH orficer 3a yrpanmy TypOynatopa y obmuky suie (v WCTTMTHBAHU
pasmersueau Toruiore) sa Pejronpcose Dpojese mameby 2500-3500, oocHo 3a Dpsnne
OMMHIUX FAcOBa Ha yiaiy y ues v oncery og 1.35-1.8 m/s.
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Crmga 518 | PEC s save Pejroricone Dpojese v SasucHOCTH O KOHCTPY sLja Ty pOyiaropa v oDy s
(Crnra mrpeyseta v pedp, [126]).
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6 SAKIbYYAK M ITIPABLIV JTIAJBUX
NCTPAXNVBAA

Pesynratu npencrambenwu y aucepraimju npyxajy saxHe yswie y xopumherse
BATPOCTAIHE KePaMUKe ¥ TYpOV/IaTopa ¥ KOTIOBIMA Ha B1oMacy MaTHx TePMITMKNX
cHara. Ha ocHoBy cripoBe/ieHix UCTpaknuBaiba 1 100mjerix pesyirara dopMmyiincaiu
€V 3AKBYHLM KOJM MMAjy TEOPHjCKI 1 MPAKTHYHI 3HAYaj, U OIMCAHU CV ¥ HEKOJIIMKO
LelHa.

Y normaemy 3.1 onwmcana je nocrojeha koHeTpyKIMja racudUKaMoHOr KoTia Ha apsa
Tepmuuke cHare 25 kW. [lakne, nwe je Guo j1a ce onrosopu Ha NHTarke Kako
yHarpe/JIMTH caropesarke yHyTap Komia. V Ty cBpxy, NpejioAeHo je HOBO pellleHe
HﬂiE KEOPUCTH BHIIECTENNEHO CBFDPE’EE[H:E }'3 HOBY KﬂHCTP}'KLlHi}’ EaHala 3a }"EGEEH:E
l'IPE.T.I;l'PEiaHGl’ IT]JHMEFIHDF 15 CEK}-’H,E[HPHDT EEB,H,‘:,"X‘.E !,-" I'ECHqJHKBLD"[ﬂ}IY M K{'.IMDFI}' 3a
caropepatbe. [Ipuopurer je mar obesGebupamy wro edukacHujer wMemarsa
CEKVHIAPHOI BASIYXA Ca TOPUBUIM FAcOM KO 107231 13 racudKaliioHe KoMope.
Ba#Ho je HANOMEHYTH ja OTNOPH CTpyjarba HPMMapHOr M CeKYHIAPHOI Basayxa
Tpeba f1a Oyay npubiMaKHO UCTOr peia BemamHa, Kako Ou ce obesbenwio crabuimio
1 KOHTPOJIMCAHO yiTpasbarse. HyMepimika cumyranmja je nokasana a npuMapHm u
CEKYHIAPHN Ba3/LyX yiase y KoMope ca Op3nHaMa Koje cy criopuje ofl sebedux. Opaj
npobdiem ce MOKe PELTH POMEHOM MOMOKAja 1 BETMHIUHOM OTBOPA 33 CeKYHIAPH I
saynyx. lloctemeno ysobeme pasmyxa Tpebasio Ow fa cMamy emucHje YITheH-
MOHOKCH/IA, a30TOBUX OKCHAA M JIAKO HCTIAP/BMBUX OPraHCKHX jeflumberba, 10K bu
npeycMepasarbe rlaMeHa Tpebasio [1a 10BeJIe [10 HUKUX eMUCHja YecTHiia.

V nomiasey 3.2 omicaria cy eKClIepMMEeHTalHa MCITUTHBAMA racudpMKalMoHe KoMope
KoTIa Ha apsa Tepamimke caare 18 kW. Ha ocnosy wcmrmueama n gobujerix
pesy/itarta, yrspbeHo je j1a cacras 1 TemiiepaTypa HpoM3BEILeHOTr FTOPUBOL raca 3aBuce
on caenelinx napamerapa:

» bpoja mapxe. INppa map:xa je Hajnomwioxamja cpopmmpary kasamaha y cnojy
racudpmropanor ropusa. Oesn kasammhu Hapymasajy crabunHoct pajga Kotia,
aJI1 Ce FUXO0Ba Tojaka IMOCTENeHO CMatbyje Kako ce Ha JIHY KOMOpe HakyTusajy
CUTHUjM KOMagM [pBeHOr yrka. Y TOM TPeHyTKY KOoTao npenasd Yy
CTallMOHAPHI PAJTHN PeXMM,

» Pacrojama of oTBOpa 3a MPUMapPHI BazTyX [0 OTBOPa 3a M3na3s u3 komope. Osvo
pactojamse Tpeba na wanocn o 30 go 40 om, a weroBa BpeIHOCT 3ABUCH O
obnmka 1 AuMeHsMja MyIasHoT OTBOpa.

» On obnmmka u penuumue winasnor otsopa. Belnn orsopu  nosehasajy
seposatHoliy nactarka kanavha v nponanama YecTuIa y 30HY caropesarta.
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36or Tora je HeonxogHO nocTasuT ofrosapajyhy npenpeky Ha guy komope. Y
npakcu, npoussobaun koriosa obuuno  yrpabyjy  pazmuuure  THnose
npenpeka, Hajuehe wipabene o sarpocranHor yerika. Omuwja 3a cMarberse
Mporajiatba ropuBa U y3HOLIEha YeCTUIA Y TacHo] crpyji ce moxe rmocrihn u
oarosapajyhim oGnukom Ha Komope.

# TonnotHor driykca Koju ce ca KOMOpe OfIBOJIM Ka BaylyXy 3a caropesarbe,
sarpesaHoj Boj 1 okommHK. Behinn ronmorsm duyke us soxe racudpukanmje ka
BOIM W OKOIUHWM yOIOB/BaBajy noTpedby 3a pehomM KOMHMMHHOM IIPHMapHOT
Baimyxa.

# Bucune 110 Koje je KOMOpa HaNyHeHa FOPHBOM 1 FeToBor ob/miKa, BeTMIiHe 1
BAXKHOCTIL VKOIUMKO Ce KOPUCTE KOMOPE Ca MatbOM KOIMHMHOM ropusa,
moryhe je npumMenuTH KOHLENT TOWIOTHOT PryKCa CIHMaH OHOM KOjM ce
Kopuct koA gyromx  racudpusanuonnx nehn  (popetn Cmxy 3.18).
MakcuMaiHO nyHerbe racuduralMote KoMope ApsnMa, HakoH onpebenor
BPEMEHCKOT 1IePUOoJIa, JOBOIN [0 CMarbetba rojase kananunha.

Kop nenurmsasor tina racudpmkanmore koMope, TorioTHa moli mpousseieHor raca
VITIABHOM je noTuiana ofl canpxaja tepa. [lopen obnermsusama 311083 KoMope, Tep
Hifje creapao apyre npobneme. Cacras noOujenor raca moxe ce objacHHTH penaTMBHO
MaTMM pacTojambes, oko 20 cm (pacrojarse je npomerstmeo, BumeTn Crmiky 3.14),
msMelby yiasHux oTBOpa 3a Ba3AyX M MAIASHOr OTEOPa M3 racudMKalMoHe KOMOpe.
lNac pobujer TOKOM MCIMTHBAMA NPUKAIAHE KOMOPE HallVE-€HEe Ha HaunH Koji je
NPETXOHO TIPUKa3aH 3HATHO ¢ pavimKyje o/ raca aobujeror y peaktopmuma 3a
nctocMepry  racudmkanpjy. Hbherop cactas ogropapa omemn raca nobujenor
CYHPOTHOCMEPHOM FacnPMKALIM]OM 11 IIPOIYVKATA FOTOBO MOTIIYVHOT CAaropesatsa.

Y nornasmmma 4.1 u 4.2 anaimsupano je kopuliere BaTpocTa/IHNX efleMeHaTa y
racudMKAMOHIM KOT/IOBIMA Ha ipBa. Ha ocHosy usspinene cepuje anamisa yTuniaja
PamIMuMTHX MapaMeTapa Ha TpaHcdep TOTLIoTe ca JIMMHOT Faca Ha KOTJIOBCKY BOJLY,
CIIABHI 3AKIBYHIN Y cremehin

» Moryhe je onpenwrn onrmManad obiIMK BaTPOCTA/IHE KepaMMKe, Kao W
orrTHMaian nosoxaj yGauHor 0Topa ropusor raca y KOMOpY 3a caropesarse.
Ha ocHosy pesynrata w3 rmornaska 4211 Moxe ce 3akbyddTH J1a
HajIIOBO/BHU]I YTULA] Ha Tparcdep TOILIOTE OCTBAPY]Y BapujadTe v KojiMa je
yBaiHu  OTBOP TOpPMBOI Taca NOIMLMOHWPAH HajyLabeHuje o yiasa
KOT/IOBCKE BOJIE, & [PH TOME Ce KOPHCTH BATPOCTA/IHA KepaMika MUHMMATHE
nyxuHe npuomokao 1/2 myxwune noxuwmra (Mun. 450 mm). daxe,
CUMYJIaLije Cy ToKasasie /1a [Iy:Ke 3a/lp/KaBare [TMMHUX TacoBa HajlioBO/bHIje
yTuHe Ha TpaHcdep TomoTe.
Y noxuurry Ges saTpoctanHe KepaMuke M30CcTaje edpekaT IyKer 3ajgpaasarsa
OVMMHWX racoBa, Ta ce Ha OCHOBY peiynrata w3 normasba 4221 moxe
JAKBYHMTH Jla HajNoBOTBHUjM yTHUA] Ha TpaHcdep TomoTe ocrsapyje
BapUjaHTa y Kojoj ce nojo:aj ydalHor 0TBOpa FOPHUBOL Iaca Hanasn Hajdinsxe
yHasy KOTIoscKe sofe. Y ToM criyuajy, Bpeni rac ofiMax ociesa v Xy
30HY v D/IM3MHM YJIacka KOTJIOBCKE BOJIE.
F Pamm uinsajarka 4Yecrula Koje crpyja ropusor raca mnpeHocu M3 30He
racudpukanuje, BaTpOCTATHA KepaMMKa ce 4ecTo NoCTawba 1o VIioMm vy

¥
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Y

orHoCcy Ha nogyxry ocy noxumrra. Ha ocnosy pesyrrrata ms nornasmsa 4.2.2.1
MOJE Ce JAK/BYYUTH [Ia HAjIIoBO/BHMM YTHLIA] HA TIPEHOC TOILIOTe OCTBapyje
BapHjaHTa ¥ KOjOj yrao nocras/batba BATPOCTA/THE KEpaMMKe M3HOCKH 57,

Ha ocHosy pesyrrrara us norras/ba 4.2.4.1 Moske 3ak/byHUTH JIa HajloBOBHM|H
yTuiaj Ha TpaHcdep TOIUIOTe OCTBapyje BapujaHTa v Kojoj je ybauawm otsop
TOPHMBOT Taca MO3MIIMOHNPaH HajylarkbeHuje o1 yrasa KOTIOBCKe Bojle, a
acMMETPUUHM pa3MaK BaTpoCTa/lHEe KepaMMKe OJf 3Wi0oBa KOMOpe 3a
caropepatse (150 mm u 50 mm) omoryhasa npoayxkeHo 3agpkaBarbe QUMHIX
racosa y KOMOPH.

Ha ocrosy pesyrrara i3 noriasba 4.2.5.1 Moyke 3aK/byunTH 71a HajIIOBOBHIH
yrutaj Ha Tpancdep Tomwiote ocrsapyje sapujaHTa ca  yioja  Marbom
nebmsoM BaTpOcTAIHE KepaMuke (25 mm) v oQHOCY Ha NPeTxXoIHe aHATHIE,
@ HemTo pehoM IMMPUHOM M BUCHHOM, Ka0 M ca J1VKUHOM BaTPOCTAIHE
KepaMuke npubinekHo jeitHakom 2/ 3 nysiHe JnoKuurra.

Ha ocnosy pesynrata w3 nomasisa 4.2.6.1 mMoke ce 3ak/byVuMTH J1a
peirpesae BaylyXa 3a caropesarhe [oBoJLHO YTHYEe Ha TpaHcdep ToruioTe y
noxumTy (noborbmarse oko 26.43%) 3Dor BUmAx TemmiepaTypa caropesarsa.
Takobe, cactas 1 Temneparype ropuBMX racoBa yTu4y Ha TpaHodep Tomuiore.
Cumyranuje cy nokasaje jia Buile TeMIepaType ropMBor raca kao u sehu
canp:kaj Tepa Y TOPUBOM Tacy MOBO/BHO VTHYY Ha TpaHcdep Toruore, Ca ipyre
C'TPEHE, Mar:M :ﬂIP_lIi‘I }TIEEH—MDHDKCHR&, METaHa ¥ BOIOMHMEA }’ I"DPHBCIM 1":1'-:Il:1'}1Y
HEMOBOJEHO YTHHY Ha TpaHcdep TOIUIoTE,

Viopenta aHaniia HajoBo/BHUJUX BAPWjalTy ITOKA3Aa je 1a sapujarre pyly
(13.33 kW, nornasise 4.2.1.1), pyA; By (13.2 kW, nornasee 4.2.4.1) v d hyt;ly
(13.34 kW, nornassme 4.2.5.1) ca gyxom kepaMukos octeapyjy sehin tpancdep
TOIUIOTE ¥ oHOCY Ha BapujanTy a3l, (125 kW, nomasme 4.2.2.1) koja uma
kpahly KepaMuKy Nocrambedy 1oy yriioMm oj 5% v ofiHOCY Ha NOAYKHY OCY
noxura, OBo yKasyje fa ayxa KepaMuka [pelicTasba [oB0/LHIje pellerse ca
acrneKkTa TpaHcdepa TOIUIOTe VHYTap 0BOT THMa joxkuiTa. Takobe, nokasaio
ce [1a je Hajboska Mo3MLija BaTpOCTa/IHE KePaMMKe Ha M31a3sHOj cTpaHu raca jep
cpasopuIyje KOHBEKLM]Y M 3padil ca BPe/Ior Ha xIagHujn meo. PeayiraTi cy
Mokasamm fa je Hajborba mytama raca y obmuky ciosa L I1°, mpu uemy
KE‘PEMHKB T'PEEEI. g Pmﬁﬂia }?J'I.ﬁS raca Oa M3nasa M3 KDM’DPE‘ 3a campeaame.
Yxkomiko je noTpebHo a Kepamuka Oyrie NocTambeHa Tof YoM, Hajbomse je
na Oyae HarvyTa Ka BparMMa jep ©@ Ha Taj HAauMH 49ecTHHe M [eneo
HaroMunasajy v mesoj oo, Hajnosorsrja sapujanra sg;T5 (17.1 kKW,
norasse 4.2.26.1) nokasana je na je Hajbose pemerse kajga ce Ipenrpesa
BayIyx u 3a racudumxkalinjy v 3a caropesarse, a ga racudpukariuja Gyne wrro
ompke onrumanioj. Takobe, mpeanmo 6u Grno ga rac Gyne ca mro sehom
TOITIOTHOM MORK Kako 01 ce Y IOEMIITY pasMeHiiia peha KonmuyMHA TOIUIOTE.

lIro ce Tuue pedpuHMcaHMX LWEHEBA y MOIJIARLY 5, NpUKaaHux pesyirata u
CIPOBeIEHNX Mepersa, IaBHW 3aK/by i cy ciefehn:

o
Fa

Erxcniepusentanina ucnurusaisa TypOyiaropa v ofiuKky SKMLEe Wi Ipyrix
Turosa TypOynaropa y racudpmkannornM KOTI0BKMMAa Ha Jipsa oy reika 30or
Bapujaliija y cacrasy raca, Temieparypama u nporonunsa. Pasnor je raj mrro ce
OrPEBHO JIPBO Tj. LIETIAHWIIE cCaropesajy y mapaxama.
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#» V nopebeisy ca gpyrim 1e10BMMa OBIX KOT/NOBA, Mal IIPUTHCKA ¥ LIEBUMa ca
TypbysaTopuMa y obiMKy AKuLg je Hecro saHemapubub. Y ToM ciyyajy, a ou ce
nocrurao Hajsehn tpancdep Torviore, Tpebano 6u kopucTiTin TypGynaTop ca
HajpeliM MpeuHMKOM KULIE U Ca HajMarMM KOPAKOM KOjM MCTOBPEMEHO M
omoryhasa v omrosapajyhy npesenimjy noBpimHCKOr nprkarka. CMmarere
Kopaka TypOynaropa He Moke OUTH MPOM3BO/BHO jep BeoMa Maiii Kopaiu
cmarbyjy Hycenros Gpoj.

» COP omorvhasa nopebere paymuuTX KOHCTPYELN]E KOjIt CE8 UCTOBPEMEHO
KOpHCTE 3a noboblnarke TpaHncdepa TOIUIOTE M CHpevaBare Mpibaika, U VY
MPUHITUITY 3a MCTH MTPEMHIK XUIE W IMPOTOK flaje ONTIMATHY KOHCTPYKIIN]Y.
Omuri kpurepujysm, kao urro je PEC, paje orrrumanite npotoxe.

» Ulro je ues ca typOynaropuma y obimky xmme kpaha, To je mMame m3paxeH

edekaT poTauMje cTpyjarka jesrpa Ha nobonmmame TpaHcdepa TOmIoOTE.

Honasatbe KoHyca onpyre Ha ciobDogHoM Kpajy TypOyiaropa y oDiMKY Kulle

moxe nosehatu osaj edpexar 1 epuKacHOCT pasMerbiBada TOIUIOTE.

YV remneparypckom oncery msmelyy 150-300 °C, spavene raca vma Hajselin

yTHlaj Ha edpukacHoct TypOynaropa npu mamim Pejaonncosim Gpojesima.

» V ucnurupaHOM cllyuajy, onTUMaiaH oncer 3a yrpamsy TypOynatopa y
oMKy &uie (Y MCIMTHBAHKW pasMersHBad ToIuioTe) 3a Pejaonsicose Gpojese je
nameby 2500-3500, omocHo 3a Bp3uHe AMMHMX racoBa Ha yiasy v 1EB Y OTcery
on 1.35-1.8m/s. V¥ Npenopy4eHoM oncery, sehe Dpanne TPEEE'! NPUMEHUTH 33
nysxe uesn 30or xnabema raca.

Y

Ha ocHoBy cripoBefienmx aHaiMia, daba WUCTpaxuBarba Mory OuTH yoMmepena Ha
OINTUMIBALIM]Y KOHCTPYKLIMje JIOXMIITA M YIA3HUX OTBOpa Basayxa, yrbyuyjyhin
ITPOMEHY HIXOBE TeOMETPHje U NoJokKaja paayn noborbiaka caropesara ropusor
raca M Baylyxa, JeTa/bHU]Y ONTUMU3ALMY PasMuUTUX MapaMeTapa BaTpoCTallHe
KepaMuKe y3 MCTOBPEMEHO MCIMTHBAME HOBUX MaTepHjalia, Kao 1 Ha crposoberse
CFD upcrinriBarea pasiuMiTHX KOHCTPYKMja TypbByaropa ca muweem 1nodosbiarma
TpaHcdepa TOTUIoTe.
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remneparypa [C]
1688

sg5T2

Temneparypa [C]
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a75 -
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Myamudhynxyuonainocm Kepamunkuy u semainux dodamaxa y komaoBuma na fuomacy

TemnepaTypa [C)]
1658

- 1350




Myamudhynxyuonainocm Kepamunkuy u semainux dodamaxa y komaoBuma na fuomacy

Temneparypa [C]
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sgeT3




Myamudhyrxyuonatsocm Kepasmukux i memainux dodamaxa y xontaobuma na fuomacy

[MTPUJIOT 7. Peaynrratin CFD cumynanija remiepaTypekor roba YHYTap
AUMOBOIIHMX 11eBK Ges TypOynaTopa 3a npoTok AuMHOT raca o 0.00452 kg /s.
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Myamudhyrxyuonatsocm Kepasmukux i memainux dodamaxa y xontaobuma na fuomacy

Pesymrrarin CFD cumynaiija TeMiepaTypckor 1o/ka YHYTap AUMOBOIHIX Uesn Gel
TypbynaTopa 3a npotok ammHor raca on 0.00565 kg/s.
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MyamughynxyuoR@IHOCIH KEPRMUNKUY 1 MEN@nuX dodamaka v Komaobusa va Guomacy

Pesyrrrarin CFD cumynaiija TeMiepaTypckor 1o/ka YHYTap AUMOBOIHIX Uesn Gel

TypOynaTopa 3a npotok aumHor raca on 0.00753 kg/s.
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MyamughynxyuoR@IHOCIH KEPRMUNKUY 1 MEN@nuX dodamaka v Komaobusa va Guomacy

Pesyrrrarin CFD cumynaija TeMiepaTypckor 1o/ka YHYTAp AUMOBOIHIX Uesn Gel
TypbynaTopa sa npotok auMHor raca o 0.0113 kg/s.

manepanypa |
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Myamugbynxyuonaisecm KepaMuyKUY 1 Memainux dodamaka y kontaofusa va fuomacy

Pesyrrrarin CFD cumynaija TeMiepaTypckor 1o/ka YHYTAp AUMOBOIHIX Uesn Gel
TypbynaTopa 3a npotok auMHor raca on 0.0188 kg/s.

|
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Myamugbynxyuonaisecm KepaMuyKUY 1 Memainux dodamaka y kontaofusa va fuomacy

Pesyrrrarin CFD cumynaija TeMiepaTypckor 1o/ka YHYTAp AUMOBOIHIX Uesn Gel
TypbynaTopa 3a npotok auMHor raca on 0.0282 kg/s.
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Myamudhyrxyuonatsocm Kepasmukux i memainux dodamaxa y xontaobuma na fuomacy

TTPATIOT 8. Peaynrratin CFD cumynanija remiepaTypekor roba YHYTap

AMMOBOIIHMX 11€BH 33 MPOTOK IMMHOT raca on1 0.00452 kg/s.
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Myamudhyrxyuonatsocm Kepasmukux i memainux dodamaxa y xontaobuma na fuomacy

DNBD

p=30 mm
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Myamudhyrxyuonatsocm Kepasmukux i memainux dodamaxa y xontaobuma na fuomacy

Pesymrrarin CFD cumynanmja TeMrepaTypokor Moika YHYTap THMOBOIHNX LEBI 33
npoTok aumMHor raca or 0.00565 kg/s.
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Myamudhyrxyuonatsocm Kepasmukux i memainux dodamaxa y xontaobuma na fuomacy
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Myamudhyrxyuonatsocm Kepasmukux i memainux dodamaxa y xontaobuma na fuomacy

Pesymrrarin CFD cumynanuja TemMrepaTypokor Moika YHYTap THMOBOIHNX LEBI 33
npoTok guMHor raca oz 0.00753 kg/s.
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MuymudhyHxyuonatnocn KepasMus KX & Metnaanuy dodantaka i kontioBuma na duomacy
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Myamudgyrxyuonainocm xepamuy KUy u Memaanux dodamaka y xkontoBuma va duomacy

Pesyorrarn CFD cumynamitja TeMnepaTypokor Noka YHYTaP IHMOBOIHMX LIEBI 33

MPOTOK fuMHOr raca o 0.0113 kg/s.
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Myamudgyrxyuonainocm xepamuy KUy u Memaanux dodamaka y xkontoBuma va duomacy

Pesyorrarn CFD cumynamitja TeMnepaTypokor Noka YHYTaP IHMOBOIHMX LIEBI 33
MPOTOK [MMHOr raca o 0.0188 kg/s.
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Myamudgyrxyuonainocm xepamuy KUy u Memaanux dodamaka y xkontoBuma va duomacy

Pesyorrarun CFD cumynanpja reMiepaTypekor No/ka YHYTap IUMOBOTHIX LEBK 33

MPOTOK [MMHOr raca op 0.0282 kg/s.
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buorpadmija ayropa

Dophe Hopunh, macrep urkemmep ManmHcTea, pobes je 04, neniemtpa 1991. ropmuse y
apmeny, e 1 cama #usi. OkerseH, oTall jeflHOT neTeTa.

OcrosHe akajieMcKe CTYIHje MalIMHCKOr uikermepcorsa yimcao je 2010. rommuse Ha
Dakysirery 3a maumnmcreo 1 rpabeeusapcrso y Kpawesy Yuusepaurera y
Kparyjesiy u saspumo mux y npeasubenom poxy 13.09.2013. roguse ca mpoceuHoM
ouernom 9.36. Ha ucrom daxkynreTy ymicao je MacTep akajieMmcke CTyauje, cMep:
Eneprercko ManmHcTEO M ayTOMATCKO yOpawbare U 3aBprmto mux y npeasubenonm
poxy 29.09.2015. rogune ca npocednon oenom 10.00. Hakon munnomupansa, ynucao
je nokTopcke akamemcke cryauje mxoncke 2015/2016 rogure. Toxom ocHoBHMX U
MmacTep cryauja 6uo je crunenaicta Munmncrapersa nmpocseTe, Hay Ke i TeXHOOIMIKOT

passoja.

On 01.04.2016. go 30.04.2018. roguxe Kao CTYHeHT OOKTOPCKMX CTyauja Owo je
anraxosan y 3samy Verpaxusau-crunenmcra Mumncrapersa npocsere, Hayke u
TEXHOMOMIKOT passoja uM VEbByHeH vy peanuszaumjy npojexra TP 33027 |, Passoj
eHepreTcki edqMKacHoT TocTpojersa 3a TacudpMKalljy W KoreHepauujy HBpcTe
Buomace”.

O 01.05.2018. rofmase 3anocsted je Ha PakyTeTy 3a MAUTHCTBO U rpabesuHapcTBO ¥
Kpamesy kao Mcrpakusau npunpasHik, Ha ocHosy Koukypca Mummucrapcrsa
MpocBeTe, HayKe 1 TeXHWIOIIKOT passoja 3a yksyumsarse 1000 maamux werpaximaqa
¥y HayuHOMCTpaxupauke npojexte. Msabpan je v ssame Vcrpaxusaua capajHmnka
29.08.2019. ropgmue, a 28.08.2023. ropmue vabpdf] je y 3same Bummer crpywnor
capangHika Ha Katenpu 3a enepreTuxy M 3almHTy RUBOTHE CpeiHe. AHTax0BaH je
Ha iopobersy Bexbu w3 npeamera: Eneprija u okpyxerse, Anr@HaTUBHI H3BOPY
eneprije, Kmmarmisammja, Tororam ypebaju u nocrpojersa 1 Mogermpame
cumynaintja TepMimakux riporeca = CFD. Fosopu, wwra 1 minne Exrmneck jesuk.

n




Odpazau 1

HIJABAAYTOPA O OPHIHHAJIHOCTH JOKTOPCKE JHCEPTAILIHJE

V3jarmyjem a AOKTOPCKA HCEPTALM]A MO HACTOBOM!

MYITHOYHKHHOHAJIHOCT KEPAMHYKHX H METAJIHHX JOJATAKA Y
KOTJIOBUMA HA BUOMACY

OpeacTARbA OPUSHHAING AVIOPCKD dero HACTAIO Kao PEIVATAT CONCINGEHOS UM PANCHRAYKOS

Jada.

Ogos Hajasom maxole nomaeplyjen:

® 1A caMm jedunu aymop Hapelene 10KTOPCKe AHCepTalmje,
* 13 y HABEIEHO| AOKTOPCKO] AMCEPTALMH HuCaM USEpuilio/ia noapéd) ayTOPCKOT HHTH
JIPYTOr NPAEA HHTENEKTYAIHE CBOJHHE APYIHX JHLIA,

Y Kpamesy, 21.10.2025. ronune,

NOTIHE ayTopa




Odpazau 2

H3JABA AYTOPA O HCTOBETHOCTH HITAMIAHE H ETEKTPOHCKE BEP3IHJE
HOKTOPCKE AHCEPTALHIE

H3japmsyjesm aa oy ITAMDAHA W E1EKTPOHCKA BEP3H]A TOKTOPCKE AHCEPTALM]E N0/ HACIOBOM:

MYITHOYHKIHOHAJIHOCT KEPAMHYKHX H METAJTHHUX JIOJATAKA Y
KOTNOBHMA HA BHOMACY

HCTOBCTHE,

Y Kpameny, 21.10.2025. rogune,

MNOTIHE aYyTOpa




Odpazau 3

H3JABA AYTOPA O HCKOPHIITBABAKLY JOKTOPCKE JHCEPTAILIHIE

Ja, Hophe A, Hoeuuh,

&/ | dDIBOBABAM

HE NO3BOHAaBam

Yuusepinrercroj dubanoreun y Kparyjesuy ma naduny 18a TPajHa YMHOMEHA NPHMEPKA Y

CHEKTPOHCKO] (POPMH JOKTOPCKE AMCEPTALN|E O HACAOBOM:

MYJITHOYHKLIHOHAITHOCT KEPAMMYKHX M METAJIHUX JIOJIATAKA Y
KOTIOBHUMA HA BHOMACY

H TO y UeNIHHH, Ka0 H 14 N0 je1an NMPHMEPAK Tako YMHOKEHE TOKTOPCKE THCEPTALHje YIHHH
TPajHO JOCTYIHHM JABHOCTH NYTEM JHTHTAMHOr PENO3HTOPHiyMa YHHBEpPIHTETA Y
Kparyjesiy o LeHTPATHOT PENOIHTOPHjYMA HATNEKHOT MHHHCTAPCTEA, TAKO 14 NPHIaTHITLH
JABHOCTH MOTY HAMMHUTH TpajHe YMHOKCHE NpUMepKe Yy eneKTpoHcko] (hopMH HaseleHe

JOOKTOPCKE THCEPTallHje NYTEM Hpeyatiudibi.,

Osom Hijasom Takohe

A0IBO/bABAM

[ HE QO3B0 EAB M !

! Vxanuko ayrop wiabepe ja fe AOm0nm Spinmiti M JasHocTi A Tk A0CTYIY 0 KTOPCRY AHCEpTatjy
KOpHETE nog yeaores yrsphesns jennom on Creative Commens THUEHIH, TO HE HURBYIY]E IPER0 TPHmamukn
JABHOCTH 1A HABSACHY JOKTOPCKY JHCCPTALIN] Y KOPHCTE Y CKAATY cd o/peabama 3aKoma 0 ayTOpekos i Cpoainy
NPABHAME,




NPUOALHHIMMA JABHOCTH A2 TAKD A0CTYIHY A0KTOPCKY AHCEPTALH]Y KOPHCTE NOA YCAOBHMA
yrepliennm jennom oa cnegehux Creative Commaons THLEHL

1) Aytopereo

2) AyTOpCTBO - JCNHTH MO/ HCTHM YCIOBIMA

3) Ayropcrso - Oe3 npepana

4) AyTopeTBO - HEKOMEPLH|LTHO

5) AyropcTBo - HEKOMEPLHJATHO - AEIHTH 0,1 HCTHM YCIOBHMA
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