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TOJMAIIHUK HA YHUBEPCUTET
,JIPO®. JI-P ACEH 3JIATAPOB*
BYPI'AC, 2016, 1. XLV (1)

ANNUAL ASSEN ZLLATAROV
UNIVERSITY, BURGAS,
BULGARIA, 2016, v. XLV (1)

TAJIAHT U IPO®ECHUOHAJIU3BM
(CTOTI'OAUHU OT POXKJAEHUETO HA ITPO®. JI-P AIEKCAHABP JIUITYNHCKN)

Mapraputa Tep3uesa

TALENT AND PROFESSIONALISM
(ONE HUNDREDTH ANNIVERSARY OF THE BIRTH OF
PROF. DR ALEKSANDAR LIPCHINSKI)

Margarita Terzieva
E-mail: mtterzieva@gmail.com

ABSTRACT

The paper traces the life and work of Aleksandar Lipchinski, the first professor of the first higher
school in Burgas. His family background, professional environment and scientific research and
achievements have been analyzed by means of the biographical approach.

Key words: analytical chemistry, higher school, scientific achievements

Ha 12 cenremBpu 2016 T. ce HaBbpIIBAT CTO
TOJMHU OT POKICHUETO HA IBPBHsI mpodecop Ha
nmHemHus YHuBepcutet L, Ilpod. a-p Acen 3na-
TapoB* — mpod. AnmekcaHmbp Jlummunacku. Che
CBOETO HAYYHO TBOPUYECTBO M MpPO(eCHOHATHU
AQHT@XHMEHTU TOW € CBBbP3aH C I'bPBUTE CTHIIKU
Ha BHUCIIETO oOpa3oBaHe B byprac. lleara Ha
CTaTHATa € Ype3 CpeicTBaTa Ha OuorpaduvHUs
METOJl /a pa3KpHe JIMYHOCTTa Ha TO3M YUeH,
HETOBHUTE THPCEHHS U MOCTHKEHUSL.

Cemeiina cpena

AKO € BSpHa CEHTEHLHATA, Y€ CEMEHCTBOTO
¢dopMupa HOoBeKa KaTO JMYHOCT, MOXE Ja ce
TBBPAM, Y€ yXOBHOTO M3pacTBaHE Ha IOHOIIATA
AnexcaHnbp JIMITYMHCKY € pe3yaTar OT BIWSHU-
€TO Ha JBE HEBEPOSATHHU XEHH ChC CHIIEH IyX -
Maiika My Onra Jlumuuacka u cectpa My TaTsHa
JIununHCcKa.

bpaemusaT yueH e poaeH B CEMENHCTBOTO Ha
ITaBen u Omnra Jlumunacku B Kues mpe3 1916 r.
Toit e BTOpOTO JieTe, CecTpa My € poJieHa Ipe3
1913 r. bamara 3aruBa Ha ¢ponTa pe3 1917 r. u
IsU1aTa OTTOBOPHOCT 3a OTIJICKIAHETO U BB3IH-
TaHMETO Ha Jellara maja BbpXy Maiikarta. Ilpes
1921 r. 1 ormeTyBa ¢ TAX 3a Typuwms, a mpes
1922 r. ce ycraHoBsiBa B benrapus.

Omnra Jlunmumucka (1894-1965), ponmena B
Jlon3, e 3aBbppIIMIa JIEBUYECKH HHCTUTYT BBHB
Bapmasa mpe3 1911 r. 3a na usawspka cemencT-
BOTO cH, pabotu karo yuutenka B IlomoBo —
1922-1925, B Pyckata rumnHaszus B Illymen —
1925-1934, u nakpas — B byprac. Tyk e rumna-

3UajJeH Y4YMTeN M IpernoAaBaTel B YUUTENICKUA
MHCTUTYT 10 pycku e3uk. [Ipe3 1955 r. 3aeqHo
nbiieps cu ce npecensa B CCCP. [Tounnana e Ha
11.02.1965 r. BB Bonrorpan.

Tarsua Jlumuuacka (1913-1983) e ponena B
Jlons. Yuu B Pyckara rumnasus B Illymen, koaro
3aBBPINBA ¢ OTJIMYCH yemex npe3 1932 r. Crnensa
B CopOoHaTa ()peHCKHM €3WK W JUTeparypa, KaTo
MapanejlHoO M3y4aBa aHIIMHCKU e3uK B KeimO-
pumx mipe3 1938-1939 r. N3byxBanero Ha Bro-
para CBeTOBHA BOMHA Hajlara 3aBpbILIAaHETO W B
Bwarapus u 14 ce ycranoBsiBa B byprac. Pabotu
KaTo y4YuTed MO (PEHCKH €3MK B MBXKara U
JeBUYeCcKaTa TMMHAa3Ms, a Clell OTKPUBAHETO Ha
YuuTenackusi MHCTUTYT B I'paja cTaBa Mpemnoja-
BaTeNl MO (PPEHCKM Ha KYPCHUCTHTE OT I'bPBUTE
punycku. IMeTo ¥ ce cpemia cpell JIEKTOpUTE Ha
MEIarOTMYECKUTE CHBEIIAHUs, MPOBEXKIAHU B
y4eOHOTO 3aBeicHHE B Ha4anoTo Ha 50-Te romau-
HHU. T 3amo3HaBa KOJErHTE CH M YYHUTEIUTE OT
pEeruoHa ¢ MJIaHWPAHETO Ha y4eOHaTa U M3BBHY-
yeOHaTa AEHHOCT, C HAYMHA 32 OTYUTAHE Ha Ia-
HupaHuTe pe3ynTtatu. CraBa 3aByd — 3aBEXKJAlll
ydeOHaTa NEHHOCT — HA YUHTEICKHS HHCTHTYT
npe3 nepuoaa 1953-1955, vo ro Hamycka, 3a aa
NpUIpyXH Maiika cu B IbTyBaHeTo i 1o CCCP.
Bprma ce cnen cmbprra i oTHOBO B byprac,
KBJETO IPEeTo/iaBa aHTJINHCKU €3HK B JIBETE €3H-
KOBM TMMHAa31H B Tpana — HeMckara (1967-1971)
u anrnuiickata (1971-1975). Heitau OuBim yue-
HUIIK 4 Hapuyar , JJyXOBEH apuCTOKpatr™ u CIo-
JeNIAT 3a rojsmara i 1ro0oB kbM bbarapus u



BCHYKO OBNrapcko, 3a nepdexkunonusma it kato
MIperoiaBaTe.

IIpogecnonanno upacreane

B TakaBa aTmMocdepa Ha TyXOBHOCT M CTpe-
MEX KbM 3aIbJI00UYCHH 3HAHUS pacTe AJICKCaH-
Ibp JIMTYMUHCKU, KOWTO Ha 6-TOAMIIIHA BBH3PACT
ce o3oBaBa B bwirapusa. JKusee ¢ Maiika cu u
cectpa cu B I[lonoBo u IllymeH, kbAeTO 3aBBHpIII-
Ba Pyckara rumuasus. Ha mero cbino My ce yna-
BaT €3UIMTE, HO 3a pasiMKa OT CECTpa CH, TOU
n3bupa na yuu xumus u ce 3amucsa B Coduiic-
Kusl AbpkaBeH yHuBepcuTeT. Ciy>xu 1o Bpeme
Ha BropaTta cBeTOBHa BOIfHa B 3€HHUTHAaTa apTH-
Jepusi 1 IPOTUBOBB3AYIIHATA OTOpaHa, 3aIluTa-
Baiiku HeOeTo Ha Codus oT GoMOapAUPOBAYH.

B cemeiinute apxuBu U B AlMaHaxa Ha aHa-
JIUTUYHATa XUMUsl B Bearapus npodecuonansm-
AT MYy ITBT € OTPa3eH B CIeJHATa XPOHOJIOTHUS:

-1942 — 1946 - 3aBexnamy xuMudecka jgado-
patopus B MuHa ,,YepHo Mope* — Byprac;

- 1946 — 1949 — mpenogaBaTen mo Heopra-
HUYHA U aHaluTU4Ha xumus BB BTY — Pyce;

- 1949 — 1959 - penoBeH acHCTEHT MO aHAIHU-
TH4Ha xuMus B JlbpkaBHa nonurexHuka — Co-
trs;

- 1959 — 1963/64 — nouenr BbB dDapmarien-
tuanus pakynrer Ha BMU — Codus;

- 1963 — 1976 — npenoaaBaTen U JBJITOTOAU-
IIIEH PHKOBOAMTEN HA KaTeapara o AHaIUTHYHA
xumusi B XTHU — byprac, nperuMeHyBaH BIIOC-
nenctBue Ha YHuUBepcuteT ,Ilpod. m-p Acen
3marapoB‘; mABa MaHAaTa 3aM.-pEeKTOP, OTTOBO-
peH cekperap 3a u3gaBaHeTo Ha ['oaMITHMKA Ha
BUCILETO y4eOHO 3aBelCHHE W HETrOB TJaBeH
penaktop mpe3 1965-1967 u 1971-1973 r..

Ha 5 oxtomepu 1963 1. ¢ u3bpan 3a npode-
cop Ha 3aceqaHue Ha AKaJAeMHUYHHsS CBBET Ha
XTHU - byprac. Odunuanao momydaBa akaje-
MHYHATa JJILKHOCT Ha 1 suyapu 1964 r. Hocu-
Ten € Ha opaeH ,,Kupun u Meroauii™ — nepBa
CTEIICH.

JInunocT

B cBoero cemeitHo 00KkpwkeHue npod. Jun-
YMHCKM ChyMsIBa Jla Ipefazie Haclle[eHara JIo-
0OB KbM KHHIaTa, CTpeMexa KbM 3HaHUS U OTTO-
BOPHO OTHOIIEHHE KbM MHTEICKTYaTHUS TPY.

B T03M nyx cwec cwmopyrata cu ATaHacka
JIumIuHCKa — XYAOKHHUK-aPaHXKbOP — BB3MUTA-
Bar aBeTe cW aerna. Exarepuna Jlmmunmucka (p.
1948) e nHxKeHEepP-XUMHUK, IPEBOAAY OT aHTIIHIC-
ku e3uk. [laBen Jlumumacku (p. 1954) e maruc-
Tbp (GMIONOr, NPEeBOJaY OT YCIIKH, CJIOBAIIKH,
pyckd, chpOOXBpBAaTCKd, aHriuiicku. CamusTt
npod. JlunmuumHCcKkM Biagee PycKd M (PPEHCKH,
N0JI3Ba aHTJIMHCKU €3HK.

3armomMHeH € OT OJHM3KM U TIO3HATH C KHUTA B
ppKa. Ilpenmountanure My udeTHBa ca Ouorpa-
¢uute Ha u3BecTHU JAuuHOCTH. Cryiia onepHa U
Kiacudecka Mysuka. CHopTyBa akTHBHO — JIO
MIEHCHOHUPAHETO CH TpOOATBa BCEKH ICH IO 5
kM u3 MopckaTa rpaguHa B byprac. O0uda ma
IBTYBa — ChC CHIpPYrara CH IOCEIaBa peauiia
ctparm oT EBpomna u CeBepHa Adpuka.

B cnomenute Ha cBOMTE KOJIETH M CTYIEHTU
npod. JlumumHCKM € pecnekTupamia Qurypa,
OBJIAJISTH TEMIIEpaMEHT, BIIEYATISBAIl ChC 3HA-
HUSTA CH YOBEK.

Hay4yHa ¥ HAy4YHO-IIPUJIOKHA JEHHOCT

[Ipod. JIumumHCKM Ma pa3HOCTpaHHA HAyYHA
M Hay4YHO-TIPWJIOXKHA JEWHOCT, KOSATO HaMHpa
OTpa)XKEHUE B CIEAHUTE acTeKTHU:

Hayunu mpyooge u nyoauxayuu

[IppBUTE My HW3cleaBaHHS ca B o0lacTTa Ha
XUMUYHHUS U €JEKTPOXUMUYCH aHaIU3, KBAECTO
pabotu moj prKOBoJCTBOTO Ha mpod. b. 3arop-
yeB U Xp. elitanos. IIpe3 1957 roguna 3amu-
TaBa AucepTanus Ha Tema ,,IIpiHO IpoOGHO OTK-
pUBaHE Ha KaTHOHU B IPHCHCTBHETO Ha apce-
HATHH, QpCEHUTHH U PochaTHU HOHU".

Hpyru HeroBm pa3paOOTKH ca IMOCBETEHH Ha
MPWIOKCHUETO Ha TaJBaHWUYHHUS MPUHIUI B
noyisiporpadusTa W Ch3/laBaHE HAa XHUOPUIHU
METO/TH, Pa3BUTHE Ha HAKOW BHCOKOUYBCTBHUTEII-
HU EJICKTPOXMMHYHH METOAU U T.H. ToHl OCBHB-
peMeHsIBa W JOpa3BUBA aHAJIMTUYHATA XUMHUS,
aKIEHTHpAKU BBPXY pasaenuTe ,,Pemoxcumer-
pus®, , Kommiekconomerpus‘, ,,bydepHu pasr-
BOpH“.

Bposit Ha Hay4yHWTEe My NyOJMKaNuUW HaIX-
Bepisg 100. Te ca myOaukyBaHU B OBITAPCKH U
Yy>KIM CIEUUANU3UpaHd U3JaHHui. Y4acTBa C
HAay4YHU JOOKIAAW Ha pPEAMIa TPEICTABUTCIHU
Mexayrapogan gopymu B ['epmanms, CCCP,
Hamus, FOrocnaBus u ap.

IIpenooasamencka paboma

B cBosta 30-roguiiHa mnpenoxaBaTeicKa
JIeWHOCT AJleKcaHabp JIMMUMHCKK YeTe JIEKIUU
Ha CTYJEHTHU OT CTOJIMIaTa ¥ MPOBUHLINATA, KOH-
TO ce o0yyaBaT B pa3iUYHU CICHUATHOCTH -
XUMHYECKH, TEXHHUYECKH, MemuiuHcku. [Ipo-
BeXJa U KypCOBe 3a CIEJIUIUIOMHA KBalH(HKa-
Usl M0 MPOOJIEMUTE HAa aHATUTHYHATA XVMHS.
WuTepecyBa ce OT HaydyHUTE HOBOCTH, KOUTO
BBBEXK/Aa B JICKIIMOHHUTE CH KypCOBE W IPaBH
JIOCTOSIHME Ha CTYAEHTCKaTa ayIuTopus U KoJje-
TUTE CH.

CaMusT TOW MMa ABIATOCPOYHHU CIIEHATH3a-
nuu B Cankr-IletepOypr m MockBa, OTCTOsIBaii-
KM pa3OupaHusiTa CH, Y€ YYCHUST BUHATU TPSIOBa
€ Jla € B KpaK C BPEMETO, Jla T0J3Ba aKTyajaHa



uHpopMaIlisl B HaydHaTa OOIIACT, B KOSITO W3-
BBPIIIBA MPOYYBAHUATA CH.

Ilpesoou na yuebna rumepamypa

3a menure Ha OOYYEHHETO II0 XHMHS B
cpeaHoto yuunuiie A JIMMUUHCKH MpeBex]ia
yuebHuKa 3a 7 kiac Ha J{. M. Kupromkun 3aenHo
¢ H. 'enmxeBa npe3 1951 r., oOHapoaBaH oOT
u3garencTBo ,,Hapogna mnpoceera®. Toil uma
npeusganus mpe3 1952, 1953, 1954, 1955 .

IIpe3 1952 r. 3aeano ¢ B. bones npesexna u
uznaBa ,,Kypc mo xummsa. YueOHO mocoOue 3a
nefgarornueckure yamnuma‘“ Ha @. Bankos 1 A.
XapuH.

Hayuen pvrxosooumen u peyensenm

M3BectHO €, ue mpod. JIMMUMHCKYM € HaydeH
PBKOBOJUTEN Ha TMETUMa JOKTOPAHTH, HSIKOU OT
KOUTO Ca 4YJICHOBE HA aKaJEMHYHHUS CHhCTaB Ha
Bucuiero yuunuiie B byprac. B HBKM ce otk-
pHUBAaT CIEIHNTE UMEHA U HAYYHU TEMHU:

- UBan I'enoB — ,,AmnepomMeTpus 6e3 mpuia-
rafHe Ha BBHIIHO HampexeHue. ['amBaHu4Ha 1m0-
napometrpus’, byprac, 1973, 151 c.;

- Edumus INomosa-bBozamxkuera — ,,KomOu-
HUpPaHA METOJU 32 ONpejeliTHE Ha MOJMONEH B
npomuInieHu odektn™, byprac, 1977, 142 c.;

- Ctosa CtamoB — ,, IlHBEepCHOHHA BOJITAMIIC-
pomMeTpusl Ha Hikou Onaropognu Mmeramu®, Co-
¢us, 1985, 142 c.

Ocgen TOBa npo¢. JIMMTYMHCKH UMa U OTrO-
BOpHATa 3ajiaya Jla ObJe Hay4YeH DPELEH3CHT Ha
penuua JucepTairuoHH TPYIOBE, HIKOH OT KOH-
TO ca:

- Bnagumup JlecnukoB — ,,OTHOCHO B3amMO-
JIEHCTBUETO HA HAKOM XHMMUYECKU PEareHTH C
MUHEpPAIH3UPAHA  OWOJIOTHYHU  CTPYKTYpH ',
Byprac, 1971;

- Panka [{oneBa — ,,M3cnenBane Ha KOMILIEK-
cute Ha apceH (III) ¢ HAKOM opraHWYHU KHCETH-
HU ¥ H3MOJ3YyBAaHETO MM 3a MOJISIPOrpad)CKOTO
ompenensHe Ha apceHa, Codus, 1974;

- lIeranka Henemuesa — ,,00m1o pemienne Ha
3a/1avyara 3a eNeKTPoIn3a BbPXY KUBAUEH EJeKT-
POz, CBbp3aHa C paBHOBECHHU MPOIIECH HA KOMII-
nexcoobpasyBane”, Codus, 1975;

- Hanexna EnenxoBa — ,Hsxoum mpoGmemu
MIPU U3CJIEJIBAHETO HA KOMIUIEKCHH ChEIUHEHHUS
MPU HUCKH KOHIIGHTPAllMW Ha KOMILIEKCOOOpa-
3yBamius peaktus‘, Codus, 1976;

- Mapraputa CroifueBa-3nateBa — ,,[lomspor-
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Bcuuko TOBa yTBBpXKIaBa IpeAcTaBaTa 3a
HEero KaTo yBa)kaBaH Y4eH M J00Bp mpodecno-
HAJTUCT.

Cu0panusaT (HakTOJOTHMYeH MaTepuall U OIU-
TUTE 3a HETOBHS HAy4yeH aHaJIu3 BOAAT [0
cletHuTe 0000IIECHNS:

JBArOroguIIHUAT ONUT M MEXKAYHApOIHH
KOHTaKTH Ha mpod. JINIUMHCKY AONPHUHACAT 32
U3rPaXJIaHEeTO Ha ITbPBOTO BHCIIE YYHIHUIIE B
Byprac u 3a wu3pacTBaHETO Ha HayYHHTE MY
KaapH.

KaTo enHO OT 3HAKOBUTE MMEHA B aHAJIUTHY-
HaTa XUMHS TOH NpeBpbIIa PHKOBOJEHATA OT
HETO KaTelpa B M3CJICAOBATEICKH LEHTHP U IO-
jara OCHOBHMTE Ha IBJITOTOJHIIHO TBOPYECKO
CHTPYJIHHUYECTBO CHC CPOJIHHU KaTelpH B UyKOH-
Ha.

[Ipodecop Anekcanabp JlumumHCKH € JTMY-
HOCT, ChU€TaBallla TaJaHTa Ha yUYEHHUS C BUCOKHS
npodecnoHaIn3bM Ha H3clenoBaress. ToBa To
IpaBU JAOCTOCH 3a MOApaKaHHWE MPHUMEP 3a aKa-
JEMUYHUTE CPEIH.
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ABSTRACT
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University in the period from 1963 to 2016. Structure, management, academic staff, bachelor and

master degree programmes.

Ucropusara Ha xareapa ,,OpraHudHN XUMUY-
HU TEXHOJIOTHUH € yacT oT ucropusara Ha BXTU-
Byprac ot Herosoto oTkpuBase npe3 1963 ronu-
Ha [1]. IIpe3 TO3u ABABr NEPUO] aKaAEMUUHUSIT
ChCTaB OT HAYYHHUTE CIICNHATHOCTH ,,HedT 1
raz”, ,,Opranuuen cunte3” u ,llomumepu” ca
OWTM 3ae/IHO WM B pas3iUYHU Katenpu. B Hava-
J0TO € Kareapa ,,00ma XUMUIHA TEXHOJOTHS
KOSITO BKIIIOYBA IUPOK KPBI' MPEMOAaBaTEeIIN 10
OpraHMYHa XWUMUS, OCHOBH Ha XMMHYHATA TEX-
HOJIOTHSI, TI0 JWCIHMILUIHHUTE OT IOJIMMEpHaTa
XUMUSL M TEXHOJOTHS, OPraHWYHUS CHUHTE3 U
ropuBara.

Ho kpas Ha 1974 r. xategpara € Bce OLIE B
TO3W CH CHCTaB M PBKOBOAWUTEN € mpod. MBan
Mnanenos [2]. Cnen oTnensHe Ha MperoiaBaTe-
aute 1o ,,OpraHu4Ha XUMHUs™ B CaMOCTOSITENIHA
Karenpa, T ce ohopMs BBB BHIA HA TPHUTE CITe-
[IAATHOCTH OT 00JacTTa Ha OPTraHUYHUTE XUMU-
YHU TEXHOJIOTHUHU: TOPUBA, OPraHUYEH CHUHTE3
nonuMepy. BriusHIeTo Ha Tpymara CrelalTucT
0 TMOJUMEpPH Haveno ¢ npod. MiajaeHoB € ToJ-
KOBa CHJIHO, Y€ MHOTO YECTO B 3alla3eHUTe J0-
kyMmeHntd, Hapen ¢ OXT [3], karempara HOcH
umero , Ilomumepu” [4]. U cinen 3aMuHaBaHETO
Ha npod. MiuagenoB B Codus Ha 16.04.1971 T.
[5], mpaTO Bpeme TOH TpoABIDKaBa na ObIE Pb-
KoBOIUTEN Ha Karempara. OOMKHOBEHO TO 3aMe-
cTBa joi. Mapkos, a nonskora — npo¢. Kypres.
HaydHnaTa neifHOCT Ha KaTeapara ce HarpaBiisiBa
Y PBKOBOJH TJIaBHO OT mpod. MnageHoB. Xaou-
JUTUPAH TIpPerojaBaTe], OCBEH HEro, € caMo
npo¢. Huxonuuacku. [lo-kbCHO AOIEHTH CTaBaT
Humutsp Munkos, Mapko Mapkos u ap.
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B xpas Ha 1974 1. pod. I'. Arrenora e u3-
OpaHa 3a XOHOpPYBaH MpeoaaBaTe]l B Karempa
OXT mo gucnuiidHaTa ,,XUMHSI U TEXHOJIOI'HS
Ha Hedra” [6]. Cropo cienm ToBa ce 00ocoOsBa
caMOCTOSTeTHa KaTeapa ,, [ eXHOIOTHS Ha TOpH-
Bara”’, Ha KOATO T € pbKoBomuTen [7]. Ocrana-
JaTa 4acT OT rojiiMaTa Kareapa e karexapa ,,llo-
muMmepn’”’. B 3amoBen Ha pekTopa 3a ompeneisHe
WHIUBUIyallHATA 3a€TOCT Ha MPEToaBaTeIUTe
3a yueOHata 1974/75 roauna [§], akageMUYHUSIT
CBhCTaB Ha Katezapa ,,[lommMepn™ BKIIOUBA BCHY-
KM TIPENoJIaBaTeNId OT 00J1acTTa Ha MOJUMEPUTE,
OpTaHUYHMS CHHTE€3 M OCHOBM HA XHMMHUYHATA
TEXHOJIOTHA, a OTAENHO - B Karenpa ,,OXT”, ca
MperoiaBaTeNnTe OT O0JlacTTa Ha ropuBara. B
CIIUCHKA Ha TOCJETHATA KaTeapa XaOWIMTUpaH
mperiofaBaren € caMo npod. ArHrenosa. B equn
npyr cruchkk ot 02.12.1975 r. dumutsp MuH-
KOB, KaTO TJIaBEH aCHCTEHT, € 3alicaH KaTo Pb-
KOBOJIUTEJ HA KaTenpa ,, | eXHonorus Ha Hedra u
raza”’, a Mapko MapKoB — KaToO H3MbJHSBALL
JUTB)KHOCTTa PBKOBOAWTEN Ha KaTtenpa ,llomum-
mepu” [9].

B cneaBamus nepuoa 1o Havaiaoto Ha 1984 1.
MperoiaBaTeInTe OT CIENHaTHOCTTa ,,OpraHu-
YeH CHHTe3”  ce OTJAEIAT B CaMOCTOSATENHa Ka-
teapa. IIpe3 M. Mali chlara roArHA B KaTelmpa
LllomaMepn” ca camMo TpernojaBaTeINTe IO TI0-
JTUMEPHHUTE TUCUUIUINHU U PHKOBOJIUTEN HA Ta3u
katenpa e npod. Mnanenos [10]. Ha 10.05.1984
I. 332 PBKOBOAMTEN Ha Katempa ,llomumepu” e
n30pan gor. M. MapkoB, KOWTO OcTaBa Ha Ta3l
JUTH>KHOCT OKOJIO 2 TOJAMHH.



PbkoBoagutenu Ha kateapa ,Iloaumepu” cien
npod. MiiageHoB

10.05.1984 —27.07.1986  mou. n-p Mapko
MapkoB

non. a-p Heuka Xpu-
CTOBa

nou. a-p TposiH
['eoprues

pod. mxH ['eopru
Koctos

28.07.1986 — 15.06.1992

15.06.1992 —30.05.2000

20.06.2000 - 01.12.2000

KoM 28.06.1984 r. mpenoaaBaTenuTe mo op-
TaHUYCH CHHTE3 W TOpUBa ca B o0eAMHEHa Ka-
Teapa ,, [eXHONOTUs HAa OpPraHUYHUS CHUHTE3 U
ropuBata”’ ¢ pbkoBoguten mpod. I'. AHremosa
[11]. Ot mapt 1986 r. kKateapara € pa3zaciicHa Ha
JIB€ CaMOCTOSATENHU KaTeapu: ,,| eXHOJIOTHsA Ha
OCHOBHMUSI OPIaHUYEH CUHTE3” U ,, | €XHOJOrUs Ha
ropuBara” [12].

PbkoBoauTesn Ha kateapa ,,TexHoJ0rus Ha
OCHOBHMSI OpraHu4yeH cuHTe3”

28.03.1986 — 23.06.1992 npod. ara Kyptu
Kypres

npod. atH Exvo
Bban6omos [13]
npod. nrta Kyptu
Kypres

24.06.1993 — 01.06.1995

02.06.1995 - 01.12.2000

Crnen meHcwoHUpaHeTO Ha mpod. AHrenosa
npe3 1989 r., npe3 nmo-rosisiMara 4yacT OT EpUoIa
JI0 TIPECTPYKTYPUPAHETO HA YHUBEPCUTETA TpPE3
2000 r., ppKOBOAUTEN Ha KaTenpa ,, | eXHOIOrus
Ha ropuBara” ¢ mpod. MunaKoB. B Havanoro Ha
2000 r. mBamMa mpemnoAaBaTelN OT KaTeapaTa ca
MpeMeCcTeHH B HOBOCH3/aJIcHaTa Kareapa ,,[1po-
HU3BOJICTBEHH TeXHOJOTUM’ [14], KOSTO MO-KbCHO
BJM3a B ChcTaBa Ha MDakynrera MO OOLICCTBCHH
HAYKH.

B m3nprnHEHME Ha TOcTaHOBIEHHETO Ha Mu-
auctepckus cpBeT [IMC Ne 36 ot 24.03.2000 r.
3a npeoOpa3yBaHe Ha OCHOBHH 3BEHA B CTPYKTY-
paTa Ha BHCIIW yYWIHINA U CHOTBETHHTE pellle-
HUS Ha AKaJeMHYHHS CHBET, ChC 3aloBel Ha
pextopa ot 21.04.2000 1. [15] chiecTByBammre
(hakynTeTH MO OPraHUYHU XUMUYHU TEXHOJIOTHH
Y HEOPTaHWYHHU XMMHYHHU TEXHOJIOTHHU C€ 3aKPH-
Bar. PaskpuBa ce @akynTeT MO TEXHUYECKU Hay-
KM, KaTO B HETO Ca BKJIFOUEHH KaTeapuTe ,,Tex-
HOJIOTHSI Ha He(Ta W raza U XUMMOTOJIOTHS
,,J€XHOJIOTHsT Ha IutactMacure” U ,,TeXHOJIOrus
Ha OpraHu4Hus cuHTe3 . BepodTHo B 3amoBesra
€ JIOIyCHAaTa Ipelka U BMECTO ,, ] €XHOJIOTUs Ha
mIacTMacuTe” TpsOBa Ja ce 4ere ,, | eXHOIOorus
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Ha MOJIMMEPUTE”, KAKTO € 3aITUCaHO B CJICBAIIH
JOKYMEHTH U KaKTO CJIe/[Ba OT ChABPKaHUETO Ha
MOHSITUETO ,,[IOJUMEPH” — KayUyK U IUIaCTMACH.
Ha apyru mecta umeto Ha karezapa ,, [ eXHOJIOTHs
Ha HedTa U Ta3a ¥ XUMMOTOJIOTHS € CBKPAaTeHO
Ha ,,TexHoysorus Ha He)Ta M XUMMOTOJIOTHS .
Karenpa ,IlpousBoiacTBEHHM TEXHONOTHH® €
BKJIFOUEHA B chcTaBa Ha Pakynrera mo obImecT-
BEHU HayKH. 3a PHKOBOAWTEN Ha Karempa ,,lex-
HOJIOTHSL Ha He(Ta U XUMMOTOJIOTHS € m30paH
mpod. JI. MunkoB, Ha ,,TexHOIOTHS Ha OpPTaHU-
gaus cuates3” — mpod. K. Kypres, Ha ,, TexHom0-
rus Ha nonumepute” — npod. I'. Koctos.

C pemwenus Ne 5.3 u 5.4 Ha AkageMUuHUA
ceBeT oT 08.06.2000 1. [16] ce mpaBiAT HOBHU
CTPYKTYpHH NPOMEHH: 3aKpUBa ce Kareapa ,,le-
XHOJOTMs Ha HedTa W XUMMOTOJOTHS, KAaTo
JBaMa OT IMPETIo/IaBaTEINTE B Hesl CE BKIIIOYBAT B
ChCTaBa Ha KaTenpa ,,|€XHONOTHi Ha OpraHud-
HUs cuHTe3”. DakTHdecku B OOEIMHEHATA Ka-
Teapa npeMuHaBa camo noir. I'. Kopancku.

B kpas na 2000 r. cbe 3anoBes Ha pexktopa No
PJI-125 ot 01.12.2000 . [17] u HA OoCHOBaHHE
Pemmennss Ne 1 u 2 Ha AKageMUYHUSA CBHBET OT
30.11.2000 r. [18], xateapu ,,TexHonorus Ha
opraHuvHus cuHTEe3” U ,,[exHoIorus Ha MOIHU-
MepuTe” ¢ LeIHs CU aKaJeMU4eH ChCTaB ce 00e-
IUHSIBAT B Kateapa ,,OpraHUYHA XUMUYHH TeX-
HoJjiorun” ¢ pwroBoauten npod. K. Kypres. Ha
19.12.2000 r. 3a ppKOBOIMTEN Ha KaTelapara €
u36pan mipod. I'. Koctros. Crnen neHCHOHUPaHETO
Ha jgon. Kopanckm B karempara ocTaBaT caMo
CHEIHMAJNCTHA B 00J1aCTTa HA OPTaHUYHUS CHHTE3
U TIOJIUMEPUTE.

PbkoBogutesm Ha Kareapa
XMMHUYHHU T€XHOJ0run”

»OPpraHu4Hu

01.12.2000 — 19.12.2000 mpod. nta KypTu

Kypres
20.12.2000 — 10.09.2001 mpod. axu ['eopru
Kocros
11.09.2001 —20.09.2004 npod. ntH KypTu
Kypren
21.09.2004 —27.11.2006 npod. arH Exuo
Ban6onos
28.11.2006 —20.06.2007  nmou. n-p Marganena
MuTtkoBa
21.06.2007 — 31.03.2016  morr. n-p Mumgo
CkyMoB

B nauanoro wa 2016 r., ¢ 1en ocurypsiBaHe
(mHaHCOBa CTAaOWIIHOCT HA YHHBEpcUTETa, AKa-
JEMUYHUAT CHBET MpUEMa MEPKHU 33 ONTUMH3H-
paHe Ha puHaAHCHUTE, CpeJ] KOUTO € TPEKpaTsBaHe
TPYAOBUTEC OOTrOBOPU C IIPEIIoJaBaTeivd, HaBbpP-



I ChOTBETHATa BH3PACT 3a ICHCHOHHpAHE.
BcenenctBue Ha TOBa akaJeMHUYHHUSAT CHCTaB Ha
Karenpa ,,OpraHMYHd XUMHYHA TEXHOJOTHH
HaMaJlsBa TOJ HEOOXOAWMHUS MUHUMYM 1O 3a-
KOHa 3a BHcmeTo obpa3zoBaHue (wi. 26a) ot 7
IyIId HAa OCHOBEH TPYAOB I0ToBOp. B momobHO
ChbCTOSHUE U3nanaTt u Apyru kategpu. C Peme-
Hue Ha AxagemuyHus chBeT Ne 5 ot 21.04.2016
r. [19] xarenpara ce oOeauHsIBa C KaTeapa ,,XHu-
MHUYHO MH)KEHEPCTBO~ TMOJA MMETO Karenpa ,,Op-
TaHWYHU XVUMHYHU TEXHOJIOTUW W XUMUYHO WH-
JkeHepcTBO” B cTpykrypaTta Ha @TH ¢ akamemu-
YHHS ChCTAB Ha 3aKPUTHTE KaTeAPH.

Ho mnpectpykrypupanero ot 2016 roauna
Karempa ,,OpraHMYHN XUMHYHH TEXHOJIOTHH €
BOJIelIa KaTeIpa 3a 00YYEHNETO M0 CTIEHUATHOCT
,»OpraHUYHU XUMHYHH TEXHOJIOTHH 3a 00pa3o-
BaTEIHO-KBATN()UKANIMOHHUTE CTENEeHH ,,0aKa-
naBep” U ,,MarucTbp”’ B PaMKHTE Ha MPOPECHO-
HamHO HampasieHue 5.10. XUMUYHH TEXHOJO-
run. [locmepnara mporpamMHa akpeauTanus €
noirydeHa oT HampoHamHaTta areHIus 3a OIeHs-
BaHe u akpeautamnus Ha 30.05.2013 1.

Crnenmannocrra ,,OpraHiYHA XUMUYHU TEX-
nosornm” (OXT) e cp3mamena Ha 0a3a maTepu-
anHata 00e3MeUeHOCT, MPEeroIaBaTelICKus ChC-
TaB ¥ MHOTOTOJHUIICH OMHT B MOATOTOBKATa Ha
WH)KEHEP-XUMHIIHA TI0 CIEeNHUATHOCTHTE ,, | eXHO-
jorus Ha HedTa U rasa”, ,,TeXHOJIIOTHs Ha OCHO-
BHUS OpraHW4eH cuHTe3” W ,,TeXHONIorus Ha
MOJIUMEPUTE” C pelieHrue Ha AKaAEeMHUYHHUS Chb-
BeT Ha YHHBepcurer ,llpod. m-p Acen 3mara-
poB” ot 26.06.1997 r. Ilo mocouenute Tpu cre-
LUATHOCTH B YHHBEPCUTETA C€ MpOBexIa 00y-
gerue ot 1963 r. Ilpuem mo cnerumanaoct OXT
32 TBPBM IIBT € TpOBeIeH 3a ydeOHaTa
2008/2009 r.

Crenunanaoctra ,,OpraHiYHA XUMUYHU TEX-
Hoyornw — TexHomorus Ha HedTa 1 raza” (OXT-
THT') e cp3manena c perieHne Ha AKaJeMUYHUS
chBeT Ha YHHUBepcuteT ,,Ilpod. a-p Acen 3nata-
poB” ¢ IIporokom Ne 8 ot 22.03.2012 r. Pa3kpu-
BaHETO Ha CIIELUAIHOCTTA € 110 TIOBOJI 3aCHUJICHUA
MHTEpeC KbM OOy4YCHHE Ha CIIELHUAJHCTH C BHC-
e oOpa3oBaHHE B MPOW3BOACTBOTO Ha TOPHBA,
BKIIIOUUTENTHO M OT YyXOMHa — OT apaOCKu U
appuKaHCKH AbpkaBH. [IpueM Mo crenuamHocT-
ta OXT 32 mbpBU IIBT Ce MpaBU Npe3 ydeOHaATa
2012/2013 r.

AKaZeMUYHUST CHCTaB Ha Kareapara KbM
31.03.2016 r. e enun podecop (mpod. arH Ilet-
ko IleTkoB), meTuMa JoneHTH (mor. a-p Muado
CkymMmoB, non1. A-p Marnanena Murtkosa, 011
1-p Mapycs JTo6uesa, nou. a-p Hopnan Jlenes u
mou. n-p Hemsimka IletkoBa) M aBama TIaBHU
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acucteHTd (I ac. I-p AHTOHus MnueBa u I
ac. n-p Mgaitno Tankos).

[Ipe3 m3munanute 50 roquHM MpenonaBaTeIn
OT KaTezpara ca 3aeMaJli Hal-BUCOKH PBKOBOA-
HU JJIBKHOCTH B YHHBEPCUTETA, BKIFOUUTEIHO
yetupuMa pekrtopu (mpod. MuaneHoB, mpod.
AwnrenoBa, mpod. IletkoB m mou. Mwurtkosa),
YeTUpUMa 3aMecTHUK-pekTopu (mpod. Kypres,
npo¢. Kocros, npod. IletkoB u gou. MuTtkoBa),
JeKaHd W 3aMECTHUK-JACKaHH Ha (aKyITeTH.
OrpomeH Opoil MHXKEHEP-XUMHUILH, CIEHUATUCTH
B o0jacTTa Ha ropuBara, OpraHUYHUs CHHTE3 U
NOJMMEPUTE HaMEepUXa pean3alys Ha pa3nuIHu
HHUBa B JCHCTBALIUTE NMPOU3BOJACTBa B ,,HedTo-
xuM”, 3aBonute B [eBHsa, Crapa 3aropa, SImOour,
Bunun, Jumutposrpan, Pyce, Ilnesen u npyra-
Je. MHOro ot Te3u NMpeanpuaTus Bede He Chlle-
cTByBaT. bpaemero Ha kaTeapaTta € B MpsKa 3a-
BHCHUMOCT OT Pa3BUTHETO Ha MPOU3BOJACTBATA HA
OpTraHMYHH NPOIYKTH, KaTO W Ha oO0InaTa mepc-
NEeKTHBAa Ha HHIYCTPUATHHUTE IMPOU3BOJICTBA B
Bbbarapus.

3abenesicka: Ilo-eonamama uacm om npeonaza-
HUSL MeKCm e NOMecmeH 6 COOPHUK, NOCGemeH Ha
50-e00uwmnus wounei na Ynusepcumem ,,I[lpogh.
0-p Acen 3namapos*“. Ocgen OonviHUMeIHaAma
ungopmayus, 6 cmamusama ca 0adeHy U U3NOJ3-
8aHumMe OPUSUHATIHU OOKYMEHMIL.
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rac, ¢. 1021, om. 2, a.e. 13, m. 123 ci.).
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6. Joxman Ha mpod. MiageHoB, B Ka4eCTBOTO
My Ha PBKOBOJHUTEN HA KaTeapa, 10 peKTopa OT
12.09.1974 r. (AbpxaBen apxuB — byprac, ¢.
1021, om. 2, a.e. 12, 1. 69).

7. JHoxmam ot 25.11.1976
YHUBEPCUTETA).

r. (apxuB Ha



8. 3amoBex Ne 227 ot 21.12.1974 . (IbpxaBeH
apxuB — Byprac, ¢. 1021, om. 2, a.e. 20, 1. 331-
352).

9. OepxaBen apxuB — byprac, ¢. 1021, om. 2,
a.e. 74, m. 1-3.

10. IIporokonr Ne 5 ot 07.05.1984 1. Ha
karenapeHuss cvBeT (/bpxkaBeH apxuB —
Byprac).

11. Pemenne Ha AxkageMHYHHUS CBBET OT

27.06.1984 r., mpotokon Ne 13 (apxuB Ha
YHUBEPCUTETA).

12. 3amosen Ne PJI-114-54/12.03.1986 r. Ha
3am.-muHHCcTEpa HAa MHII (IbpxaBeH apxus —
Byprac).

13. 3akousT ,,Jlanes” € B cuna ot 24.12.1992 no
30.03.1995 r.

14. 3anosen P/1-31/19.04.2000 r. na PexTopa Ha
YHHUBEPCUTETA (apXUB Ha YHUBEPCUTETA).

15. 3anosex P/1-32/21.04.2000 r. Ha PexTopa Ha
YHHUBEPCUTETA (apXUB HA YHUBEPCHUTETA).

16. Pemenns Ha AxageMHUYHUS CBBET OT
3acemaHuero, cberosiio ce Ha 08.06.2000 r.
(apxuB Ha YHUBEPCHUTETA).

17. 3amoBex PJ1-125/01.12.2000 r. Ha PexTopa
Ha YHUBEpCHUTETa (apXUB HAa YHUBEPCHUTETA).

18. Pemennss Ha AKageMHYHHSI CBBET OT
3aceqanuero, mposeraeHo Ha 30.11.2000 r.
(apxuB Ha YHUBEPCHUTETA).

19. Pemennst Ha AKageMHYHHS CBBET OT
npoBefieHOTO 3acenanue Ha 21.04.2016 r.,
[Iporokon Ne 14 (apxuB Ha YHHUBEPCUTETA).
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ABSTRACT

This study reviews the deposition of powder mixture of tungsten carbide (WC) and Stellite 6 over
austenitic stainless steel substrates for reinforcement in order to produce surface metal matrix com-
posites (MMCs). They were investigated intensively because of their great resistance to abrasive wear.
Plasma melt injection (PMI) process was employed for layers of thickness 5-6 mm formed by two rep-
resentative powders consisting volumetric fraction of WC - 10% and - 20%. The micromechanical
characteristics were investigated as well as: Vickers hardness, Young modulus and SAR number, the
structures with the interface zones observed. Samples were machined and grinded and their resistance
to abrasion tested according to ASTM G75-01. As a result it is shown that the MMCs twice exceed the
wear resistance of the reference base stainless steel.

Key words: MMCs, tungsten carbide, Stellite 6, plasma melt injection, wear resistance

INTRODUCTION

The development of new composite materials
providing good strength characteristics as well as
increased wear and surface resistance to metals
and metal alloys is particularly relevant nowa-
days. A variety of challenging tribological situa-
tions can be found in the chemical and power
industries and they can be solved through the
application of protective wear-resistant MMCs
with advanced properties [1-6].

A new approach to the formation of surface
metal composites based on tungsten carbide us-
ing an overlaying technology is proposed.
Stainless steel matrix base material used for the
preparation of samples by means of plasma tech-
nique may result in layers of thicknesses between
1 and 6 mm.

The coatings were produced by injection of
powder blend into the zone of plasma arc action.
The resulting materials are with promising char-
acteristics for application in harsh abrasive con-
ditions.

The method of plasma melt injection with
powder dispersed in the molten metal has the
following particular advantages: process flexibil-
ity (wide range of controllable parameters), ex-
cellent adhesion to a substrate, low coating po-
rosity, protection from the ambient atmosphere.
This method allows to obtain local coating depo-
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sition with varying line width of 10-15 mm
(more for thicker substrates). It is possible to
deposit a protective coating exactly on the de-
sired area exposed to severe wear conditions.
The purpose of this research is to investigate the
mechanism of formation of stable multiphase
systems and suggest a technology for obtaining
composites with preset properties.

MATERIALS AND METHODS

Materials
Two different composites were studied both
with stainless steel type X5CrNil8-10 according
to EN 10088-4:2009, used as the matrix material.
The mixture of commercially available Stellite 6
(Deloro Stellite® 6, GmbH, Germany) and 10-
20 vol% WC particles (Deloro Stellite® 6,
GmbH, Germany) was utilized as reinforcement,
with granular size of ~ 63 um. The chemical
composition of the matrix material is given in
Table 1. The metal matrix composites were

produced by plasma technique.

Table 1. Content of elements in X5CrNi18-10,
%

C Si  Mn P S Cr Ni Fe

0.07 1.0. 2.0. 0.045 0.015 18.5 9.0 rest
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http://www.sciencedirect.com/science/article/pii/S0301679X05000435#tbl1

Methods

The raw materials and MMC were studied
mainly by X-ray analysis, infrared (IR) spectros-
copy, differential thermal analysis (DTA), scan-
ning electron microscopy (SEM), etc.

Thermal analyses were carried out on a com-
plex apparatus for thermal analysis (STA 449 F3
Jupiter), NETZSCH - Germany, under heating up
to 1,000°C at a speed of raising the temperature
10°C/min.

Infrared spectroscopy FT-IR - spectra were
made with Tensor 27 Fourier infrared spectro-
photometer FTIR (Bruker, Germany) in the
range of 400-4000 cm™. Measurements were
carried out at room temperature, samples (0.3
mg) was tabletted with KBr (100 mg) at a pres-
sure of 2-4 atm.

Measurement of structure — micro and macro
structure - the study of microstructure was car-
ried out with microscope Axiovert 200MAT and
Axiovision camera for recording. Metallographic
samples were etched by a mixture of 10 ml
HNO;, 20 ml of HCI and 30 ml H,O. The sam-
ples were held in the solution for 15 min, then
polished.

Measurement of hardness - the study of the
mechanical properties of materials in the range
of a few micrometers were performed according
to EN ISO 6507-1 with UMT-2M (Bruker-Cetr,
USA), working with a load of 2 N and allowing
measurement with maximum sensitivity of sam-
ples with dimensions in the millimetre range
area.

Resistance to abrasion measurement — SAR
measured with Miller tester according to ASTM
G75-01 for the abrasive response of the WC
composite which gives the relevant values for the
approved properties compared to the general
stainless steel characteristics in abrasive condi-
tions.

Roughness measurement - according to sur-
face quality requirements as per EN 25178-
70:2014 performed by Hommel Etamic "T8000".

EXPERIMENT

The process of MMCs deposition consists of
the following stages: powder preparation, deliv-
ery into the zone of the melt and deposition in-
side the pool produced by the plasma arc [7, §].
A powder mixture of Cr 17.5, Mo 28, Si 3.4, and
rest Co with WC with a mesh size of -100/+325
(particle diameters between 45 and 150 um and
volumetric ratio between the two components of
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5:1 and 10:1) was used in order to produce a
hard, composite coating on stainless steel sub-
strates, using the laser overlaying technique [9].
The powder mixture was introduced into the
shielding gas of the plasma equipment providing
a flow of defined quantity into the melting pool.

The samples were produced after laser clad-
ding of the base material with powder feeder
(carrying gas is argon). The large amounts of
carbides present in the microstructures can be
described as composites with extremely hard
carbides in a softer face centered-cubic (fcc) Cr-
Fe alloy matrix of the austenitic steel [10].

Experimental set-up and procedure

The application was plasma assisted with
forced powder mixture. The samples were with
starting thicknesses of 4 mm. The use of the
technique of plasma melt injection avoided com-
plex operations when combining the individual
components, which is a typical disadvantage in
obtaining composite materials, such samples are
prepared with only one operation from the start-
ing melt chemically defined. Dendrite formation
was inhibited by the absence of convection in the
crystallizing melt. Due to the zone melting the
obtained samples had a small section. Charac-
terization of the raw materials was made using
thermal analysis and infrared spectroscopy.

Powder characterization

Thermal analysis
Figure 1 shows the observed DSC plot of the
Co-based powder with WC. The corresponding
peaks show the resulting melting temperatures of
the received powder mixture.
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Fig. 1. DSC of initial powder




Infrared spectroscopy

Figure 2 shows the infrared spectrum of the
initial powder (powder mixture of WC and Stel-
lite 6).
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Fig. 2. FT-IR - spectra of initial powder

For the wave number 1088.32 cm™ the W-C
bonding is found whereas the Co-O one and the
Si-C are found on 797 cm™ and 1164 cm™ re-
spectively. The schematic representation is of
importance for defining the constituents in the
mixture.

RESULTS AND DISCUSSION

Different kinds of tests were used to charac-
terize the obtained coatings.

First, the identification (e.g. morphology na-
ture) was performed by granulometry measure-
ments to understand the occurring phenomena
and the particle size distribution. The resulting
from the mixed powder manufactured MMCs are
compared in terms of microstructures and me-
chanical properties.

MMCs characterization

Figure 3 shows the observed intermetallic
carbides which formed on the chromium basis.
They make the composite harder and increase the
plasticity in a defined direction [11-12].
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Fig. 3. Micrographs of the microstructures
formed as a reinforcing phase in SS substrate

The basic hardness values of the stainless
steels are compared with the ones achieved after
the surface modification with WC. For the layers
of SiC a Vickers hardness of 2600 MPa is
achieved only over the SiC hardfaced.

A standard slurry abrasivity test was run ac-
cording to ASTM G75-01 to determine the SAR
/slurry abrasion response/.

Fig. 4. Hardness and Young modulus



<

Fig. 5. Hardness and Young modulus distribu-
tion

The solid-fluid-mixture of distilled water and
0.045-0.075 mm particles of alumina powder
(99.7% AlL,03, 0.2% Na,0, 0.02% Fe,05, 0.02 %
Si0,) in the slurry abrasion process via simula-
tion of oscillating movement is used to determine
the test samples material resistance. Two coated
samples of X5CrNil8-10 with WC are compared
to uncoated ones in order to determine the cumu-
lative mass loss and the wear.

Since the resulting composites obtained in
experimental conditions are of small thickness =
6 mm, the study of the mechanical properties
consists of measurement of microhardness [6, 7,
8].

The present measurement of microhardness
follows the Vickers method. The average values
of the measurements are reported.
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Fig. 6. Surface profile of MMC
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Fig. 7. Roughness on surface profile

The study of the microhardness parameters
give an idea of the overall picture of the me-
chanical properties of the material and of its
structural features. The special position of the
microhardness among the other mechanical
properties is a sequence of the mare physical
nature of the test. In fact it is a complex internal
characteristic, depending on the basic mechanical
properties of the material and is thus fully char-
acterizing the elastic-plastic properties.

With the testing of the WC samples a depar-
ture of -6% and a lap wear of 0.01 mm is ob-
tained, thus showing the increase in the wear
resistance properties for the MMC sample.

The wear resistivity can be seen in the chart
of Figure 8.
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Fig. 8. Slurry abrasion response determination by
Miller Number System

The figure shows that the measured values of
the microhardness of the zones formed in the



metal matrix composite from 0.3 to 0.7 mm,
exceeded significantly the values of the hardness
of the steel base layer located at a depth of 0.7 to
1.2 mm. This shows that in this zone a layer with
a metal composite has been formed with strength
of the reinforcing layer larger than the base mate-
rial layer. The smoothness of the distribution
curve and the absence of the peak values of the
hardness show that the metal composite is com-
pletely connected and in thermo-dynamic and
kinetic coherence with the primary phase.
Roughness values for the tested samples show
Ra = 0.8 um initial up to Ra = 2.25 pm after the
wear test.

CONCLUSIONS

The possibility to prepare MMC with great
resistance to abrasive wear using powder mixture
of tungsten carbide (WC) and Stellite 6 as coat-
ing was studied. Coatings with tailored proper-
ties were deposited by plasma melt injection
through different powders introduction in the
melting pool.

From the tests performed the following ex-
perimental results were obtained:

- The technological procedure for PMI obtain-
ment of metal matrix composite based on
X5CrNil8-10 steel is proposed;

- Examined were the microhardness and abra-
sive response of the metallic composite material
in order to characterize the obtained stable mul-
tiphase system;

- The measured values of the microhardness in
the areas of the formed metal matrix composite
significantly exceed the hardness of original steel
thus allowing the receiving of hard faced layers
without losing the ductile and corrosion resistiv-
ity of the metal inside.
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ABSTRACT

Digital frequency synthesis is a term that is used in electronic devices for generating a signal with
stable frequency and amplitude. These devices convert the input reference frequency in one or several
new frequencies. A DDS has many advantages over its analog counterpart, the phase-locked loop
(PLL), including a much better frequency agility, improved phase noise, and precise control of the
output phase across frequency switching transitions. The purpose of this paper is to propose, develop
and study a variant of a direct digital synthesis generator which is capable of generating sine/square
wave with frequency ranging from 0 — 20 MHz with a view to its application in engineering practice.

Key words: digital frequency synthesis, digital generator, DDS

BBHBEJIEHUE

B cpBpeMeHHaTa eneKTpOHHA TEXHHKA €Ke-
HEBHO C€ HaJlara M3MOJI3BAaHETO Ha CIIEeIHATH3H-
paHu u3MepBaTeaHu TeHeparopu. ToBa BOIH 0
TSAXHOTO TPOTPECHBHO pa3BUTHE W TH TPaBU
IIMPOKO TIPIIIOKUMHU — B CHCTEMHTE 3a CIIeIHa-
JIM3UpaHUu HU3MCpPBaHHUA, 3a HYXIUTC Ha MCIH-
[UHCKAaTa eNEeKTPOHUKA U T.H.. V3MepBaTenmHuTe
TeHepaTOpH Ce W3IOJI3BAT CHINO U 32 OleHKa Ha
pasroYecTOTHU CHEKTPH, C IeN pa3padoTBaHe U
YCBBBPIIICHCTBAHE HAa METOIU U alNTOPUTMU 3a
aHaIlM3 Ha CHUTHAJM, YAUTO apryMeHTH (HOCHUTe-
U Ha ompeneieHa wHpopmarmsa) Ouxa mpeans-
BUKAJIM PEaKII¥sl Ha aBTOMATU3MpaHa CHCTEMA 3a
yIpaBJICHHE.

I'eneparopure, W3MON3BAIIN AWPEKTEH CHH-
te3 Ha yectoTara (DDS — Direct Digital Synthe-
sis), TO3BOJISBAT JUPEKTHA MOMAYJNALUS HA W3-
XOAHUS curHan [2, 3].

Benuku chBpeMeHHH eNeKTPOHHH CHCTEMHU
H3110J13BaT ]_II/I(i)pOBI/I TCXHOJIOTHUHU 3a YIIPABJICHUEC
W KOHTpOJI Ha >xenmaHute curHanmu. Ludposust
CHHTE3 Ha YeCTOTa € TePMHUH, KOMTO ce U3IMO0I3Ba
NP CJICKTPOHHHU YCTPOMCTBA 3a TeHEpUpPaHE Ha
CUTHAJIM ChC CTa0WIIHA YECTOTa U aMILTUTYJa.
Te3u ycTpoiicTBa mpeoOpa3yBaT BXOJHA €TAIOH-
Ha 4eCToTa B €JHa HJIN HAKOJIKO HOBU YECTOTH.
HoBute uecToTH ca KOHTPOJHMpaHH OT CEpUcH
perucThp (aapeceH Oposd), C KOETO Ha U3X0J1a Ce
mocTura IuGpPoBUAT CHHTE3 [4, 5].

19

[IpemumcTBara Ha MOKOOHU U(GPOBU CHUHTE-
3aTopH ca:

- OCUTYpsIBaHE Ha IMMMPOK YECTOTEH JIMAITA30H;

- BB3MOXKHOCT 3a JUPEKTHA MOLYyJIallUs,

- CTa0WMITHOCT B U3XOJHATa aMILTUTY/Ia;

- IPENM3HOCT HA TEHePUPAHATA YECTOTA;

- HEMpeKhCHATOCT Ha ¢azaTa Ha W3XOIHUA
CHUTHAJI,

- HUCKO HHWBO Ha IIyMa W JOITBbJIHUTEITHHUTE
XapMOHUYHHU CHCTABHH.

IIpe3 mocnemHuTe TOAWHU TO3M METOA 3a
CHUHTE3HMpaHe Ha YECTOTH € TOJKOBA PaslpocTpa-
HEH, 9¢ BCHYKH CHhBpEMEHHHU ITU(POBH YCTPOHC-
TBa M3IOJI3BAT MPEANMCTBATa HA Ta3M TEXHOJO-
rusi. biaronapenue Ha HEToO ce HaMaluxa pa3Me-
puUTE W HapacHa yI00CTBOTO TPH EKCIIIOATAITHA.
ChIEeBpEMEHHO C€ YBEIMYHXa KadyeCTBEHUTE
MOKa3aTelld W CUTYPHOCTTa Ha U3I0JI3BaHATa
“3MepBaTellHa TEXHUKA.

IlenTa Ha HacTosmaTa pa3paboTka € Ja ce
MPEIJIOKY, peaau3upa U U3CIeABAa BapHaHT Ha
CUTHAJ — TeHEpaTop C IUPEKTeH CHHTE3 Ha yec-
totrata B ooxsara oT 0,1Hz no 20MHz, ¢ ornen
MPIIOKEHUETO My B MH)KCHEpHATA TIPAKTHKA.

N30 KEHUE

DDS cunTezaTopuTe MMaT BB3MOYKHOCT Ja
TeHEepUpPaT MHOXECTBO M3XOIHH YECTOTH Ype3
U3I0J3BaHEe Ha eTaJOHeH W3TOYHHMK. OCHOBHA
CTpYKTypHa CcXeéMa Ha II0J00EH TeHeparop €


https://en.wikipedia.org/wiki/Phase-locked_loop
https://en.wikipedia.org/wiki/Phase_noise

noka3aHa Ha ¢ur. 1. ['eHepaTopbhT Ha TakTOBa
yecroTa (I'TY) ynpasnsasa agpecen 6posy (Abp),
a TOM OT CBOS CTpaHa aJpecHupa MameT 3a YeTeHe
(PROM), B KOSITO Ce CHhXpaHABAT €IUH WU I1O-
BeUe Mepro/ia Ha U3XOAHUA curHai. Upes aapec-
HUs Oposiu ce n30bupa JKelaHaTa KJIETKa OT Ta-
MeTTa. EXBUBaNeHTHUAT UQPOB 3amuc OT Ta3u
maMer mpe3 aapeceH peructbp (AP) mocrhmBa
KbM U POBO-aHATIOTOB npeoOpazyBaTeln
(IAIT), otkbmeTo ce mpeobOpa3yBa B aHaJOroOB
CUTHaJ C jkenaHata dectorta. llomyueHusT cur-
Hal ce (QuITpupa OT HHCKOYECTOTEH QHITHP
(HY®). CnexrpanHara 4MCTOTa Ha MOJYYECHHUS
aHAJIOTOB CHTHAJI 3aBUCH OCHOBHO OT IapaMeT-
pUTE Ha BrpameHUs ITU(GPOBO-aHAIOTOB IMPeo0-
pasyBated.

AbBp PROM AP

A 4

LIAII

v

HY®

v

I'T4

F Hn3x

®ur. 1 OcHoBHa cTpykTypHa cxema Ha DDS
TeHepaTop

OCHOBEH HENOCTAThK TYK €, Y€ IO0-BUCOKHU
XapMOHUYHU ChCTaBKU B usxona Ha [{AIIl morat
Jla TIOTIaHAT B YECTOTHATa JIeHTa Ha T€HepHpa-
HUS CUTHAJ, KOCTO T MPaBU TPYAHU 3a QUITPH-
paHe. PemieHnero Ha TO3W HEJAOCTATHK € peain-
3anuATa Ha TeHeparop ¢ $a3oB KOHTPOI Ha dec-
TOTaTa, KOMTO JIECHO MOXKE Ja QUIATpUpa HEwkKe-
JIAHU XapMOHHMIIM OT TO-BUCOK PEJl.

IlocoueHaTta cTpykTypHa cXxeMa MOXKe Jia Te-
HepHUpa CTAOMIIHUA U3XOJHHU CUTHAIM, HO HEHHUST
OCHOBEH HEJOCTAThK €, Y€ U3XOJIHATa 4YecToTa
MOXKE J1a C€ TIPOMEHsS caMoO 4pe3 IMpOoMsHa Ha
€TAIOHHHA TaKTOB T€HEpaTOp WJIM Ype3 MPempo-
rpamupane Ha PROM namerTa.

OTynTailku HEJOCTATHIUTE HA TOpEnocoye-
HaTa CTPYKTypa U ChOOpa3siBaiiku ce ¢ mpeaBa-
pUTENHO TOCTaBEHUTE H3UCKBaHUSA KbM DDS
reHeparopa, a UMEHHO:

- yecroTeH ooxsar: 0,1Hz no 20MHz;

- m3xoHO Hampexkenue: ot 0V mo 4V, pu T10-
Bap RL=50Q;

- orHomeHue curHaw/mym = 50dB (paborHa
gectora oT 10MHz);
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- KOoe()UIIMEeHT Ha 3aIThbJIBAaHEe HA HMITYJICHATA
nopeauna - 50%;

- BpeMe Ha HapacTBamius (ppoHT - MO-MaJKO OT
4ns;

- CTBIIKA Ha W3McHeHue Ha yectorara: 0,1Hz B
munanaszona ot 0.1Hz — 9.9999999MHz u 1Hz B
nnana3ona or 10MHz — 20MHz,6emte cunresu-
paHa ciieqHaTa OJIOKOBa cXeMa:

TF_’MH_»DDS_>CD_»Y2
t t I l
EEPROM ur
Vi Uanal
K
Udig

@ur. 2 biokoBa cxema Ha CHHTE3UpPaHUs
DDS reneparop

O3HavyeHHATa Ha OTACTHHUTE OJOKOBE ca, KaK-
to cnensa: T — TakroB reneparop; MII - muk-
ponponecop; EEPROM — nporpamupyema mna-
MeT 3a yeteHe; DDS — reneparop ¢ AupeKkTeH
nu¢poB cuHTE3 Ha yectorarta; MI' — ummyscen
reneparop; @ — ¢unrep; Y 1,2 — ycmnsatenu; K
— KOMIIapaTop.

B Taka cuHTesupaHata OJOKOBa cxema OT
¢ur. 2 MHUKpPONpPOLECOPHT YyNpaBisiBa BCHUKU
BXOAHO-U3XOAHW (YHKIMM Ha CHHTE3aTOpA.
[IpenBuaeHUST TeHEPAaTOp HA MPABOBI'BIHU UM-
MyJICK C€ M3MOJ3Ba KaTo TaKTOB I'eHepaTop 3a
yOpaBJI€HHE Ha BrpaJieHUs MHUKPOIPOLECOp.
Brpagenust EEPROM cbXxpaHsiBa BCUYKM Ha-
YaJTHU JTAaHHU 3a paboTa Ha MPWIOKHUSI GBpMyep
(paboten o0xBaT, HACTpOiKa Ha M30paHU KIETKU
OT naMeTTa). M31moa3BaHusT IPOLecop € CBbpP3aH
kbM LCD Jlucruieit, KaTo JUPEKTHO yIpaBisiBa
uudpposus DDS renepatop. Taka ungpoBusT
CHUHTE3aTOp CE€ YNPaBIsABA OT MMIIYJICEH TAKTOB
reneparop Ha SOMHz.

[Momyuenust m3xomeH curnan or DDS uma
3HAYUTEIHU HM3KPUBSABaHUS (MOpagyd BHCOKHUTE
HUBa Ha CTPaHWYHUTE XapMOHHUIM) U 3aTOBa B
U3X0Ja My Ce€ CBBbp3Ba (PUATHP 3a H3BEXKTAHE
€MHCTBEHO Ha JKeJaHus crnekrwp. [lomyueHust
CHUHYCOMJIAJIEH CUTHAJ € C HEAOCTAaThYHA AMILIH-
TyZa, KOETO Hajlara HETOBOTO YyCWiIBaHe. Tasu
3a/laya ce M3MBIHSABA OT ONEpalMOHEH yCHJIBa-
TeN, KOWTO yCUJIBA HACKATA U3XOJHA aMIIUTYAa
Ha CHUHTEe3aTopa. 3a yAOBJIETBOPsIBAHE HA IIOCTA-



BCHUTE M3UCKBAaHUS KBM CXeMara Ha H3MepBa-
TenHUua TeHeparop, karo DDS cunrezatop ce
W3II0JI3Ba CIeUUATU3UpaHaTa HHTErpasHa cxema
(UC) AD9835. Ts ocurypsia MHOTO 10o0Opa MH-
TeTpalys NpH CICHHATN3NPAHN H3MEpBaTEeIHN
YCTPOHCTBA U BHCOKOYECTOTHH CXEMH 338 KOMY-
nukamma. CTpykTypara Ha ClIeHUaIH3UpaHus
TeHepaTop ¢ KOMOHWHAIUS OT ITM(pPOBO KOHTPO-
JpaH ocuuiaatop ¢ (a3zoBo yHpaBieHHE, KOCH-
HyC TpeKofupamia Tabiauua 3a ymnpaBicHHE Ha
U3XoqHaTa IMQpoBa ayma, (a3zoBO/YECTOTECH
MoayJaTop, Mu(pPoBO-aHATIOTOB Mpeodpa3zyBaTes
[6].

CTpyKTypHaTa cXeMa ce ChCTOH OT TPU OCHO-
BHH YaCTH:

- IU(POB KOHTPOIHpaAH OcUMIATOP U (Ha3oB
MOJyJaTop;

- KOCHHYC TIpeKojnpaia taduumma 3a oopabdo-
TKa Ha JJaHHHUTE, (OpMUpAIIN U3XOTHHUS CUTHAIT;

AD9835 e HambIHO MHTETPUPAH YU 3a JTU-
pexteH 1UQPOB CHHTE3. 3a TCHEPUPAHETO Ha
MPEeNM3HU CUTHAINM YUI'BT HAMHpA MPHUIIOKEHUS
U NpH CHEUHANU3UPAHU CUCTEMH C H3IOJI3BaHE
Ha Moaynanug. To3um THO MOAyNaTOpu ca Ha-
OBJIHO TPWIOKUMH B IHQPOBUTE YCTPOHCTBA,
KOETO MM IO3BOJISIBA /1a TEHEPUPAT CI0KHU UM-
ITyJICHU TIOCJIEOBATEIHOCTH U JOPH peanu3aiys
Ha CJIOXHH aJrOpuTMH, mpuioxumu mpu DSP
TEXHOJIOTHU.

Karo nponecop ce uznonzsa UC KS57C2308
- CIenyaau3upaH MHKPOIPOLECOp 3a YIIpaBie-
Hue Ha DDS renepatop AD9835. Toit koHTpo-
Jvpa BCUYKHM BXOIHO-U3XOAHU (DYHKIMH Ha re-
HepaTopa.

YacT OoT NpUHIUITHATA eJIEKTPHYEcKa cXxeMa
Ha reneparopa, BkiarouBamma MC AD9835, dpui-
Thpa, JBaTa yCUJIBATENs U KOMIIapaTopa, € MmoKa-
3aHa Ha ¢ur. 3.

- IU(pPOBO-aHATOTOB npeoOpaszyBaTen
(LAII).
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®ur. 3 Yact ot mpuHLMIIHATA eneKTpudecka cxeMa Ha DDS reneparop

LludpoBusaT reHepaTOp ce ympaBisBa OT
KBaplOB pe3oHaTop ¢ padoTHa yectota SOMHz.
KoM u3xona Ha cunTe3atopa (u3Box 14, Ioyr) ce
CBBp3Ba Mpenu3eH pe3uctop R4, Bbpxy KOUTO ce
[0JIy4yaBa HaIlpeXEeHUE, EKBUBAJICHTHO Ha roJie-
MUHATa Ha Toka. ['oleMuHaTa Ha pe3ucTopa ce
onpenens Npyu MUHUMAJNEH U3XOJeH TOK loyr =
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4mA u orpaHWYcHHE B MaKCUMAITHOTO H3XOJIHO
Hamnpexenue 10 Ugyr = 1,35V.

UznomsBanust HuckouectoTHHs Guntsp (C8,
L4, C9, L3, C10, L2, C11) mpemaxBa HeKEIIaHU-
T€ CMYILIEHUS B U3XOAHHS CUTHaJ. OUATHPHT €
CBBp3aH U KbM pe3uctop R6, koilto cimyxu 3a
aMIUTUTYJTHA HacTpoHKa.



PE3YJITATH U OBCBHXJIAHE

Ha nuuesus nanen Ha cuHTesupanus DDS
TEHEPATOp € Pa3MoJIOKEHAa KIIaBHATypa OT TpHU
OyTOHA, C KOUTO Ce BBBEX/a jKeJaHaTa M3XOoaHa
yecToTa. B mpeiokeHus MakeT € IPEeIBUICHO U
IJIABHO PETyJHpaHE ¢ MOMOIITA HAa POTALMOHEH
SHKOJIep, KOWTO MOXKE Ja HW3MEHS H3XOJHaTa
YecToTa B paMKUTe Ha HskoJiko mHz . B xomOu-
HAIWsl C JIBaTa ymnpasisBaimu Oyrona ,,<’ u ,,>”
MOXKE Ja C€ M3MEHS HAcCTpoHKaTa Ha XCIaHHs
paspsn ot auciuies. Upes 3aBbpTaHe HAa POTaLU-
OHHHS €HKOJIEP CTOMHOCTTa MOXE J1a C€ YBElHu-
yaBa WIM HaMallsd B 3aBUCUMOCT OT IOCOKaTa Ha
BbpTeHe. Korato cTOWHOCTTa c€ NpPenbJIHH,
MpeMUHaBa KbM CJIEABAIIaTa MO-TOJsIMa WU 110-
Maika udpa.

AMIIIMTyAaTa HA CUHYCOMAANHUS CUTHAN Ce
KOpUTHpa C IOMOINTa Ha TMOTEHIMOMETBP RO
(¢ur.3) B quanazona ot 0 V mo 0,9 Vrms. Tosa
HUBO C€ MO0JlaBa Ha BXOJa Ha WU3XOAHUS YCHUJIBa-
TeT U MOXke 1a OpJe ycmreHo a0 3 meTu. Ciuemo-
BaTEeITHO, MaKCHMallHATa M3XOJHA AaMIUIATYJa
MOJKe JTa jocTturHe 1o 2,7 V.

[IpoBenenu ca pemuiia TecroBe Ha DDS rene-
patopa 3a YyCTaHOBSIBaHE MapaMeTpuUTe Ha W3-
xoqHuTe curHamu. Ha ¢ur. 4 e mpencraBeHa
U3XO/HATa XapaKTEepUCTHKATAa — H3XOJHO Hall-
pexenue Uy, BBB (YHKIMS OT TeHepUpaHaTa
YeCcTOTa IPU Pa3IMUCH KanaluTUBEH TOBap.

Uout=F(f)
28
27 = —
25 \%‘\
> —C=B2pF N
€ 2.3 1 i
3 o || C=100F =
2 {|l—c=1500F
18 i
1
17
15 T T T T
0 5 10 15 20 25
Freq, MHz

®@ur. 4 N3xoana xapaktepucTurata — Uy, =
f (four) mpu C; = const

Ot rpaduknTe ce BIXKAA, 9¢ B YSCTOTHHS M-
anmazon 0,1Hz mol5MHz wu3xomHOTO Hampexe-
HUE € TMOYTH KOHCTAaHTHO, a B Juana3oHa
15+-20MHz cnana ¢ okomno 1V.

Ha ¢wur. 5 e npencraBena 3aBucuMocTTa Ha
KOHCYMHUPAHUS TOK l.ons BBB (DYHKITUS OT U3XOJI-
HaTa 4yecToTta fo,. ['padukuTe moka3Bar, 4e KOH-
CyManusATa Ha TOK HapacTBa MOYTH JHHEWHO H
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IpU TPUTE TOBApa, KaTro IMO-CEPHO3HO OTKIIOHE-
Hue ce HabmromaBa mpu dectota 12 MHz. [lpu-
YMHATa 32 Ta3W HEJIMHEHHOCT B KOHCYyMAalMATa €
IPOMSHA B Pa3peIHOCTTa Ha (ha30BUs PETHUCTBHD,
T.e. TIPH BCSIKAa MPOMSHA Ha Opost Ha 3HAYEIIUTE
paspsaau ce MPOMEHsI U perucTpupaHara KOHCY-
Malys Ha CHHTE3aTopa.

leons=F(f}

o7 -
—C=RpF

—C=100pF

02
—G=150pF

87

kcons, maA

] 20 25

Freq, MHz

@ur. 5 3xoaHa XapakTepuCTHKATA — lcons =

(fou) mpu C; = const
3AKJIIOYEHUE

C momormiTa Ha BHUCOKO HWHTCTPUPAHUS UHII
AD9835 u cpaBHHUTETHO MalbK OpOil eJIeMEHTH
€ peanu3upaH BHCOKO kadecTBeH DDS renepa-
TOp 3a CUHYCOWJIaJJHU U MPaBOBI'BJIHM CUTHAIIH.
MakcumanHata U3X0JHa YECTOTa € OrpaHHuYCHA
chIJacHO Teopemara Ha HalikylicT u € Ha mono-
BHHATa OT TaKToBaTa dectora, T.c. 25MHz. Ha
MpakTHKa obaye ce manonsBa camo 40% OT Tak-
ToBaTa yectota, T.e. 20MHz. Taka npennoxxeHu-
at DDS renepaTop Moxke 1a ce W3M0J3Ba KAKTO
OT CTYJIEHTH TI0 BpeM€ Ha JTaOOpaTOPHU yIIPaXK-
HEHUs, TaKa U OT UHXEHEPU — MPU IMIPOEKTUPAHE,
U3MNUTBAaHE U PEMOHT Ha €JIEKTPOHHA anapaTypa.
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THERMOELECTRIC COOLING SYSTEM MODELING

Ivaylo Belovski
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ABSTRACT

Peltier module is the main part in a thermoelectric pump. It is successfully used for cooling small
volumes by converting the electrical energy into a temperature gradient. Thermoelectric cooling sys-
tems have been gaining popularity in recent years. They are widely used in different areas: in modern
automobiles - for cooling and preserving products during their transportation; in portable cooling
bags, in computer, military and medical equipment. This article presents a simple model of the ther-
moelectric cooling system. The method of finite differences has been used for the modeling and simu-
lation of processes related to the cooling of a product.

Key words: thermoelectric cooling system, Peltier module, finite differences method

NOMENCLATURE
Tl - Cold side heat sink temperature, °C;
T2 - Hotside heat sink temperature, °C;
T3 - TCS volume temperature, °C;
T4 - TCS outer wall temperature, °C;
T5 - TCS inner wall temperature, °C;
T6 - Water container temperature, °C;
T7 - Ambient temperature, °C;
At - Sampling time, s;
o - Convective heat transfer coefficient,
W.m'Z.K'l;
\% - Air velocity, m.s’;
Qeny. Heat flow between the environment

and the air in the volume, W;

Qproa . - Heat flow between the cooled product
and the air in the volume, W;

Qrec Heat flow between the heat sink and
the air in the volume, W;

tew. - Ambient temperature, K;

twl - Volume temperature, K;

Fua - Area of walls and the ceiling, m*;

Qout - Convective heat transfer coefficient

between the environment and external wall of the
container, W.m2.K™";

Olin Convective heat transfer coefficient
between the inner walls of the container and air

inside, W.m?2K";

Owat - Thickness of the walls of container, m;
Awan - Thermal conductivity coefficient, W.m’
1.K_1;

0" rod Convective heat transfer coefficient

between cooled product and the air in the con-
tainer, W.m>.K";
Fpoa - Cooled product surface area, m%;
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tpoa - Cooled product temperature, K;

Nee - Cold side heat sink termal flow, W.K';
teold - Cold side heat sink temperature, K;

t:ZZA T Change volume air temperature for time
A1, K;

Vo - Volume air in the container, m’ ;

Vieda - Volume of cooled product, m’;

P. - Volume air density, kg.m‘3;

Cvo - Volume air specific heat capacity,

Jkg' K

[;5; - Change cooled product temperature for
time At, K;

P porod Cooled product density, kg.m’3;

Cproa - Cooled product specific heat capacity,
J .kg'l.K";

P - Power input for TEC, W

I - Current, A

U - Voltage, V

AT - Temperature difference -

AT =T2-T1,°C

Q. - Refrigeration capacity, W.

INTRODUCTION

The major node in a thermoelectric cooling
system (TCS) is the thermoelectric pump (TEP),
in which a thermoelectric module (TEM) is inte-
grated [1]. The thermoelectric module is the
smallest purchase element that is composed of
Peltier elements. These are the elements that
convert electrical energy into a temperature gra-
dient [2]. Today, thermoelectric devices are suc-
cessfully used in our everyday life, enhancing a
better comfort and quality of life [3]. Cooling



based on the Peltier effect has several indisput-
able advantages. The devices are relatively sim-
ple and with small dimensions, they possess a
good construction reliability and long service life
(over 200,000 hours). They do not have any
moving parts or environmentally harmful refrig-
erants. Modern TEM are highly effective - with
power up to several hundred watts.

That is why the methods of designing, model-
ing, analysing and constructing thermoelectric
devices are attracting a still wider range of spe-
cialists. In recent years, thermoelectric cooling
systems have been widely used [4]. They have
been applied in modern vehicles for cooling and
preserving products during their transportation,
in portable cooling bags, computer, military and
medical equipment.

The purpose of this study is to synthesize a
thermoelectric cooling system model with a lim-
ited calculation procedure using finite differ-
ences method.

EXPERIMENT

For the purpose of the modeling an experi-
ment has been carried out, the results of which
have been analyzed and used to create the model
of TCS.

A thermoelectric cooling system has been
designed in order to carry out the experiment. It
consists of a thermoelectric pump 1 and a 10 liter
container with double walls 7 and 8, between
which a thermal insulation layer 9 (Fig. 1) is
embedded. Thermoelectric pump 1 is constructed
according to Peltier TEM 4 and a heat conductor
5, hot side heat sink 3 and cold side heat sink 6
of Peltier module and fan 2 attached to the hot
side heat sink for temperature withdrawal. A
plastic bag with water 10 is placed into the con-
tainer. There is only natural convection, without
any additional ventilation.

The cold side heat sink temperature is meas-
ured with thermometer T1, the hot side heat sink
temperature with thermometer T2, the tempera-
ture in the TCS volume with thermometer T3,
the TCS outer wall temperature with thermome-
ter T4, the TCS inner wall temperature with
thermometer T5, the temperature in the water
container with thermometer T6 and the ambient
temperature with thermometer T7.

The electric power consumption of the ther-
moelectric pump during the test is P = 88W. The
optimal DC mode which generates the lowest
temperature of the cold side heat sink T1 = -12°C
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and the lowest temperature in the container vol-
ume T3 = 5°C:1=8A,U=11V (P=U.).

The maximum temperature difference AT be-
tween the hot and cold side of the TEM is AT =
45°C. At this AT and I = 8A, from catalog data of
TEM the absorbed thermal power is Qc = 15W.
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Fig. 1 Thermoelectric cooling system

For the purpose of modeling, the method of
finite differences [5, 6] is applied. According to
this method, time and space are broken down
into infinitesimal parts. It is assumed that in or-
der to reduce the calculation procedure the air
temperature in the TCS, and the temperature of
the cooled product should be identical in their
entire volume [7, 8]. It is also assumed that dur-
ing the infinitely small time interval (At) the
parameter values are constant.

For the purpose of modeling, the method of a
small time interval (At) is applied, the parameter
values are constant. To reduce the calculation
procedure, taking into account the identical air
parameters in the entire volume, it is assumed
that there is a heat transfer through the bent flat
wall with an area, insulation characteristics and a
specific heat capacity suitable for the container
sides.

It is assumed that the TCS is located in a con-
fined space which provides the heat transfer be-
tween the outer walls and the environment by
way of a natural convection. The coefficient of
convective heat transfer is calculated according

to the model of McAdams [9]:
a=56+4v,

(D,

where v is air velocity.



Considering the presence of a heat sink on the
cold side of the Peltier module, it is assumed that
the heat transfer between the air volume inside
and the inner walls of the container is through
convection.

The energy balance of air inside the container

is the sum of: Qenv, Qprod and Giec
Qenv + Qprod + Qtee =0 (2)

Each of these heat flows, in turn, is expressed
through: [2, 5, 6].

Q _ (tenv _tvol )'Fwall
S a1 @
Xors Aarr Py
O,oa = (t prod Lol )F prod 'a;nrod “)
Qtec = Ntec (tcold - tvol) ®)

The change of the air temperature inside the
container for a period of time At is determined

by: [7], [8].

tHIAr = . (Qenv + Qprod Qe )'AT (6)
T V=Vt )Pt Co

The change of temperature of the cooled
product for a period of time At is similarly de-
termined:

t+AT Lt

t prod — “prod

(med )AT
V

prod -P prod ‘Cprod

The modeling algorithm of the thermoelectric
cooling system is as fallows - after initial defini-
tion of the conditions, the following data are
calculated successively:
The power of heat flow between the air in

the volume and outside the container -Q,

(7

nv ;
The power of heat flow between the cooled
product and the air inside the container -

Qprod >
The temperature change in the volume of
the container. - ¢

vol >
The temperature change of the cooled prod-

uct—tpmd.

The results are presented in graphics.
RESULTS AND DISCUSSION

On the basis of synthesized mathematical
model a user application TECS v.1.0 was created
within Microsoft Visual Studio 2010.
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The operating interface consists of an input
tabular part and an output - drawings. In the
tabular part, the following parameters are given:
Simulation duration;

Sampling period;

Air velocity outside TCS;

Air velocity in the volume of TCS;

Ambient temperature;

Initial temperature of TCS ;

Initial temperature of a cooled product;

Length, width and height of the TCS con-
tainer;

Thermal conductivity of the walls of a con-
tainer;

Thickness of the walls of the container;
Surface area of a cooled product;

Mass of a cooled product;

Specific heat capacity of a cooled product;

Volume of a cooled product;

Relative power of the cold side heat sink of
TEP;

Electric power of TCS.

The input part is shown in Figure 3. After

pressing the "Simulate" button, simulation of

processes in the TCS can be carried out and the

results are displayed in graphical form.

The application offers users two modes:
Mode "True values" — in this mode, the
simulation of processes in the TOC is compared
to the experimental data. The results are pre-
sented in graphical form — Figure 4.

Mode "Constant" - in this mode, it is
believed that the cold side heat sink has already
reached a certain temperature (set by the user)
and at this point a product is put into TOC for
cooling. The program simulates:

The air temperature in the TCS - time func-
tion — ¢, = f'(1);

Temperature of a cooled product #,,,; = f (1);
The power of heat flow between the cold
side heat sink of the TEP and the air in the
volume of a container — Q.;

The power of heat flow between a product
for cooling and the air in the volume of a
container — Q045

The power of heat flow between the envi-
ronment and the air passing through the
walls of a container — Q,,,;

Efficiency (COP) of TCS - figure 5.
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A model of a thermoelectric cooling system
has been synthesized. It has been significantly
simplified from a technical standpoint in order to
limit the calculation procedure.

Experimental tests were carried out on a
thermoelectric cooling system, developed for the
purpose, to find out dependence of the cold side
heat sink t.q4, the air temperature in the volume
tyo and the temperature of a cooled product toq
on time - t.

The experimental results were used for com-
paring and validating the simulation results.
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ABSTRACT

The use of applications for noise reduction often changes the characteristics of the input signal.
The successful methods for eliminating noise unfortunately require high computational complexity,
and thus the process of obtaining the final result is slow.

The present article studies a model demonstrating the cording signal of human speech, visualizing
the noise in signal and its reduction through the Matlab application.

1t is necessary to definite the level of detail for performance of each step of the algorithm, as well

as the provisions for possible exits and rules for making decisions. An ongoing analysis of the proc-

esses occurring during the execution algorithm is carried out. Intuitionistic fuzzy sets are used to esti-

mate noise reduction in speech.

Key words: voice signal, filter, intuitionistic fuzzy estimations, signal discretization, noisy voice

signals, Matlab
INTRODUCTION

Speech is a basic means of communication
between people. Human speech is a fundamental
way for humans to convey information to one
another. With a bandwidth of only 4 kHz; speech
can convey information with the emotion of the
human voice. Some properties of the speech
signal are: a one-dimensional signal, time as its
independent variable, random in nature, non-
stationary and the frequency spectrum not con-
stant in time. Although human beings have an
audible frequency range of 20 Hz to 20 kHz,
human speech has significant frequency compo-
nents only up to 4 kHz. The effect of interference
noise in speech signals is the most common
problem in speech processing.

Speech is distributed in the form of a sound
wave which spreads from the source in all direc-
tions and which is perceived by the auditory
system. Speech wave is seen as an analog signal
controlled by the photon apparatus of man. It is
presented in the form of a signal with a certain
amplitude and length (wavelength). Speech sig-
nals consist of analog speech models based on
undergoing of the process of converting a con-
tinuous analog signal into a signal with discrete
values called discretization, analysis and sym-
bolic presentation of the speech (Figure 1) [3-4].
Each sound wave can be represented as a spec-
trum of the incoming into its composition fre-
quencies.

! ! Output digital
! TI I I ! signal .
%—» | Signal Quantization | i | Digitalproc- | | | DAC !
''| Discretization Signals > essing of : > |
Input ! ! signals i |
analogue ! ! | :
signal | ____________________________ADC ! Inputdigital Ly ﬁ:h:|_> |
signal ! Low — i
i Pass |
! Filter :
i Analogue '
| ¢ signal |

Fig. 1. A scheme for processing sound signals
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When doing research on any spoken lan-
guage, first of all the individual phones must be
identified. Then it is determined in what position
and what sound environment they meet each
other and what their distribution is. The phoneme
as the smallest segmental unit of speech serves as
a differentiation of morphemes and word forms.
The phoneme system of Bulgarian language con-
sists of 45 phonemes: 6 vowels (vocals) and 39
consonants. In speech it is realized in the form of
various options. The sensing characteristics of
human speech have been estimated using the
phonemes of the phoneme system of Bulgarian
language.

This article is the first of a series of articles
exploring many problems associated with noise
filtering and recognition of Bulgarian speech. It
examines how to apply filters to reduce noise and
improve the original source voice recording.
Then it will be used OM to describe the flow of
the processes during training and at the end it
will be used IRO to compile the assessment of
the applied filters in the current examination.
With the Matlab application a large number of
experiments are conducted to maximize noise
reduction. Figures 2 and 3 present a noisy speech
signal and an estimated speech signal.

Fig. 2. Noisy speech signals

Fig. 3. Filtered speech signals
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Interference noise masks the speech signal
and reduces its comprehensibility. It can come
from acoustical sources such as ventilation
equipment, crowds, traffic, reverberation and
echoes. It is possible to arise electronically from
thermal noise, distortion products or tape hiss. If
the sound system has unusually large peaks in its
frequency response, the speech signal can even
end up masking itself.

GENERALIZED NET MODEL

The generalized net model describes the proc-
ess of applying algorithm and estimations in
terms of IFS [1-2]. Initially, the following tokens
enter the generalized net with the respective in-
formation characteristics:

In place /,;, a token enters with a characteris-
tic “speech signals”;

In place L,, a token enters with a characteris-
tic “algorithms for noise filtering”;

In place L34 a token enters with a characteris-
tic “compared algorithms”;

In place L4y a token enter swith a characteris-
tic “calculating of intuitionistic fuzzy estima-
tions”.

A generalized net model with an introduced
set of transitions A: A= {Z\, Z,, Z3, Z4} is devel-
oped, where the transitions describe the follow-
ing processes, respectively:

Tasks performed by speech recorder — tran-
sition Z;

Tasks performed by noise filtering algo-
rithms — transition Z>;

Tasks performed by compared input and fil-
tered signals — transition Zs;

Calculation of intuitionistic fuzzy estimations
— transition Z;.

Z4

h v\iﬂ S it
O O Z3 I3
Iz RN S it
Yy 7y
R s e
O O O

Fig. 4. GN-Model of noise reduction in speech



The Z, = {1, Lia}, {lin, by Lia}, R, (L, Lig)
index matrix of the transition conditions is:

| lipy L Ly
R =1 | false false true (1)
Liy | Wigjpr Wiaa true
where:

W, 4,r1= “is available signal”;
W, ,,= “is available signal to noise filtering”.

The token entering place /, obtains new char-
acteristics “signal for noise filtering”.

The Z,= {L, ls,Loa}, {b5, Loa}, Ro, (o, 1y Loy)
index matrix of the transition conditions is:

true

false
false
Wras

2

true

true

where:

w, 43— “noise filtering is complete”.

The Zs = {L5, L34}, {liss, la, Is, L3a}, Rs, (I3, L34)
index matrix of the transition conditions is:

| lirs ly Is Ly,
Ry= 1L, | false false false true 3)
Lyy |\ Waniro Wiga Wiys true

W, .2 = “good noise filtering™;
W, ,,= “additional application of filters™;

W, , s= “noised or rejected signal”.

The index matrix of the transition conditions
iS:
Zi= s, Lip, Ly Laay, s, Laay, R3, (L, L, D,
Lys)

| iy Lyy
Ly | false  true
Ry =1y, | false true 4)
lis | false  true
Ly | W, a3 lrue
where:

w,, 3= “results are estimated”.

The token entering at place L4s obtains char-
acteristic “estimations u;v;”.

All calculated estimations take initial values
of {0, 0} , when > 0, the current (i+1)™ estima-
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tion is calculated on the basis of the previous
estimations according to the iterative formula:

Ly, +p v, +v
i=1 " i=1

(“i+1 ’Vi+1) = ( ) ’ (5)

where are the previous estimations and (u, v) is
the latest estimation of the messages for
i, vel0,1]and utov <1,

In this way the token at place l;; forms the fi-
nal estimation of noise reduction on the basis of
the previous and the last calculated algorithm.

CONCLUSIONS

Efficient algorithms are applied for noise fil-
tering through Matlab partial filtering of noise
from speech signals. Tools for visualization of
the signals in different stages of the obtained
results are used.
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ABSTRACT

The paper presents a methodology for analytical and experimental calculation of the moment of in-
ertia of Oberbeck’s pendulum. The results achieved are quite close, which is a testament of the high
level of precision of the work. Using Oberbeck’s pendulum one can calculate the demonstrated mo-
mentums of mechanisms as well as the friction losses in them.

Key words: mechanics of a solid body, momentum, torque, forces of resistance and friction, me-

chanical energy
INTRODUCTION

Oberbeck’s pendulum [1], shown in Fig. 1,
consists of weight m (indicated by 1), moving in
a vertical plane under the action of weight G and
the tensile force T by the thread (indicated by 2),
thereby driven in rotation around a fixed axis -
the spool (indicated by 3). The spool is an as-
sembled unit that is composed of the hub (Fig. 2)
on which four identical rods are fastened sym-
metrically by means of a threaded joint (Fig. 3
b), on which four identical masses m, are at-
tached on random places at uniform distances
from the center by locking screws (Fig. 3 a). On
the hub two channels are cut, respectively having
diameters of 50 and 100 mm, in which an un-
stretchable thread is wound.

Upon releasing the body of mass m from
height /; with zero initial speed and stopping it
after one pseudoperiod at height 4, with a final
speed of zero, the kinetic energy of forward
movement is zero. The change of the full me-
chanical energy AW equals only the change of its
potential energy AW,. The work is given by the
expression [3, 6]:

A =mg(h,— hy). (1)

Measuring heights /; and 4, and knowing the
mass of the weight and the radius of the channel
r in the hub, we can calculate the friction torque
in the support Mrp [1]:

_ mgr{h —hy)
hl +h2 +r .

2

Tp
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The angular acceleration € of the reel is ob-
tained by measuring the time #,, which it takes to
travel the distance #;:
24

tr

To determine the engine momentum M it is
necessary to know the force 7; of the tension of
the thread, which in [1] is the output of the ex-
pression:

€

)

I, =m g - 2 .
(i

For the dynamic study of different mecha-
nisms it is necessary to know their given moment
of inertia at their input shaft, which can be de-
termined by Oberbeck’s pendulum as it is
clamped to the input shaft. The pendulum, which
is actually an accumulator of mechanical energy,
will move the relevant mechanism and, by de-
termining the necessary power and kinematic
characteristics of the movement and through the
basic equation of dynamics, one can determine
the moment of inertia of the pendulum - mecha-
nism system. Then using the known moment of
inertia of the pendulum, one can define the mo-
ment of inertia of the mechanism.

The aim of the study is to present a method-
ology for determining the moment of inertia of
the pendulum, which can be done analytically, as
well as experimentally.

4)
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Fig. 1. Oberbeck’s pendulum.
RESEARCH METHODS

The moment of inertia of Oberbeck’s pendu-
lum is determined analytically. The construction
and the geometrical dimensions of the pendulum
are given in Fig. 2 and Fig. 3.

Fig. 2. Geometrical dimensions of the hub of
Oberbeck’s pendulum.
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Fig. 3. Geometrical dimensions of weight (a) and
rod (b) of the cross-shaped pendulum of
Oberbeck’s pendulum

To determine the moment of inertia of the
hub, it is split into elementary bodies (cylinder,
cone and ring), whose moments of inertia are
defined using formulas [2], shown in Table 1.
The symbols, used in the table are: y - weight per
unit volume; q - weight per unit length. For the
cross-shaped pendulum and the weights we use
Steiner's theorem [1, 2, 3].

For the experimental determination of the
moment of inertia of Oberbeck’s pendulum we
use formula (9) from paragraph 2.3, reference
[1]:
I:%:MI_MTPZFYI_MTP‘ )

€ € €

After substituting equations (2), (3) and (4) in
(5) and transforming we get:

. [r'm[g om J ~ mgr(h —hy )}

flz hl + hz +r
Formula (6) is used for experimentally defin-
ing the moment of inertia of Oberbeck’s pendu-
lum.

tlzr
.2h1'

(6)



Table 1. Moment of inertia of some homogenous bodies.

Figure

Mass moment of inertia

A

Round ring with a rectangular cross-section

= Y TRbA (4R2+b )

Standing circular cylinder

mrh
2

I =

X
g

Standing truncated circular cone

Y mh R’ =3

g 100 R—r

—

Section (standing circular cylinder): 1-—
length

1 (l+a) —a3]

q
3g

To calculate the moment of inertia for random
values of the distance R of the additional weights
my a regression model of second degree is de-
rived:

I=b+aR+aR*,

where: b, a — regression coefficients.
To assess the quality of the regression models

using the coefficient of determination R’, which

determines the degree of linear correlation be-
tween the regressors included in the model and

(7
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the predicted value of the output [4, 5]. The crite-
rion of Fisher is used to check the significance of

R’.[7, 8]

R*> (N, -k)
(1-r?) (k-1)°
where: k — number of estimated parameters in the
model; N1 — the size of the sample of experimen-
tal data.

The Fisher criterion has degrees of freedom
=k -1 and \%) :Nl—k.

F = ®)

Vi



If >F((x, V{,V, ):F;riz: the value of R* is
significant and can be used to determine the ade-
quacy of the model. The higher the calculated

value of R’ is, the more reliable the regression
model is.

RESULTS AND DISCUSSION
The moment of inertia values of the hub

(rings, cones and cylinder) and the cross-shaped
pendulum are calculated analytically by using the

formulas in Table 1. The geometrical dimensions
of the elements of the pendulum are given in Fig.
2 and Fig. 3.

The calculated moment of inertia values are
presented in Table 2.

The moment of inertia of the hub /,;, is a sum
of the moment of inertia values of the simple
bodies that build it (rings and cones), while the
cylinders are neglected due to their insignificant
contribution:
T1v=0,0096267+0,0000849=0,00971137 kg.m’,

Table 2. Geometrical dimensions and calculated moment of inertia values of the hub (rings, cones and
cylinder) and the cross-shaped pendulum.

HUB (RINGS)
h b R v Izl.ﬂ.(m%bz)
Ne [m] [m] [m] [N/ m’] g 2
[kg.m’]
1 0,008 0,020 0,030 0,00022627
2 0,006 0,042 0,068 0,00409145
3 0,006 0,037 0,063 0,00284240
4 0,003 0,042 0,068 73600 0,00204573
5 0,006 0,012 0,038 0,00019088
6 0,003 0,018 0,044 0,00022591
7 0,005 0,005 0,015 0,00000409
0,00962674
HUB (CONES)
5 5
“ n R , . _y R -
: [m] [m] [m] [N/ m’] g 10 R-r
[kg.m?]
1 0,003 0,025 0,022 73600 0,00001087
2 0,010 0,031 0,025 0,00007410
0,00008497
HUB (CYLINDER)
4
No h r Y g I = l mr_h
- [m] [m] [N/ m’] [m/s?] g 2
[kg.m’]
1 0,013 0,005 73600 9,81 0,00000010
CROSS-SHAPED PENDULUM (1 ROD)
No a / q g ]:i.[(l'l'd)?’ —Cl3]
: [m] [m] [N/ m] [m/ ] 3g
[kg.m’]
1 0,025 0,200 2,22 9,81 0,000858053

The moment of inertia of the cross-shaped
pendulum /. is a sum of the moment of inertia
values of the four rods:

I=4. Ioq = 4.0,000858053=0.003432212, kg.m’,
where I,,q is the moment of inertia of one rod.
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The moment of inertia values of the weights
are for the minimal (» = 50 mm) or the maximal
(r =50 mm) radii:

Iy = 4.M.1* =4.0,075.0,05> = 0,00075 kg.m?,
Ivax =4.M.r* =4.0,075.0,20% = 0,012 kg.m”.



The moment of inertia / of the pendulum is
the sum of the moment of inertia values of the
elements that build it. The minimal and maximal
values are as follows:
min: /= 0,013893582 kg.m*;
max: /= 0,025143582 kg.m”.

¥ = 0.0395502 - 0.006043x + 0.010008
R? = 0994346

0.07 0.09 0.11 0.13 0.15 0.17 0.19

Distance, R, m

Fig. 4. Relation between the moment of inertia /
and the distance R.

When conducting the experiment, the follow-
ing input data are used: m = 0,1 kg; » = 0,025 m;
hi = 1,1 m; h, = 0,745 m and ¢, = 6.4 s. After
substituting in formula (6) we calculate a value
of 0,009774 kg.mz. If this value is compared to
the analytically estimated one we can determine
that there is a relative error of 0.6 %, which
shows the high level of precision of the work.

The moment of inertia for random values of
the distance R is calculated by using a second
degree regression model.

Fig. 4 illustrates the relation between the
moment of inertia / and the distance R. The qual-
ity of the models is determined by using the de-
termination coefficient and the calculated value
of the F-criterion (165.2514) for testing its sig-
nificance. The critical value of the F-criterion is
2.37. The calculated value of F is significantly
higher which shows that the values of R’ are
significant and their proximity to 1 is an indica-
tor for the good quality of the determined mod-
els.

CONCLUSIONS

1. The moment of inertia values of the hub
(rings, cones and cylinder) and the cross-shaped
pendulum of Oberbeck’s pendulum are calcu-
lated analytically. The moment of inertia values
is calculated analytically and experimentally.
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2. If the values calculated using the two
methods are compared, we can determine a rela-
tive error of 0.6 %, which shows the high level of
precision of the work.

3. The moment of inertia for random values
of the distance R is calculated by using a second
degree regression model.

4. The quality of the models is estimated by
using the coefficient of determination and the
calculated value of the F-criterion (165.2514) for
testing of its significance. The critical value of
the F-criterion is 2.37. The calculated value is
significantly higher, which means that the values
of R’ are significant and their proximity to 1 is an
indicator for the good quality of the determined
models.

5. Oberbeck’s pendulum can be used to de-
termine the moments of inertia of mechanisms as
well as the friction losses in them.
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ON THE FLUID DYNAMIC GENERATED BY 4-INCLINED-BLADE MODIFIED
MIXING IMPELLERS IN STIRRED REACTORS
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ABSTRACT

The flow patterns generated by inclined-blade mixing impellers with modified shapes have been
studied. The research focuses on specific alterations including leading edge wings. The geometry
modifications are as follows: a general type of a trapezium-shaped blade TB, a four-blade shielded
version of TB, indicated as STB, and a conventional inclined blade impeller with a 45° pitch blade
PBT. CFD (Computational fluid dynamic) method has been used to solve the equations of fluid mo-
tion. The relation between the impeller shape and the flow patterns has been discussed. The observed
effects are explained by reduced zones of extremely low backpressure and decreased separation flow
at the blades suction sides that lead to reduced rotational flow and increased circulation.

Key words: mixing, inclined-blade impeller, CFD

INTRODUCTION

Stirred vessels are used extensively in the
processing industry to perform chemical reac-
tions, produce pharmaceuticals and food, or cul-
tivate microorganisms. Most of these processes
require advanced mixing technology and en-
hanced operational parameters. High mixing and
aeration rates are major requirements. Mixing
time and gas-liquid mass transfer coefficient are
the corresponding performance parameters. They
depend on the relative distribution of turbulent
dispersion and convection and, thus, on the ratio
between shear and flow. Because impeller shear
and flow are characteristic for its geometry, a
vast combination of design components could be
tested to improve a stirred reactor performance.
Within the framework of the generally wide
scope of mixing devices, of specific interest for
gas-liquid application are the components of an
inclined-blade turbine. Only recently, Kumaresan
and Joshi [1] studied the flow patterns and mix-
ing relationships for nine versions of inclined
blade impellers mainly in the downflow mode of
operation, the discussion being focused on impel-
ler with six blades. Design components have
been blade angle, blade width and tip chord angle
or twist. Earlier papers [2-4] also emphasized on
six blade versions of the PBT and downflow
mode. In spite of its high performance in gas-
liquid dispersion [5], the upflow mode has been
scarcely measured or discussed. On the other
hand, some new design components of the in-
clined blade impeller, such as blade wings have
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shown good preliminary results, but no further
information for their effect on the flow has been
given [6].

Complementary to the work above, this study
presents an analysis of the effect of two design
components that are believed to enhance stream-
lining and to improve convection, namely, blade
width variation and addition of blade slats. The
aim of the study was to examine the mixing and
aeration performance characteristics of these
design modifications, in view of contributing to
energy-saving. Some results on these components
represented by design with two blades have al-
ready been reported in the preliminary stage of
analysis [7].

EXPERIMENT

Designs considered

An analysis of the reported trends in the litera-
ture [1, 6-9] has put forward two design versions
in view of two expected achievements:

(1) Reducing the total contact area and the
contact angle expecting reduction of the
form drag and adverse pressure gradients
at the blade rear.

(2) Fitting a shield over the blade to form
slotted channel for axial flow acceleration
intended to reduce the static pressure
leading to back-blade flow separation.



Thus, in parallel to the classical (45°) pitched
blade impeller PBT, a general type of a trape-
zium-shaped blade TB, and a shielded version of
TB, indicated as STB, were examined. Fig. 1
represents the schematics of the separate design.

f
5

"

Fig. 1. Impeller schematics

The physical model setup included a stirred
vessel with diameter 7 = 0.4m with a single im-
peller sized D = T/3 located centrally. The stirred
liquid bed height was H = T. The blade width w
was 16, 14 and 10 mm of PBT, TB and STB,
respectively. The blade angle o was 45° related to
PBT and was reduced to 20° for TB and STB.
Blade length L was 55mm related to PBT and
50mm for the TB and STB. Correspondingly, the
projected area of PBT at 1.12x10°m’ was re-
duced to 0.73x10”°m’.

Method employed

The following procedures were accomplished:
(1) Numerical experiment based on the standard
Reynolds-Averaged Navier-Stokes equations
(RANS model) and Multiple Reference Frames
technique (MRF) [10] to determine the velocity
field, pressure contours and power numbers of
the stirrers; (2) Laboratory experiment to test the
validity of the predicted power numbers as well
as to determine global macro-parameters (mixing
time 6,, and gas-liquid mass transfer coefficient
ki a) for the three impellers.

Numerical simulation
The commercial software tool Fluent [11] was
employed involving in particular computational
based on a 800 000 cells mesh (mixed mode with
grid refinement): the MRF technique was as-
sumed to be appropriate for the objectives of the
comparative approach proposed; the realizable k-
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& turbulence model at convergence level 10 was
performed; The discrete interval has been body
forced weighed for the pressure and second order
upwind for the momentum, turbulent kinetic en-
ergy and dissipation of turbulence. The average
number of iterations ending in convergence was
4000.

The pressure upon the blade surface was rep-
resented by the pressure coefficient C, computed
with reference to zero pressure at the blade sur-
face using the equation:

__Ap
0,5pV?

(M

p

The power number P, was determined by the
torque M:

_ 271NM

=2 2
D @)

0

The model employed has been tested for va-
lidity in numerous studies. However, in order to
avoid inaccuracies originating from the specific
mesh and mode of application, the macro-
parameters, determined by the models, were
compared with values derived from the labora-
tory. Thus, a good predictability of the experi-
mental estimates has been ensured. For example,
the numerical values obtained for the power
number coincided with the values, published for
four inclined-blade impellers in the literature [6].

Measurement techniques

Power. Apart from the modelling, the power
requirements of various designs have been de-
termined experimentally. A measurement system
comprising a sensor for torque and telemetric
control (Electroinvent®), was employed. The
system was tested by comparing its output with
other reference sets reported in [12].

Mixing time. It was determined by conduction
metering unit using tracers [13]. The time 6,, was
marked by tracer (HCI) injection till 95% equilib-
rium concentration was monitored. The probe
was positioned at 1/3 away from bottom distance
and close to the wall. The tracer was introduced
under the liquid surface in the middle of the ves-
sel radial dimension.

Mass transfer coefficient (kya). The mass
transfer was studied by aeration in liquid using



the equipment shown in Fig. 2. The dynamic
measurement technique with single dissolved
oxygen probe has been used [14, 15]. Initially,
the liquid was purged with gaseous CO, to
achieve oxygen-free bed. Further, using control
valves, air was pumped in a stepwise manner.
The dynamic response of the liquid phase was
evaluated by assuming complete mixing for both
phases, i.e. based on the MM (mixed-mixed two-
phase flow) model [16]:

_M

“R._R, )

R

Where R is the probe response at saturation
(Ry), at t =0 (Ry) and at time ¢ (R;). Thus, the ki a
value was determined based on the slope of the
linear function In(1-Dg) versus t. The probe (In-
20ld®) dynamic response and constants has been
considered [14].

Fig. 2. Experimental set-up: oxygen probe (1),
O, meter (2), mixing reactor (3), impeller (4),
mixing controller (5), gas inlets (6).

RESULTS AND DISCUSSIONS

Being an important estimate for present-day
energy-saving trends, the impeller power re-
quirements were analyzed first. At this stage, the
validity of the simulation technique was also
tested. The results are shown in Fig. 3. In the
range of Reynolds number exceeding 8x10%,
power number P, is expectedly constant both as
predicted (solid lines) and as determined in the
lab (the symbols). Compared to PBT (P, = 1.4),
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Py of TB and STB is significantly lower, e.g. 0.2
and 0.3 respectively. Consequently, the result
classifies both modifications as low shear de-
signs.

Power number vs. Reynolds number

16
14
12 ——PET(CFD)
1 ——STB(CFD)
F, 038 ——TB(CrD)
0.6 B STB(lab)
04 B 18 (lab)
B
P — " 5
0
80000 100000 120000 140000 160000 130000

Re

Fig. 3. Impeller power numbers vs. Reynolds
number: measurements and simulated (CFD)
values.

Taking into account the good coincidence of
the P, values predicted by CFD method and those
measured, one could realize the validity of the
turbulence model and computational grid genera-
tion technique employed.

Secondly, the impeller flow patterns were
analyzed. The velocity contours relevant to the
vertical plan are illustrated in Fig. 4.

Fig. 4. Velocity contour showing accelerated
flow by STB

Assuming PBT to represent the basic design,
the two inclined-blade modifications TB (left)
and STB (right), respectively, showed flow field
improvements. Referring to the 45° inclined
blades, the flow patterns caused by TB are radial
and axial, while STB generates a strong axial
flow only. One could conclude that the leading-
edge wing at STB imposes additional flow circu-



lation that shift the flow to enhanced axial circu-
lation patterns. Presumable, this is due to the
channel, formed between the wing slat and the
flat blade-base. Over the main flat blade, the fluid
flow obtains a high momentum as a result of the
liquid acceleration through the rectangular tunnel
formed between the slat and the blade. This also
decreases the tendency of the flow to separate, so
that higher liquid discharge coefficients were
possible.

The later possibility was examined by genera-
tion of pressure drop contours along the impeller
blade surface, as illustrated in Fig. 5. The contour
plots of the pressure fields in the blade vicinity
on the blade suction side are represented by the
distribution of the pressure coefficient.

-0.2

PBT
-0.4

-0.6

I-O_8

Fig. 5. Typical pressure distribution indicated
as pressure coefficients over the blades’ suction
side (N = 557)

As it seen from the figure, the conventional
inclined blade PBT shows a wide middle area at
C, ~—0.6, the same area for TB and STB exhibit-
ing C, ~—0.4, i.e. lower pressure drop across the
blade rear. Similar decreases with regard to the
area of higher C, or increases of lower C, could
be identified in the outer parts of design modifi-
cations TB and STB compared to the basic im-
peller PBT. Consequently, a more uniform distri-
bution of the local fluid velocity could be as-
signed to these impeller designs. Thus, the pres-
sure losses would be decreased.

It is known that the blending processes are the
result of distribution of turbulent kinetic energy.
It occurs due to convection and turbulent dissipa-
tion. A recent study by Patwardhan et al. [18]
showed that impeller efficiency increases when
increasing the convection component. Fig. 4 con-
firms a larger mean axial flow component for
STB and TB compared to the standard PBT con-
ditions.
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On the other hand, Fig. 3 confirms a lower
pressure drag by the low power number which is
evidenced also by the pressure distribution (Fig.
5). Thus, a higher efficiency for TB and STB
designs could be expected.

Mixing time

+ PBT
u STB
B

o4 0,6 0.8 1

P/ Wim® |
Fig. 6. Relationships of mixing time vs. im-
peller specific input power.

Mass transfer coefficient

o 0,2 04 06 o8 1

P/ V, Widm?

Fig. 7. Relationships of ki a vs. impeller spe-
cific input power.

In order to check the performance efficiency
of the designs under consideration, the global
parameters mixing time 6, and gas-liquid mass
transfer coefficient ki a were determined and
compared versus impeller specific input power
P/V (in kilowatts per cubic meter liquid). Fig. 6
and 7 represent the results.

Being comparable merely in the input power
range of 100-300 kW/m® because of the very low
power number of the impellers of modified de-
signs, yet comparison is possible and one can see
lower values for 6,, in case STB and higher val-
ues for kia in the cases of designs Tb and STB
which conforms to the indicated turbulent flow
regime. The one of larger convection (mean



flow) components is accompanied by lower shear
and pressure drag components of turbulent en-
ergy dissipation. As it seen in Figs. 6 and 7, these
conditions for TB flows could be accepted par-
tially.

CONCLUSIONS

Flow field differences in stirred tank reactors,
imposed by small changes of inclined-blade im-
pellers designs with variable blade width and
blade angle as well as with blade wing slats have
been revealed. The flow filed, the power drawn,
as well as the axial up-flow and pressure contours
of two modified inclined-blade impellers are
identified and compared. Evidence for enhanced
performance of the shielded wing blades in four-
blade impellers is found: As it was tested by
four-blade versions at similar input power, the
shielded blade impeller show up to 60% higher
axial flow potential and higher blending and gas-
liquid mass transfer capacity, compared to the
conventional inclined-blade design. The im-
proved performance of such a device is explained
by generation of high-kinetic energy convective
accelerated flow in the channel space formed
between the blade and the wing.

SYMBOLS

pressure coefficient, Eqn. (1);
impeller diameter, m;

liquid height, m;

gas-liquid mass transfer coefficient, 1/s;
blade length, m;

impeller speed, 1/s, rpm;
input power, W;

power number, Eqn. (2);
probe response;

tank diameter, m;

liquid volume, m’;

blade width, m.

T o0

bl

La

gwﬂ:o;o“th

Greek symbols

angle of attack, deg;
velocity, m/s;

tip velocity, zZND, m/s;
dynamic viscosity, Pa.s;
density, kg.m”.

DR << Q

41

REFERENCES

. Kumaresan T, J.B. Joshi, Chem. Eng. J., 115,
(2006), p.173.
Fishwick, R.P., J.M. Winterbottom, D.J.
Parker, X. Fan, E. Hugh Stitt, Ind. Eng. Chem.
Res., 44, (2005), p. 6371
. Fujasova, M., V. Linek, T. Moucha, E.
Prokopova, Sep. Purif. Technol., 39, (2004),
p. 123
. Aubin, J., N. Sauze, J. Bertrand, D. Flecher,
C. Xuereb, Exp. Thermal Fluid Sci., 28,
(2004), p. 447
. Kresta, S., et al, Advances in Industrial Mix-
ing, Wiley, New Jersey, 2015
Abbaszadeh, A., B. Ghobadian, G. Najafi, A.
Motevali, Adv. Enviro. Biol., 8 (1), (2014), p.
325
Georgiev, D., S. Vlaev, Biotechnol. & Bio-
technol. eq., 26 (4), (2012), p. 3182
Srivastava, S., A. Roy, K. Kumar, Procedia
Eng., 97, (2014), p. 2022
Liu, H., M. Xie, K. Li, D. Wang, Intern. J.
Heat and Fluid Flow, 32, (2011), p. 1058
10.Norouzi, H., R. Zarghami, R. Sotudeh-
Gharebagh, N. Mostoufi, Coupled CFD-DEM
Modelling, Wiley, New Jersey, 2016
11.ANSYS Fluent Inc., Fluent Documentation,
New Hampshire, 2016.
12.Csiszar, P., Post Mixing Optimizations,
www.postmixing.com, 2016
13.Pinelli, D., W. Bujalski, A. Nienov, F. Ma-
gelli, Chem. Eng. Technol., 24, (2001), p. 919
14.Vlaev, S., M. Valeva, J. Biotechnol., 11,
(1989), p. 83
15.Martinov, M., S. Vlaev, Chem. Biochem. Eng.
0., 16, (2002), p.1
16.Nokentini, M., Trans. Inst. Chem. Eng., 68A,
(1990), p. 287
17.Foit, 1., P. Seichter, L. Pesl, F. Rieger, T. Ji-
rout, Chem. Process Eng., 34 (4), (2013), p.
427
18.Patwardhan, A., A. Pandit, J. Joshi, Chem.
Eng. Sci., 58, (2003), p. 2951

This study has been supported by contract
Ne HUX —360/2016


https://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&text=Rahmat+Sotudeh-Gharebagh&search-alias=books&field-author=Rahmat+Sotudeh-Gharebagh&sort=relevancerank
https://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&text=Rahmat+Sotudeh-Gharebagh&search-alias=books&field-author=Rahmat+Sotudeh-Gharebagh&sort=relevancerank
http://www.postmixing.com/

TOJMIIHHAK HA YHUBEPCUTET
LIIPO®. I-P ACEH 3JIATAPOB” —
BYPT'AC, 2016, T. XLV (1)

ANNUAL ASSEN ZLATAROV
UNIVERSITY, BURGAS,
BULGARIA, 2016, v. XLV (1)

HN3IIOJI3BAHE HA CTPYKTYPHO-BJIOKOB MO/IEJI 3A PABKPUBAHE HA
MEXAYIIPEJMETHUTE BPB3KU [P OBYYEHUETO B
TEXHUYECKHUTE CHEHUAJTHOCTH

Marpanena [dronrepoBa

STRUCTURAL BLOCK MODEL AS IDENTIFICATION OF
INTERDISCIPLINARY TECHNICAL EDUCATION

Magdalena Dyulgerova
E-mail: mdyulgerova@abv.bg

ABSTRACT

The structural block model is proposed as an indicator of the interdisciplinary connections be-
tween disciplines studied by technical subject. The model is built using two guiding principles in edu-
cation: those of its scientific and its systematic character. The model makes it possible to establish
logical relationships in the study of the different of the syllabus.
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BBBEJEHUE

BypHOTO pa3BuTHE Ha TEXHOJIOTUWUTE W TEX-
HUKaTa B CHBPEMEHHHS CBST ITOCTABAT BUCOKH
U3HUCKBAaHUA KbM O6yquI/IeTO B TCXHUYCCKUTC
crernuamHocTd. He3aBuCUMO OT IIUPOKUS KPBT
Ha CBIIECTBYBAIUTE TPYMU TEXHOJOTHH U TEX-
HUKa, KOSATO CIYXH 32 TAXHOTO pealn3HhpaHe,
00y4YEeHHUETO ce Tpajy Ha OOIIONPUETH OCHOBHHU
TIPHUHITUTIN.

OO0IMOIUIAKTHICCKUTE TIPUHITAITA ¢4 B OCHO-
BaTa Ha U3Yy4YaBaHCTO HAa BCUYKH JUCHUIIJIMHU U
peryyiupar opraHu3alliOHHUTE OCHOBH Ha y4eO-
HUS TIPOIIEC.

Ot nurepaTyparta € U3BECTHO, Y€ B 00yUCHH-
€TO B 00JIaCTTa HA Pa3IUYHU HAYKU CE MpUiIarat
MPUHIUTUTE, (HOPMYITUPAHU OT OCHOBATENsI Ha
HayuHara muaaktuka SIa Komencku. Te ca 06ekT
Ha MHOFO6pOI71HH H3CJICABaHUs, KOUTO MOrar Jga
ObaT 00OOIICHN B HACOKA 32 YCTAHOBSIBAaHE Ha
MPUIIOKUMOCTTA UM B OOYUYCHHETO B TEXHHYEC-
KuTe cnenuaniocty [1 - 7].

[Ipu m3rpaknaHe Ha oOpa3oBaTeNIHATA TOJH-
THKa B TEXHUYECKUTE CIIEUAITHOCTU C€ IpHIIa-
rar BCHMYKHM NPHIUNN Ha Hay4yHaTa IUIAKTHKA,
HO IpHA Pa3sKpUBAHETO Ha MEXKIYNPEIMETHUTE
BPB3KH MHOTO SICHO MOTaT Ja Ce€ OTKpOST JBa
MPHUHIMTIA B 00YYEHNETO — MPUHIUIBT 32 Hayd-
HOCT U IPUHIUITBT 3a CUCTCMATUYHOCT.

[IpuHIMITBT, KOWTO TPsIOBa J1a € OCHOBOMOJA-
raim npu o0y4eHHEeTO B TEXHHUYECKUTE HAYKH, €
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npunyunvm 3a nayyrnocm. Criopen Hero B o0Opa-
30BaTEJTHUTE MPOTPAMH Ce 3ajarat JOCTH)KCHHSI-
Ta KbM MOMEHTa B CbOTBETHATA O0JIACT Ha HayY-
HOTOo mo3HaHue. Ha oOyyaemute ce mpenonasat
JOCTOBEPHH, HAy4YHO 00OCHOBAaHU (aKTH OT IIO-
BEJICHUETO Ha PeanHu OO0CKTH, IPOLECH U SIBJIE-
Hus. Llen Ha oOyueHuero e pa3OupaHeTo Ha
CBIIHOCTTA HAa HAYyYHO OOOCHOBaHU 3aKOHH, Chb3-
JABaHETO Ha HAyYHH OTKPUTHS, 3aII03HABAHETO C
BB3MOKHOCTHTE 3a JJOKa3BaHE Ha HAyYHUTE XH-
[I0TEe3H, IPUWIOKEHUETO Ha HAyKaTa B ChbBPEMEH-
HUSI CBAIT HA TEXHOJIOTHHUTE M TEXHUKATA.

[TpuHIMITBT HAa HAYYHOCT B 00OYyUEHHETO € Ha-
COYCH KbM (popMHUpaHe Ha IO3HABATEIHU HHTE-
pecu B oOyuaBaluTe c€, KbM pPa3KpHUBaHE Ha
CBbBPEMEHHHUTE METOAW Ha HM3cielBaHEe Ha OKOJ-
HUSI CBST, KbM H3IPaXIaHE Ha CHUCTEMAaTH4EH
MIOJXO/A 33 aHAJU3 M CHHTE3 Ha IPOLECUTEe H
obekrure.

Ipunyunvm Ha cucmemamuyHocm u Hocje-
dosamenrocm ce baszupa Ha ¢paxkma, e MO3HA-
HHETO 3a OKOJIHATA IEHCTBUTEITHOCT € BE3MOKHO
caMo B ompeneneHa cucreMa. BbB Besika crenu-
anHocT ce ¢opMUpa cUcTeMa OT 3HaHHUSA, 00eIH-
HEHU OT BBTPEIIHU BpPb3KH. [IpuHIUMNBT npex-
rojara ToCJIEIOBaTeIHO, C OTYUTAHE Ha JIOTHKa-
Ta Ha KOHKpETHaTa HaykKa M HMBOTO Ha oOydae-
MHUTE, Pa3KpUBaHE HA ChABPKAHUETO HA 3HAHMS-
Ta B yueOHHTE IUIAaHOBE U NPOrpaMu, B yueOHH-
ouTe, yaeOHuTe nocodust u ap. Jumaktuueckara
CBIIHOCT Ha TO3M NPUHIIMII BOIY 0 CIIa3BaHE Ha
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NopsIbKa Ha CUCTEMATHYHOCTTA M Ha MOPSIbKa
B OKOJIHHS CBST, KOUTO ca OOYCIIOBEHH OT cama-
Ta npupona. Besko HUBO Ha 3HAHUATA TPSAOBa Aa
¢ (hopMyIHpaHO Taka, ye Aa ce SBU Karto GyHIa-
MEHT Ha e(EKTUBHOCTTA 3a YCBOSBAHETO Ha
CIEeABAIINATE HUBA OT 3HAHUETO.

[IpyHIUIBT HA CUCTEMATHYHOCT M TOCIEIO-
BaTEIIHOCT HAMHPA U3PAKEHUE IIPH H3TPakIaHe-
TO HaA Me)KZ[YHpeZ[MeTHI/ITe Bp'I)3KI/I.

[onx TepMuHA ,,MEKIYIIPSIMETHH BPB3KU ce
pa3bupa cucteMa OT OTHOILICHUS MEXy 3HAHUS-
T4, YMCHHUATA U HaBUIIUTE, POPMHUPAHHU B Pe3yJl-
TaT Ha IMOCJIEAOBATEIIHO OTPAKEHUE B CPEIICTBA-
Ta, METOJUTE U ChIBPKAHUETO HA M3YUaBAHUTE
MUCITUTUINHYN Ha 0Oazara Ha OOCKTUBHU BPBH3KH,
KOUTO C'I)H_[eCTBYBaT B peaJIHI/IH CBAT. B IlII/IpOK
CMUCBHI TEPMHUHBT ,,MEKIYNPEAMETHH BPBH3KH
€ IEeJarOTMYeCKUSIT €KBHUBAJIEHT Ha IUAJCKTH-
YECKUTE BPB3KH, PEaTH3UpPaHU B y4eOHHS Mpo-
uec [2, 4].

HN3J0KEHUE

YCcTaHOBSBaHETO HA  MEXIYIPEIMETHHUTE
BPB3KH MOXKE 1a OBJe pas3riieaHo B MHOTO ac-
nektd. B muTepatypara € mokasaHo, 4e Te MoraT
Jia ce 0000IIAT B TPY OCHOBHU U3MEPCHUS:

- ¢uocohckn acrekT, ¢ KOUTO ce OChIIeCT-
BsIBa MPHUHIMITBT HAa CHCTEMATHYHOCT W TOCTIe-
JIOBaTETHOCT W C€ OTpa3sBa JUAICKTHKAaTa Ha
OKOJIHATA JCHCTBUTEIIHOCT;

- TeJAarornyecku acIeKT, OOXBalall Bb3IH-
TaHWETO KATO CH3HATEHO U IIEJIEHACOYEHO OCh-
IIECTBEH MPOIIEC;

- TICUXOJIOTUYECKH acCIeKT, JaBalll KOMILIEK-
ca OT MEXaHU3MHTE 3a ONTUMU3UPAHE HA TICUXH-
YECKHUTE MPOIECH Ha TIAaMETTa ¥ MUCJICHETO.

JnnakTH4eckoTo H3MEpeHne Ha ,,MeXIyT-
pEeIMETHUTE BPB3KU® OMPOCTEHO MOXE Jia ce
MPEJCTaBH KaTo CHUCTEMa OT TPH CIIEMEHTA: a)
3HAaHUS OT €IWH y4eOeH mpenMeT; 0) 3HaHUSA OT
JIIpyT y4eOeH TpenMeT; B) BpPB3Ka MEXKIy Te3d
3HAHUSA.

Usrpaxxnanero Ha Bph3KaTa MEKAY 3HAHHSATA
OUYEBHIHO Ha IBPBO MICTO TpsOBa Ja 3arovHe
ChC CIa3BaHETO Ha (HIOCO(CKHUS ACHEKT — CHC-
TEMATHYHOCT MW IOCIEIOBATEIHOCT, 3a KOETO
cUCTeMaTa OT TPH eJIeMEHTa TpsOBa Ja ce pasr-
Jeaa B KOHTEKCTa Ha €JIeMEHT OT CTPYKTypara,
CHCTOSINA CE OT BCHUKH NPEIMETH, U3yYaBaHH B
CHOTBETHATA CIEIHUATHOCT, U BPB3KUTE MEXKIY
TSX.

Ilpu pasrnexgaHe ydeOHWTE IUIAHOBE Ha
BHCHIM yuywiuina B bearapus, oOy4aBamm B 00-
JacT ,, TexHnuecku Hayku“ [8], € yCTaHOBEHO, ue

43

B Tsax 3a OKC ,,0akamaBep* OposT Ha H3ydaBa-
HUTE JUCITUIUIMHA Bapupa OT TopsapKa Ha 42 1o
50.

BposTt Ha BpB3KUTE MEXKITy T€3H JUCIHILINHH,
JIOPH 1 aKO CE HM3I0JI3Ba ONMPOCTCHOTO MUIAKTH-
YeCKO M3MepeHue, ¢ 3HaumteneH. ETo 3amo 3a
pa3KpuBaHE Ha MEXAYNPEAMETHUTE BPB3KU €
dbopMmyupaH TMMOAX0A, KOWTO € OCHOBaH Ha
MPUHITUIA HA CHCTEMAaTUIHOCT U IMOCIIE0BATEIN-
HOCT, KaTO C€ OTYUTAT M I[EJIUTE Ha O0YUCHUETO.

OO6pa3oBaTellHaTa MporpaMa B TCXHHYCCKHUTE
CIIEIMAJIHOCTH € ITOJYMHEHA Ha OCHOBHATA 1IEJI:

- ¢opMmupaHe Ha OOIIOKYJITYPHU KOMIICTCH-
iy (KOMIIETEHITUH 33 COITHAIIHO B3aUMOJICHCT-
BHE, CAMOOPTaHHM3AIUHUS U CAaMOYIIPaBJICHIE);

- (opMupane Ha OOIIONPOPECHOHAIHUA KOM-
METCHIINH;

- ¢opmupaHe Ha TMPOPECHOHATHN KOMIIETEH-
LHH.

Wsrpanen e cTpykTypeH Mojen Ha ydyeOeH
TUTaH, KOWTO C€ ChCTOM OT OJIOKOBE Y4eOHHU JTUC-
IIATUTAHA, OOSIMHEHH 10 JIOTHKATa Ha peau3u-
paHeTo Ha OCHOBHATA IIETI:

- 6710k 1 - ,,XyMaHUTapHU TUCIUILTAHE;

- 0ok 2 - ,MareMaTHYHH U €CTECTBEHOHA-
YYHU TACHUTUIIHA;

- 610K 3 - ,,O0UIOMHKXCHEPHH TUCIIUILTHHU

- 0710k 4 - ,,Cnenuanu3upany AUCIUTUTHHA

- 6ok 5 - ,,Cneunanu3upaHd BapHaTHBHU
JUCHMITIAHU .

B crpykTypara e u3rpaieH oTaeneH MOIy 3a
qucuuiiuHara  ,,du3ndecko  BB3NUTAHHE W

CHOPT, KOATO 3aIBJDKUTEIHO C€ U3ydaBa BbB
BCUYKHU CIEIMATHOCTH IO XOpapuyM, pasmpe/ie-
JIeH B 6 Win 7 ceMecThpa.

MesxaynpeIMEeTHUTE BPh3KH B TO3H MOAYJI ca
aKTyaJlHH, HO ca Creu(UYHU 3a JIpyra obiact
Ha HayKaTa.

OOy4ueHreTo 3aBBpIIBa C AbPKABEH HU3IIHT,
Karo C€ ChCTaBs BBIPOCHUK, KONTO OCHOBHO
o0XBallla TeMU OT TUCIMILUIMHUTE, U3yYaBaHU B
0110k 4 m OJ10K 5.

Ha ¢hue. 1 e mokazan n3rpaieHusIT CTPYKTYP-
HO-0JIOKOB MOJICJT Ha y4eOcH ILIaH.

Ot duryparta ce BWKaa, 9¢ € HAJTHUIE JIOTH-
gecka TOCIIEJOBATEeHOCT Ha peanu3upaHe Ha
0JIOKOBETE B 3aBUCHUMOCT OT ChIBPIKAIIUTE JTHC-
IMATUTAHA — ITBPBO C€ M3y4aBaT MUCIUTUIMHH OT
010K 2, TTocie 3 ¥ T.H. 3aAbDKATEITHUTE MOTYITH
ca TIOCTPOCHH CHIIACHO HOpMaTUBHATA ypenoa.

biiok 1 BkItOUBa TUCUMILUIMHHA, KOUTO CE U3Y-
gaBaT B HA4YaJlOTO Ha OOYYCHHETO, KOETO IaBa
BB3MOXKHOCT 3a H3IIOJI3BaHE Ha MPHIOOUTHTE
3HAHUA B ClIeABAIIUTE OJIOKOBE.

B O6mok 1 - ,XyMaHWUTapHU IUCIUILTUHU,
OOMKHOBEHO C€ W3TPaXIaT 3HAHWS W YMEHHS,



KOMTO MOTaT Aa ObJaT MpearocTaBKa 3a H3yda-
BaHETO Ha OCTaHAJIUTE IUCUUILUIMHU Harp.
»HYyXKI e3UK“, WK ca mpejyarand 3a (akynaTa-
TUBHO M3y4yaBaHE AWCLMIUIMHU, KOUTO MOrar Aa
JanaT BB3MOXKHOCT Ha oOydaeMusl fAa IOIy4H
MO3HAHMA, PA3IHYHU OT Te3H, KOUTO TPaTUIIH-

OHHO Ca BKIIIOYEHH B 00JacT ,,TeXHWYecKu Hay-
KK,

Berpeku ue Ha TpBHB mOIE] TO3H OJIOK HE
y4acTBa B CBCTaBEHHUTE ,,MEKIYIIPEIMETHH
BPB3KU, TPU aHAJIM3a HA KOHKPETHHU JTUCIUILIH-
HU MOXC JJa CC YCTAaHOBHU NCAArorudcCKusT ac-

IICKT Ha BPB3KUTE.

@ur. 1. CTpyKkTypHO-0JI0KOB MOJIEN Ha yueOeH IIaH

baok 1 XyManuTapun
JACIHILTHEN

PHINUCCRD BRINHTANAE W
CHOpT

N

baok 4

Baok 2 MaTeMaTHYHN
H ECTCCTBCHO-HAYHHH
AHCIATIHHA

Baok 3
OGmonHECHEPHH
OHCUHTIHHA

Crnennanmin PanH
JAHCHANIHHA

Bceku 6110k OT y4eOHU AUCITUTLIMHU MOXeE J1a
Ce TIPEJICTaBH KaTo Ipyma OT ABE YaCTH: OCHOBHA
4acT, KOSTO ce 0a3mpa Ha J0oOpHTE MPaKTUKU B
00y4YEeHHETO MO CHELUAIHOCTH OT CHOTBETHOTO
npodecroHaTHO HampaBjicHHE; N30HMpaeMa JacrT,
KOSTO € TIPOJWKTYBaHa OT oOpa3oBaTeiHarTa
MOJIUTHKA Ha Y HUBEPCUTETA.

BapuaruBHarta wact naBa BB3MOXKHOCT 3a
pasmupsBaHe W/WIHA 33a1bI00YaBaHe Ha 3HAHUA,
YMCHHA, HABULIU, OINIPEACICHNU OT ChbABPKAHHUCTO
Ha OCHOBHUTE AMCUUIUIMHU (MOJYJIH), KaTo T03-
BOJIIBA Ha OOydYaBamIuTe Ce Ja IMOJydaT KoMIle-
TEHIMM 3a YCIelHa npodecuoHanHa JIeHHOCT
W/UIU TMPOJbKaBaHe Ha OOpa30BaHUETO B Ma-
TUCTpaTypa.

CTpyKTYpHO-OJIOKOBUSIT MOZET TO03BOJIsIBa
SICHO /1a C€ BHIAT MEKAYNPEIAMETHUTE BPB3KH
o BpeMmeBu Kputepuil [2]. M3yuyaBaneTo Ha Ma-
Tepuayia ce 0asWpa Ha TPH BUIA BPB3KH, Oedu-
HUPpaHU CBIJIACHO CBOCTO pa3BUTUC BLB BPEMCTO
— MIPEIBAPUTEIHH, CHITHTCTBAIIN U MEPCIIEKTUB-
HU.

[MpakTuueckaTta peanusanusi Ha TE3W BPB3KU
CHoco0CTBa 3a CHCTEMaTH3alMsATa Ha 3HAHUITA,
M03BOJIIBA JIa CE€ W3IIOJI3BAT OMOPHU TOYKU OT
[M0-paHo W3Y4YaBaHUS MaTepral U 1a Ce Ch3AaaaT
OCHOBH 32 M3y4aBaHH MOCIECIBAIIY TUCIUTUINHH.

ToBa MoXe Ja ce Mpocienu Ype3 ChIbpiKa-
IIUTE C€ B ChOTBETHUS OJIOK TUCIIUITIIIHH.
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buaok 5
Cueuna i H3npanm
BAPHATHEHH
AHCUHILTHHE

brok 2 - ,,MareMaTuyHu U €CTECTBEHOHAYY-
HY JUCHUINIMHH, BKJIIOYBa ,MaTemaruka®,
LAHpopmaTtuka“, ,JOCHOBM Ha HWHXCHEPHOTO
npoektupane®, ,,Ouzuka®, ,,Marepuanso3zHaHue
U Jp., KOWUTO Ce M3ydyaBar Ipe3 IIbpBaTa TOIUHA.
Te ce 6asupar Ha 3HAHUSA OT CPEAHOTO 0Opazo-
BaHUE, HO IOJIaraT OCHOBU 3a pa3OupaHeTo Ha
JUCLMILIMHUTE B ONOK 3. Te3n MUCHUIUIMHM ce
BKJIFOYBAT B YUCOHHTE TJIAHOBE HAa BCHUYKH I103-
HATH TEXHUYECKH CIICLIMATHOCTH.

Enno ot cnabute Mecta B ChbBPEMEHHOTO 00-
pa3oBaHUE € BH3MOXKHOCTTA 32 JJOTMAaTHYHOCT Ha
MIPETIOIaBaHETO - BOACIIUAT MPEICTaBsS MaTepH-
aia, 0e3 Ja 0Tpa3siBa MEXAYNPEIMETHUTE BPb3-
ku. CTyIeHThT He TMoilydaBa WHGoOpMaIrus 3a
BPB3KUTE MEXIY AUCIUILIUHUTE - MPEABAPUTEI-
HU, CHITBTCTBAILM U NEPCIIEKTUBHU, HApyLIaBa ce
MEeJarOTMYECKUAT acleKT Ha IMo3HaHueTo. ToBa
MoXe ga ObJe M30erHaTo W pa3KpHBAHETO Ha
MEXIYTPEAMETHUTE BPB3KU JIa C€ OCHIIECTBH B
JUCHMININHATA ,,BBBE/IcHE B CIIEIIMAITHOCTTA™,
KOSITO 11a € eneMeHT oT 010k 2.biok 3 - ,,001r0-
WHXCHEPHH JTUCIHUILTAHU, BKJIIOYBA JAUCIIUILIN-
HU, KOUTO (popMupar oOII0-UHKCHEPHU KOMIIC-
TCHIUHU »Mexanuka®, ,,CbIpOTUBICHUE Ha
Marepuanure’’; ,,MamHau enemeHtu’, ,Ilpu-
noxeH codryep®, ,,ENEKTPOTEXHUKA U EIEKTPO-
HUKa“ U Ap. XapaKTepHO 3a TE€3U NUCLUILIIMHH,
ge ce 3aylaraT B OOYYEHHETO 10 TEXHHUUICCKUTE
CIICITHATTHOCTH Y HAC U B UYXKJIECTPAHHHU YHUBEP-



cutetu. Te ce n3yyaBar OOMKHOBEHO BHB BTOPH
KypCc W pa3liupsBarT 3HaHUATA, (HOPMUPAHU OT
KypcoBeTe B 0JIOK 2.

AKO ce pasriefa MOCIEAOBaTEIIHOCTTA Ha
MEXIypeAMETHUTE BPB3KH JOPH B OMPOCTEH
BUJ - JIMHEHHA CTPYKTypa Ha TUCLMILUIMHH OT
0sox 2 xbM OJOK 3, TOKa3aHa Ha ¢ue. 2, MOXKe
Jla ce BUAM SICHO, Y€ OBIAISBAHETO HA 3HAHUATA
ot aucuuruinauTe ,,Mapopmaruka®, ,,OcHOBH Ha
WH)XCHEPHOTO TMpoeKTUpane™, ,,Marepuano3Ha-
HUE € He caMO TPEIINOCTaBKa 3a MU3ydaBaHETO
Ha MaTepuaja B ITOCIeABAIINTEe HAyKH, HO pa3K-
pHUBa BB3MOXKHOCTH 3a M3MOJ3BaHE HA MPEIUMC-
TBaTa Ha HOBUTE MH(POPMAIIMOHHY TEXHOJIOTHH B
obydenwuero [1].

®dopMHUpaHETO HAa CTPYKTypa Ha yueOHUS
IUTaH B OJIOKOBE pa3KpuBa BBH3MOXKHOCTHTE 3a
MOOWIIHOCT Tpes;  oOy4aeMuTe. 3aJOKESHHST
NPUHIMI Ha CHUCTEMAaTUYHOCT HA MEXIYII-
peAMETHUTE BPB3KU MPH WU3y4YaBaHETO HA JHC-
IUIUTMHYU B OJIOK 2 1 070K 3 e scHO AeuHUpaH.
CrynenTtute ca WHOOPMHUPAHH U 3a JIPYTH BH3-
MOXKHOCTH - J]a MPOJBJIKAT O0YYCHHE B JIPYIrO
BUCIIEC YYWIHIIE, Aa MPOABIKAT B ONM3Ka TEX-
HUYECKa CIENHaTHOCT WIH Ja pealn3upaT dact
0T o0yueHHeTo mo mporpamMu Ha EBpomeiickus
cbio3 (Hamp. Epazmyc+).

Conporus-
JieHHe Ha
MaTepHaIHTe

MawuHHn
eJleMeHTH

Marematuka —» Mexanuka [—»

@ur. 2. JluHeliHa CTpyKTypa Ha MEXIy-
MIPEIMETHU BPB3KHU OT OJI0K 2 KbM 010K 3.

brnok 4 - ,,CneunanusupaHu JUCHUILUIMHU,
BKJIFOYBA JUCITUIUIMHH, XapaKTEepHH 3a TpodecH-
OHAJIHOTO HAIpaBJICHHE M 3a KOHKPETHATa CIie-
uuanHoctT. Karo mpumep morar na ce pasrienat
CIICIMAIHOCTH KaTo ,, [paHCrOpTHa TEXHUKA H
TexHojorun®, ,, TexHuKka 1 TEXHOJOTUU B TPaHC-
nopta“. B texnute yueOHHU muiaHOBe B 070K 4 ca
BKJIIOYCHU AUCLHMIUIMHH KaTo ,,J[BUTATENIN C BHT-
petrHo TopeHe*, ,, TpancmopTHa TexHuka®, ,,Exc-
IUI0ATAllMOHHU XapaKTEPUCTHKU Ha Macla |
ropuBa“ u ap. Te3u NUCUUIIMHU ca B IpPEKU
MEXIyIPEAMETHH BPB3KU C JUCHUIIMHUTE OT
6iokoBe 2 u 3. M3yuaBaHeTo Ha celHAIA3Hpa-
HUTE IOUCLUUIUIMHM € CBBP3aHO IJUAAKTHYECKU
ChC 3HaHUATA OT ,, Uy e3uk™ oT 070K 1.

BapuatuBHata yacT B y4eOHUS IUIaH BKITIOY-
Ba JUCIUILINHHA, KOUTO ca 00EIUHEHH B OJIOK 5 -
,,ClIelIMaTM3UpaHu BapUaTUBHU AUCLUILIUHU .

Te3n MUCIUTIIMHN OTroBapsAT Ha 00pa3oBa-
TeTHaTa TMOJWTHKA Ha YHHMBEPCUTETA 3a YNIOB-
JETBOPSBaHE HA W3MCKBAHHSTA HA TIOTPEOUTENH-
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Te Ha Kaapu. Hampumep B cnenmaiHocTTa ,, T ex-
HUKa ¥ TEXHOJIOTUH B TPaHCIIOpPTA“ € 3aJI0)KeHa
3a7aya 3a o0y4yeHue Ha KaJpH, KOUTO Jja OTroBa-
pAT Ha WKOHOMHYecKus npodun Ha FOromsrou-
HUS paifoH, KaTo ca B3€TH MPEABH] OCOOEHOCTH-
TEe Ha MKOHOMHUKaTa B padioHa Ha Tp. byprac —
OCHOBEH BB3€J B TPAHCIIOPTHATA CXeMa Ha CTpa-
Hata u EC, cumHO pa3BuTa NpPUCTaHUIIHA
JEHHOCT, M3IMOJI3BaHE HAa WHTErPHUpPAHH U HHTeE-
JIMTEHTHU TPAHCIOPTHH CHUCTEMH, CHCTEMa OT
CHOPBIKEHHS 32 TPAHCIOPT W CHhXpPaHEHUE Ha
He(QTO-TIPOAYKTH.

brnox 5 - ,Chnenmanusupanu BapHaTHBHU
TUCIUIIINHA ¢, 1aBa BH3MOXKHOCT 32 pa3IInpsBa-
HEe W/WIN 3aabI00YaBaHe HA 3HAHUSA, YMCEHUS,
HAaBHIIM M KOMIIETCHIIUH, ONIPEICICHH OT ChABP-
JKQHWETO HAa OCHOBHHUTE AWCIMIUIMHU (MOAYNN),
KaTo MO3BOJISIBA HA 00ydYaBaIIUTE C€ JIa TOoJIydar
YCIIOBUSL 3a ycHemHa mnpodecroHaaHa JeHHOCT
W/WIn TpoabiDKaBaHe Ha 00pa3oBaHMETO B Ma-
TUCTpaTypa

3AKVIIOYEHUE

OO0pa3oBaTelTHaTa MOJTUTHKA B TEXHUUECKHUTE
CICIMATHOCTH € HAacOouYeHa KbM H3rpaxKJaHe Ha
KOMIIETEHIIMY B 00JacTTa Ha TEXHHKATa U TEX-
HojoruuTe. [Ipu chCTaBsiHETO Ha y4yeOHUTE Iia-
HOBE 32 O0YYCHHE CE MPUJIAraT BCUYKU TPUHITH-
1 HA Hay4YHATa JUJIAKTUKA, HO MPHU pa3KpUBaHe-
TO Ha MEXIYNPEIMETHUTE BPB3KH BOJCIIN Ca
Ba HpI/IHHI/IHa B 06yquHeT0 — HpI/IHHI/IH'BT 3a
Hay‘IHOCT nu HpI/IHHI/IHT)T 34 CUCTCMATUYHOCT.

3a pa3kpuBaHE Ha MEXIYNPEIMETHUTE BPbH3-
KM € MPEeIIOXKeH CTPYKTYpHO-OJIOKOB MOJEI.
JucuunuenTe ca IpyNUpAaHH B II€T OCHOBHU
0JI0Ka, 32 KOUTO Ca MOKa3aHU MEXYIPEIMETHH-
Te BpPB3KU. MOJENBT JaBa BB3MOXKHOCT Jia Ce
YCTAHOBSAT JIOTHYECKUTE 3aBUCUMOCTH IIPH OBJIa-
JIIBAHETO HA TUCIUILIMHUTE KaTO Pa3BUTHE BHB
BpPEMETO — MPEBAPUTEIIHH, CHITBTCTRAIM H MEpP-
CIIEKTHBHH.

CTpyKTYpHO-0JIOKOBUAT MOJIE] MOKa3Ba Bb3-
MOKHOCTUTE 3a pealn3upaHe Ha MOOWIHOCTTA
HA CTYJICHTUTE OT TEXHUYCCKUTE CIICIIHATHOCTH.

MoaensT maBa BE3MOKHOCT 3a 3aMEHSHE Ha
JUCHHUILTMHA OT YYeOHUS TUIaH C JIPYTH, aKo Ce
HaJlara OT MPOMsHATa Ha Masapa Ha TPyJa, KaTo
Cce 3amasd CHCTEMaTHMYHOCTTAa Ha MEXIYII-
peI[MeTHI/ITe Bp’[)3KI/I.
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MN3CJIIEABAHE U OIITUMU3UPAHE HA HAIIPEXKEHUATA B PAIUAJIHO-
AKCHUAJIHUSA JIATEPEH BB3EJI HA TYPBUHA, PABOTEIIIA C ®PEOH

[Honuna MunymieBa

RESEARCH AND OPTIMIZATION OF TENSIONS IN THE RADIAL AND AXIAL
BEARING UNIT OF FREON TURBINES

Polina Milusheva
E-mail: pmilusheva@abv.bg

ABSTRACT

The paper presents a suggestion of how to design and construct a radial and axial bearing unit of a
turbine generator working with Freon. It is typical for the bearings working in such conditions to op-
erate at a high temperature gradient and variable dynamic loads and hence there are strict require-
ments for accuracy and distortion for the system-shaft bearings.

A simulation study of the system configuration of the shaft-radial/axial bearing unit has been con-
ducted to provide numerical data. The results have been analyzed and a design of the bearing unit

suitable for use in these conditions is proposed.
Key words: bearing knot, turbines

BBBEJIEHUE

[Ipu pazpaboTBane Ha MapHU TypOWHH, pabo-
Telu ¢ GppeoH, € HeoOXOAUMO Aa ce CHONI0aBa
BHUCOKa XEPMETHYHOCT Ha ChbopbkeHHATa. [Ipu
pabotau Hamsranwms a0 2,0 MPa u cpeman Tem-
neparypu 10 100 °C [1, 2], B KOHCTpyKIHATa Ha
TypOuHaTa ce M3MON3BAT U3HECEHU BajoOBE M T
Ce CBBP3Ba C ENEKTPHUECKHUS TeHEPATOP Upe3 Ch-
eauanTeN. HO mpm mo-BUCOKHM paOOTHH Hasra-
HUsI CHIICCTBYBAIIMTE YIUITBTHUTEIHU BB3IH [3,
6, 9] He TapaHTHpAT HaJIeKTHA paboTa OT TIIeHA
TOYKAa Ha XEPMETHYHOCTTa. ToBa Hajara Ja ce
U3-TI0JI3BAT KOHCTPYKILUH, IPH KOUTO TypOWHAaTa
U eJEeKTPHUUYECKHAT TeHepaTop ce MOHTHpaT B
o6y kopryc (¢ur. 1). Ilo To3m HaumH ce
OCUTYpsIBa BHCOKAa XEPMETUYHOCT HA ChOPb-
JKCHHETO, HO BB3HUKBAT HSIKOM NpoOiIeMH c
KOH(UTYpalusiTa Ha OTJICITHUTE BH3IIH.

Hpyra ocobeHocT Ha TypOuHaTa, padoTema ¢
TOIIOHOCHUTEN Ha 0Oa3ara Ha (peoHHTE, €, Ye 1o
IBIDKMHA HA CHOPBKEHHETO CE YCTAaHOBSBA TO-
JIM TeMIlepatypeH TpaameHT. To3n Temmepa-
TYypeH TpagueHT ce o0yciaBs OT cnenupukara
Ha pa3lIMPEHHETO HA TOIUIOHOCUTENS B TypOH-
HaTa U OT CTpaHaTa Ha TypOWHHaTa 4acT paboT-
HUTE TeMIIepaTypu Morar jia Jocturdar g0 180 —
200 °C, a 3ax resepaTopHaTa 4acT TemIepary-
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pata 5a majia 0 MUHYCOBH TEMIIEpaTypH, TOCTH-
ramu g0 -30 — -40 °C [3].

3amagaTta Ha HacTosMIaTa pa3paboTka ¢ Ja ce
u3cienBa paborata W Ja C€ ONTHUMH3UpPA KOH-
CTPYKIIMSATA HAa AKCHUAIHUS JIarepeH Bh3el Ha
nmapHa TypOmHa, pabotema Ha (GppeoH C MOHTH-
PaH eJIEKTPUUYECKU TeHEPaTOp BTPE B KOHCTPYK-
usATa Ha TypOuHAaTa.

O®OPMYJIMPAHE HA TTPOBJIEMA

[Ipu crangapTHa KOHCTPYKIHS HA MMapHa Typ-
OmHa W TpW 3a7aJeHN HaYadHU MapaMeTph Ha
TOTJTOHOCHUTENIS U YCIIOBUS Ha paboTa KaTo: TeM-
neparypa, HajsraHe, o0OpOTH, JIbJDKUHA HA Ba-
Ja, TPeaBaHO HATOBapBaHE W Jp., JIATEPHUTE
BB3II C€ KOHCTPYHUPAT U Opa3MepsBaT M0 yTBBP-
JIEHU U JJOKa3aJu C€ B MPAaKTUKAaTa METOIUKHU [4,
5, 8].

Te3n Meromukn HE maBaT HOOpH pe3yiTaTH
npu pa3paboTBaHe Ha XEPMETHYHH TYpOHHH, pa-
OoTemy ¢ ppeoH U ¢ BrpajiecH B KOPITyca EIeKT-
pudeckn TeHeparop. BcriemcTBue Ha yCIoXHS-
BaHE Ha KOHCTPYKIMATA Ha Bh3ena (dur. 2) Ko-
PEHHO ce MPOMEHST yCIOBHATa Ha paboTa B Typ-
OuHaTa — pabOTH C€ TP BUCOKU TEMIIEpaTypHHU
TPaJUeHTH 1 PU POMEHIMBH HATOBAPBAHMS.



®@ur. 2 KoHCTpYKIHS HA aKCHATTHUS JIarepeH
BB3ET

[Ipu cranmapTHa TypOMHA KOHCTPYKLUSTAa Ha
BB3eNla Ce ONpelest OCHOBHO OT Opos Ha Typ-
OMHHHTE CEKIIMU M KOHCTPYKIUTA Ha BaJa.

IIpu mapuu TypOMHHM, 32 KOUTO TYpOMHHHUTE
CEKIUH ¥ eNEKTPHIECKUAT TeHEePaTOp C& MOHTH-
par B obur kKopryc obaue, IbJDKMHATAa Ha Baja
3HAYUTEIIHO HAapacTBa M HEroBaTa KOHCTPYKIHS
ce ycnoxkHsaBa [3] BCIEACTBUE HA TOBA, Y€ Ha
HEero c€ MOHTHpPA U EJEKTPHUUYECKHs TeHepaTop;
TOBa BOAM JI0 MO-TOJIEMH M3HCKBAaHUS MPHU KOHC-
TpyUpaHe Ha JIATe€PHUTE BB3JIHM M YTEXKHSABA YC-
JOBHATA UM Ha padota. [To-TexxkuTe ycnoBus Ha
pabota ce moiy4aBaT OT TOBa, 4e OT elHa CTpa-
Ha, TpAOBa 1a ce chOIIOAaBa AOMYCKBT HA IPO-
BHCBaHE Ha Baja, KOMTO TapaHTHpa 3ajaaeHara
panuanHa xinabuHa Ha TYpOMHHUTE CEKIIMH, a OT
JOpyra cTpaHa TpsOBa Ja ce clelu 3a TeMIepa-
TypHHUTE pa3lIUpEeHus, KOUTO MOTaT Aa Ce U3Me-
HAT B mupoku rparuny ot 200 °C mo -40 °C [3].

[TpoBucBaneTo Ha Bama TpsOBa Aa Obae B
CTPOrO 3aJalJeHH TpaHHULM, HE MPEBUIIABAIIN
CTOMHOCTHTE Ha JIOITyCKOBHTE IIOJIETa HA PajH-
anHa XJabuHa MEXIy paboTHUTE TypOMHHH KO-
Jena U KOPIYCHHUTE BTYJKH. Ta3u xmabuHa ra-
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paHTupa HagexaHa paboTa Ha TypOuHarta; yBe-
JTMYaBaHETO W BOJM /IO yYBEIHYaBaHE HA MPOITYC-
Ka Ha TOIUIOHOCHUTEN M PSA3KO HaMalsBaHE Ha
KIIA-to Ha TypOuHata. MOHTHpaHETO Ha MEX-
JUHHU HOCEIIHY JIAT€PHHU BB3JM ChIIO HE € yAau-
HO pelIeHUe, Thii KaTO BB3MPEMSITCTBA MOHTAXa
Ha TypOMHHHUTE W T€HEPAaTOPHU CEKUUH U BOAH
JI0 CHLIECTBEHO YCJIOKHSIBAaHE HA KOHCTPYKLUATA
Ha TypOuHata. [Ipu To3u BapuaHT TpsiOBa na ce
MIpeMUHaBa Ha KOHCTPYKLHS, KOATO Jja c€ OTBapA
KaKTO OT CTpaHaTa Ha TypOMHHAaTa 4acT, Taka W
OT CTpaHaTa Ha reHepaTopHaTa 4acT, a TOBa Il
YCIIOKHH KOHCTPYKIHATA Ha JIATEPHHUS Bb3ell.

[Ipu opa3mepsiBaHETO HA aKCHAJIHHUS JarepeH
BB3€JI OCHOBHO BJIMSHHUE OKa3BaT OIIOPHUTE pe-
aKIMM U HaTOBAPBAHETO, MPEIU3BUKAHO OT Ol'b-
BaIllUTE M YCYKBalld MOMEHTH. ToBa HaTOBapBa-
He, mpu paboTa Ha TypOMHATA, € MPAKTUYECKU
MOCTOSIHHO BBB BpeMmeTo. Jlnarpamara Ha HaTo-
BapBaHE M JACHCTBALIMTE CHIM M MOMEHTH, ca
MpeacTaBeHu Ha ur. 3.

|
I
I
I
1
I

Gi] Gz O be
R1 R2
LN S p

®@ur. 3 /lnarpama Ha HATOBAPBAHETO TI0
IBIDKMHA HA Baja

Cunute Gy, G, u G; npeAcTaBIABaT TErJIOTO
Ha TypOuHHUTE Kouena, G4 — Terjo Ha poropa Ha
eJIeKTPUUECKUs TeHepaTop, oceBara cuia P ce
TeHepupa OT peakiusATa Ha W3THYaIlara CTpys
rmapa OT AIO3UTE; Ta3HW CTPYyA Ha TOIJIOHOCHTEIS
reHepupa U BBPTSIIUSA MOMEHT My, @ MOMEHTBT
Mg e peakuuaTa Ha MarHUTHOTO TOJIE Ha €JIEKT-
puueckus renepatop. Ry u R, ca Bp3HUKBaIMUTE
peakuu B OTMOPHUTE Jarepu OT NEHCTBHUETO Ha
CUJIUTE U MOMCHTHTE.

Cunure, npeau3Bukanu ot teriara Gy, G, u
G;, ce ompenensaT KaTo (YHKIMS Ha KOHCTPYK-



THBHOTO O(OpMSHE Ha CHOTBETHHTE ACTAWIN U
MaTrepuaia, OT KOWTO ca u3paboTeHn.

Cunara P 3aBucu oT pa3xoJa ¥ CKOPOCTTa Ha
JBIDKEHHE Ha TOIUIOHOCHTENS B TypOMHHUTE
CEKIIUH U C€ ONPENEeNs OT CKOPOCTHUSI TPUBI'BI-
HUK (¢ur. 4) 3a Besika cexuus [9, 10].

Ci

C1sinatt
C sina2

We

Wioos(31+WeoosB2

Coosai1+CGoosaz

®@ur. 4 CKOpOCTEH TPUBI'BITHUK

P =G(w,.sin f, +w,.sin 3,) (1),

KBJIETO:

G — pa3xon Ha TorutoHOcuTens, kg/s;
W;, W, — OTHOCHUTEIHH BXOJSAIA M H3XOAAIIA
CKOPOCTH B M OT paboTHaTa JIoTIaTKa, m/s, ompe-
JETISIT Ce OT ypaBHECHUSATA:

W= S )
sin f3,
w, =y.c, m/s 3),

KBIETO:
@, — HaKJIOH Ha CTpysATa mapa OT J103aTa Mo OT-

HOILIEHHE Ha PabOTHOTO Koneno ¢, = (10 —25)°;
[, — BXOJIAII bI'bJ Ha pabOTHATA JIOMATKA;
[}, — U3XOJIALI BI'bJl HA pabOTHATA JIONATKA;

€1 — CKOPOCT Ha MU3THYAHE OT J[103aTa;
I/ — CKOPOCTEH KoepHLHUEeHT Ha paboTHaTa Jo-

natka (ot 0,6 no 0,95); onpexnens ce ot rpaduy-
Ha 3aBUCUMOCT; QyHKIMA € Ha cymara (5, + 3, ).

breast ﬂl CC omnpeacist OT 3aBUCUMOCTTA:

sin sin 4
B, =arctg| ¢, ———— | = arctg L |(4)
¢,.sina, —u u
cosa, ——
¢
a @, OT yPaBHEHHUETO:
sin S
tgaz = "7 (5)
u
cosf, ——
W,

BopTanmTe MOMEHTH MOTraT J1a ce€ ONpeAearT
OT IpeJaBaHaTa B TypOMHATa MOIIHOCT. Makcu-
MaJIHaTa TEOPETUYHA MOLIHOCT, KOSITO MOXE N1a
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ce oTAaje B TypOuHaTa mpu aguadaTHO pa3LIv-
peHue, e:

Nynx =Gli, =i, ), & (6),
CBOTBCTHO.
My = Nyiax _ 30.Nyax , Nm (7).
(4] .n

W3non3Baiiku TOpHUTE 3aBUCUMOCTH 3a OII-
peAensHe Ha MaKCHUMaJIHUTE CTOMHOCTH Ha JeH-
CTBAaILIUTE HATOBApBaHMs W C MOMOIITA Ha KOM-
MIOTBPHO MOJEIHMpaHe W W3CIIE[BaHE Ha TPH-
MEpHHM MOJIENIN Ha BaJla, MOXE Jla C€ CHUMYJIHpa
MIpOLECHT Ha HATOBapBaHE U Ja CE HAIpaBU aHa-
JU3 Ha JEMCTBAlIUTE HANPEKEHHS B KOHCTPYK-
[USTa Ha JIaTepHUS BH3EIL.

W3uncnsBaneTo u n300pa Ha JarepuTe € Hal-
paBeHO IO NMHAMUYHO HATOBapBaHE, ONperele-
HO 110 3aBHCHUMOCTTA [8]:

c=rF>JL, (®),

KBJICTO:
F — exBUBaNleHTHO HaTOBapBaHe, B N;

L — nparotpaliHOCT Ha Jiarepa, MHIL. min™, omn-
penens ce mo 3aBUCUMOCTTA :

_60.n.L,

L
10°

, ),

KBJIETO:

n — 060pOTH Ha TypOMHATa, B min ' ;

Ly, — HOMUHATHA IBITOTPAHHOCT, B h.
ExBUBaIe€HTHOTO HAaTOBAapBaHE CE OMpPEAEs

10 3aBHCHMOCTTA:

F=(XV.F +Y.F)K, K

AN D

(10),

KBJIETO:

X, Y- xoeUIMEHTH HA PaJUATHO W aKCHAIHO
HaTOBApBaHE;

F, — panqyuanHo HaTOBapBaHe;

F, — akcuanHO HaToBapBaHE;

V — xoeunmeHT Ha BBpTEHE;

K, — Koe(UuIIMeHT Ha CUTYpPHOCT, OTYHTAIl Xa-
pakTepa Ha HATOBapBaHE Ha JIATCPUTE;

Kt — xoeuIueHT, OTYNTAI BIUSHAETO HA TEM-
neparypara.

TpsabBa ga ce B3eme 1Mo BHUMaHUE U (aKThT,
4ye JICHCTBUTEIHHUTE IICHTPOBE HAa TEXKECTTa Ha
paboTHUTE KoJieJa Ha TypOWHATa M poTOpa Ha
reHepaTopa HE MOraT Ja ChBMaJgHAT abCOJIOTHO
TOYHO C TEOMETPUYHATA OC Ha Baja; T¢ CE JINMU-
TUPaHU OT JIOMYCKOBUTE OTPAaHWYCHHUS IPH H3-
paboTBaHeTo Ha nmerainuTe. Ta3uw eKCIIEHTPHY-
HOCT TeHepupa IEHTPOOSKHHU CHIIU, KOUTO Ch3-



JaBaT HampedHu TpenrteHus. TypOuHarta paboTu
C BUCOKH 000pOTH; B 3aBUCHMOCT OT IpoIieca Ha
pasliupeHre Ha TOMJIOHOCUTENS Te3U OOOPOTH
Morar aa BapupaT B rpanunute ot 6000 — 10000
min™.

Hpyr npobiem, KOHTO TpsOBa a ce B3eMe
MOJl BHUMAHKE MPH KOHCTPYHPAHETO Ha Jarep-
HHUS BB3€J, €, 4e B TypOumHara ce paboTH INpu
MHOTO BHCOK TEeMIIepaTypeH rpaaueHT (¢dur. 5)
[3, 9]; oT cTrpanara Ha TypOMHHATa yacT paboT-
HUTE TEMIIEpaTypu Morart aa Aoctursar o 180 —
200 °C, a 3ag reHepaToOpHATa YaCT BAIBT PabOTH
Py MUHYCOBU TEMIIEPATypu, KOHTO MOTaT jaa
nocturHar 110 -30 — -40 °C. To3u TemnepaTypeH
TpaIueHT ce o0yclaBs OT crienudukaTa Ha pas-
IIMPEHUETO Ha TOIUIOHOCUTeNA B TypOuHata. Ha
BXOJI TIapaTta € ¢ BUCOKA HavajiHa TeMIieparypa u
BHCOKa €HTAJMHs, KOATO TPU pa3lIupeHne maja
0 30HaTa Ha MHMHYCOBHUTE TemmepaTypu. Tasu
rojsiMa TeMIeparypHa pasiuka ce o0yciaBs OT
TEPMOJAMHAMUYHHUTE XapaKTePUCTUKH Ha W3MOJI-
3BaHMs ()PEOH W € eAWH HOB MOMEHT IpH pa3pa-
0OTBaHETO HA JIATEPHU BBH3JIU 3a TypOUHHU, pado-
Temm ¢ GppeoH. BHcokusT TemmneparypeH rpauu-
€HT OKa3Ba BIIMSHWE HE CaMO BBHPXYy TeMmIiepa-
TYpPHOTO pPa3IIMpEHHE Ha Pa3NU4YHHUTE JeTaiiy,
HO ¥ BBPXY YCJIIOBHUSTA Ha paboTa Ha MaTepuana.
CrnemoBaTennHo, TPU SKOCTHOTO Opa3MepsiBaHe
TpsiOBa /a ce oT4eTaT pa3IUYHHUTE TeMIepaTyp-
HU PSKUMHU H J1a ce moadepar ChOTBETHHUTE KOe-
(hUIMeHTH HA CUTYPHOCT.

Surface: Temperaturs K1

o

=0

®ur. 5 Paznpenenenue Ha TeMiieparypara mno
IBIDKMHA Ha Bajia

Ha 6a3ara Ha Te3u yCIOBHS U NPEIIIOCTaBKH
npu paboraTa Ha TypOMHATa € HAIpPaBEHO CH-
MYJIAI[HOHHO M3CJIeBaHE M MPOEKTHPAaHE Ha Jia-
TePHUS BB3eJI C M3IOJI3BaHE HA KOMITIOTBPHO MO-
nenupaHe. Pesynratute oT cuMynupaHe Ha HaToO-
BapBaHUATa W ONTHUMHM3HMPAHETO HA aKCHAIHUS
JarepeH Bb3eJ Ha TypOHMHATa ca MpeacTaBeH! Ha
¢wur. 6.
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®ur. 6 KoMmoTspHO MOZenTupaHe Ha
aKCHAJIHMSA JIarepeH Bb3ell Ha TypOuHaTa

PE3VYJITATH U OBCBHXJIAHE

C momomira Ha KOMITIOTBPHO MOJENUpPAHE H
U3Clie/BaHe Ha TPUMEPHUTE MOJENU Ha Pa3Ind-
HU KOHCTPYKLUH Ca MOJY4YEeHHU pe3yiTaTH, C KO-
UTO € KOHCTPYHPAH paJualHO-aKCHAIICH JarepeH
BB3€JI 32 TypOHHA, IIpeJCTaBeH Ha (ur. 2.

®@ur. 7 Typbuna, padorema Ha ppeoH

TypOunata (¢pur. 7) € ¢ BrpajicH eJIeKTpudec-
KH reHeparop 3a 16 kW enexTpuuecka MOLUTHOCT
u pabotu ¢ ¢peon 507A mpu HamsraHe HA TOM-
JIoHOcHTeNs Ha BxoAd oT 1,5 MPa u aebut 0,122
kg/s [9].

CpaBHEHHETO Ha PE3yNTaTUTE, MOIy4YEHH IO
YHCJICH IbT, U €KCIIEPUMEHTAIHUTE JJaHHHU, 3aC-
HETH B Tpolleca Ha paboTa Ha TypOWHaTa, AaBat
n00po ChBMAJCHUE; TOBA MOKa3Ba, e Mpeasara-
HUST NOJXOJ 32 Opa3MepsBaHe U KOHCTPYKTUBHO
odopMsiHE Ha paauaTHO-aKCHAIEH JarepeH Bb-
3eJ MOXKE Ja ce M3IMO0JI3Ba 3a pa3paboTBaHe Ha
HEeCcTaHIapTHO 00OpyABaHE.
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YACT ITbPBA

EKCHHEPUMEHTAJIHO OIIPEAEJISTHE HA CHEHU®UYHATA MEXIAY®A30BA
HHOBBPXHOCT ITPU PEKTU®UKALIMS B JABOPATOPHA KOJIOHA, OBOPY/IBAHA C
TPU CUTECTHU TAPEJIKHN

J’Kusko MBanos, Jloopun ['eoprues

EXPERIMENTAL DETERMINATION OF THE SPECIFIC INTERFACIAL AREA BY REC-
TIFICATION IN LABORATORY COLUMN EQUIPPED WITH THREE SIEVE TRAYS

Zhivko Ivanov, Dobrin Georgiev
E-mail: zh_ivanov@btu.bg

ABSTRACT

In the present paper an experimental model is developed to calculate the specific interfacial area
for binary distillation. A distillation column with 0.1 m diameter was used to measure sieve tray effi-
ciencies. The local efficiency of sieve tray was measured with binary mixture Methanol — Water. This
test system is common in the chemical and petroleum industries. The experimental determination was
conducted within the vapor velocity range of 0.12 — 0.36 m/s, under atmospheric pressure and total
reflux.

Key words: sieve tray, specific interfacial area, distillation

BBBEJIEHHUE pelIeHusI 3a oTpeeisTHe Ha MEeK Ty da3oBara 1mo-
BBPXHOCT Ca U3BCACHU OCHOBHO BBHPXY CTYIACHHU
B cBeroBeH mamiab eMH OT OCHOBHHUTE MPO-  MOJIENH ra3-TeqHocCT [1-7].
[ecH B XMMUYecKaTa U HeproxuMuveckara mpo-

MUIIJIEHOCT 3a pa3JiejisiHe Ha OPraHuYHU CMECH, EKCIHEPUMEHT
C IIeJl MOoJly4aBaHe Ha OTAETHU KOMIIOHEHTU C
BHCOKA YHCTOTa, CH OCTaBa MPOIECHT PEKTHU(H- IIporiecbT Ha MacompeHacsHE B CHUCTEMHTE

karms. IlporechT pekTnUKamus ce MpoBekKAa  MApH-TEYHOCT € €JHO CIOKHO IT0JIe B XUMHUYHO-
OCHOBHO B TapelIKOBH KOJIOHH U IMO-PSIKO B KO-  TO MHXCHEPCTBO KAKTO Ha MPOMHIIUICHO Taka M
JIOHH C MBJIHEX. MacooOMEHBT MEXIy MapHata  Ha jJabopaTopHO HMBO. B mbpBus ciyuail To3u
U Te4yHa (a3u Ce OCHINECTBSABA BBHPXY pas3loyio-  MPOLEC Ce W3BBPIIBA Ype3 CIeNUaliHA amapary-
KEHHTE Ha ONpPENETICHO Pa3CTOSIHWE €AMH HaJX  pa, IPU KOATO € MHOTO TPYIHO Ja Ce MpeacKaxe
IOpyr KOHTAaKTHH €JeMEHTH (Tapenku). TsaxHata  TOBEAEHHETO caMo C TeopeTW4HU moxenH [8-10].
poJis € la OCHTypsAT oOpa3yBaHeTO Ha pa3BuTa  [lopagum TOBa € HEOOXOAMMO Ja ce HalpaBH
Mek1y(pa3oBa MOBBPXHOCT MEXKAYy KOHTAaKTyBa-  OIIEHKA 3a KOS(UIIMEHTHTE Ha MACONPEHACSHE U

IIMTe MapHa u TeuHa ¢gasu. Mexaydaszosara mo-  MexaydazoBaTa HMOBBPXHOCT Ha JIAOOPATOPHO
BBPXHOCT CE Ch3/1aBa Mpu 0apOOTHPAHETO Ha Ma-  HUBO. ThH Karto MexaydaszoBaTa MOBBPXHOCT
pUTE TIpe3 TEYHOCTTA M UMA MOJBIKCH JUHAMH-  MPHU TapEIKOBHTE KOJIOHH, KOSTO BCBHIIHOCT

YeH XapakTep, Karo ce MpoMeHs mo ¢opmMa M MPEACTaBisiBa peajHara I'eOMETpUYHA MOBBHPX-
pa3Mepu B TE€YCHHUE Ha mpoleca. Thil KaTo €MUH  HOCT Ha MapO-TEYHOCTHUS CJIOH U € ¢/IHA JMHA-
OT OCHOBHHUTE MPOOJIEMH MPU TAPEIKOBUTE PEK-  MHYHA CHCTEMa, TS € TPYAHO OmpenenseMa Be-
TU(UKAMOHHN amapaTd ca KWHETHYHUTE HM3C-  JUYMHA. 32 TOBa 4YecTo ce paboTH ChC CIIEu-
JIeBaHUs BBPXY MAacOOOMEHa KOMTO C€ YCIok-  (puuHara Mexayda3oBa MOBBPXHOCT, T.C. MEXK-
HABAT MOPaJH 3aTPYAHCHUSATA NIPU OMpeneNsHe-  Ayda3oBaTa MOBBPXHOCT B eAWHHUIA paboTeH
TO Ha Mexayda3oBaTa MOBBPXHOCT, HACTOSIATA  00EM Ha MapO-TEYHOCTHHS CIIOM.
paboTta ¥Ma IPUHOCEH XapaKTep. Lenra Ha HacTOsiaTa pabora Oe ¢ moMoInTa
[Ipe3 nocnemuuTe roguHu ce pabOTH MHOTO  Ha EKCIICPUMCHTAIHU JAaHHU Ja C€ ONPEACIAT
VCHJIICHO B Ta3W 00JIacT, KaTo NpPEIJIOKEHHUTE  CTOMHOCTHTE Ha crenuduaHarta Mexmaydasona
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MOBBPXHOCT 3a MojienHata cMec MeTanon-Boga.
3a Ta3u 1eN ca U3MON3BaHM JaHHHU, TOJTYYECHH OT
eKCIIEpUMEHTAlIHA amnapaTypa, CHa0JieHa CbC
CThKJICHA NabopaTtopHa KoyioHa ¢ auamersp 0,1
m, obopyaBaHa C TpU OpOS CHUTECTH TApPEITKH.
Bcska tapenka uma 52 otBopa ¢ nuametsp 0,003
m. BCHYKHM eKCriepUMEHTAIHU JaHHU Ca IOJy-
YeHH TIPU CKOPOCT HAa TapHTe B KOJIOHATAa OT
0,12+0,36 m/s, mpu atMochepHO HAJIATaHE H
mbJiHA Quierma [11].

[MpeanoxeHuAT MoOJeNn 3a ONpelcisHe Ha
CTOMHOCTUTE Ha crenuduyHaTa Mexmayda3ona
MMOBBPXHOCT C€ CHCTOU B OIpPEIENISIHE Ha OTHO-
[ICHHETO Ha 00EMHHS KOC(HUIIMECHT HA MacoIpe-
HaCsIHE, MOJYYCH OT EKCIEePHUMEHTAIHHW JIaHHHU,
OTHECEH KbM KOC(QHIIMCHTa Ha MacONpeHaCsHE,
W3YHUCIIEH C MOMOIITa Ha TEOpHATa Ha Xuebu, a
uMeHHo [12]:

a= &l (1),
(KOG) igbie

OT excriepuMeHTATHUTE TaHHU Oele onpere-
JIeHa CTOWHOCTTa Ha OOEeMHHUS KOoe(HIIMEHT Ha
MacoIpeHacsiHe 1o cieaHara popmyia [13]:

(K a)EXp — quGNOG
OoG th

KBJICTO BPb3KaTa Ha OpOsi IPEHOCHU SIVMHUIIN
C JOKaJHUS KOS(DUIMEHT Ha MOJIE3HO JAehHCTBHE
ce JaBa ChC 3aBUCHUMOCTTA [14]:

Nog =—In(1-E;) (3).

Tl KaTO EKCIEPUMEHTHTE ca TMPOBEICHU B
YCIIOBUSATA HAa WHJIHO CMECBaHE HAa TEYHOCTTa
BBpPXY TapesIkaTa W IIPU IIBIHO HM3MECTBAHE HA
napHata (pa3a o BUCOYMHA Ha ABY(Da3HHS CIIOH,
JIOKATHUAT KOS(MUIIMEHT Ha TOJIC3HO JCHCTBHE
MOJKE J1a ce u34uciu oT popmymara [15]:

_ (Y = Ya)

(v = Vat)

ChriiacHO TIEHETPALMOHHMS MOJIeN Ha Xueou,
NPU MacoNpPEHACSHETO B TPAHUYHUS CIIOH, OCBEH
MoJIeKyJIapHaTa nu(y3usi, ChIIECTBEHO BIHSIHIE
OKa3Ba W OOHOBIICHHETO Ha TOBBPXHOCTTA 32
CMeTKa Ha TypOYJICHTHHTE MyJICalluh, KOUTO He-
MPEKbCHATO MPEHACAT CBEXKH MOPIHH (QIyHUI OT
SapoTo 10 Mexaydasuero u obpaTHO. Bewmuku
BUXpPU HMMAaT €IHAaKBO Bpeme Ha KOHTakT. Koe-
(bUIIMEHTHT Ha MacoMpeHacsiHe MOXe Jia Ce OIl-
penenu o Gopmymnara [9, 16]:

1 1 m

=—4 —

KOG ﬂ G ﬂ L

KbJICTO YaCTHHUTEC Koe(bI/H_[I/IeHTI/I Ha MacoIipe-
HacCsHC B IIapHaTa U TE€YHATa (1)3.31/1 npu €aAHaKBU

2),

(4).

oG

(),
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BPEMCHA HA KOHTAKT MOraT Aa €€ OnpCAciiiT OT

ypaBHeHnus (6) u (7):
4D,
Po = 20, (6)
4D,
A= 0, ().

3a curectu Tapenku Yew u Yyawe mpennarat
CJIeZIHAaTa 3aBUCHMOCT 3a OIpelelsiHE Ha BpeMe-
TO Ha KOHTAKT 3a MapHa u TeuHa ¢asu [17]:

g, = (8)
Ug

6, =6, 25 (9).
P

BucounHata Ha cBeTiaTa TEYHOCT € Ba)KEH
napameThp, Thil KaTo MPSIKO BIMSAE BBPXY BpeMe-
TO Ha KOHTAaKT M MOXeE Jla C€ U3YMCIM OT Ipea-
JIOKeHaTa B JIUTepaTypara 3aBucumoct [12]:

0.5 0,25
Pa | yp
PL

C nomomra Ha ypaBHeHue 11 u 12 ce momy-
4yaBaT CTOMHOCTHTE Ha KOE(pHUIMEHTa Ha MoJe-
KYyJISIpHA TUQY3Usi, HEOOXOUM 32 ONPENEISTHETO
Ha YaCTHUTE KOCQHIIMEHTH Ha MacoIlpeHacsHe,
CHOTBETHO 3a IapHa U TeyHa dasu [18]:

h, =0,6n%° p** (10).

4,3.1071*" 1 1
G = 1/3 1/3\2 (11)
p(UA +Up ) MA MB
KM}’T

(12).

L /
Hg (UAUB)1 }

PE3YJITATHU U OBCBHKJAHE

[Ipu ycnoBusATa Ha MBIHO CMECBaHE Ha TEU-
HOCTTa BBpPXY Tapeilkata B CBOTBETCTBHE C
ypaBHenue (1), momydeHute AaHHU Osixa obOpa-
OOTEHM KaTro 3aBUCHUMOCT Ha crHeuupuyHaTa
MeX Ty pa3oBa MOBBPXHOCT OT F-(hakTopa Ha Ha-
TOBapBaHe 1Mo napHa (aza, KaKTO U OT BU3yal-
HUTE HaONIOACHUS BBPXY BHCOYMHATA Ha Mapo-
TEYHOCTHHS CIIOH.

Ha ¢urypa 1 e mokazaHa 3aBHCHMOCTTa Ha
crenupuIHaTa MEXayha3zoBa TOBBPXHOCT KaToO
¢dyHKIMs OT pakTOpa HA HaTOBapBaHE IO MapHa
¢aza 3a MmomenHaTra cMec Metanon — Bona.

Ot ¢urypara ¢ BUAHO, Y€ C HapacTBaHE Ha
CKOpOCTTa Ha MapuTe B KOJOHaTa, pecm. F-
¢akTopa Ha HaTOBapBaHe IO TMapHa ¢as3a oT
0,1+0,31 (kg/m)*’s”, cmeumpuanata Mexmy-
(ha30Ba MOBBPXHOCT MOBHIIABA CBOUTE CTOMHOC-



TH, KaTo ce u3MeHs B uHTepBaja oT 350500
m’/m’.
550
b
1 i
b E -
& " o X
£ 8
Y 400 - ] A
B ® Xw=1.7 mol%
30 {4 e A Xw=2.8 mol%
Xw=3.2 mol%
300 T T T
01 0,15 02 025 03
F, (kg/m)5.s*

®ur. 1. Cnemuduunata Mexaydaszoa I0-
BBPXHOCT KaTo (GyHKIUS OT F-(hakTopa Ha HATO-
BapBaHe 110 MmapHa ¢aza.

BausHuero Ha BHCOYMHATA Ha  Tapo-
TEYHOCTHHS CIIOH BBPXY CeHU(PHUIHATA MEKIY-

(ha3oBa MOBBPXHOCT € MPEACTaBEHO Ha (purypa 2.

550

500 A
5 A
w450 "
£
o~ [ ] &
E e
o 400 - L]
L]
x @ Xw=1.7 mol%
350 - & A Xw=2 8 mol%
Yow=3.2 mol%
300 T T
0.01 0,015 0,02 0,025 0,03
s m

®ur. 2. Cnenuduunata MexaydaszoBa I0-
BBPXHOCT KaTo (PYHKIMS OT BHCOYMHATA HA Tia-
pPO-TEYHOCTHHUS CJIOM.

YBenuuaBaHeTO Ha BHCOYMHATA HAa Mapo-
TEYHOCTHHS CJOW BOAU [0 HapacTBaHE Ha
CTOMHOCTUTE Ha crenuduuHaTa Mexmyda3oBa
MIOBLPXHOCT 32 IIENUS U3CJIC/IBAH KOHIICHTPAIU-
OHEH uHTepBaj. Ilpu croiiHOCTH Ha BHUCOYMHATA
Ha Napo-T€YHOCTHUA cJIor oT nopsiabka Ha 0,028
m, crneuupuuHaTa MeEKAy(ha3zoBa MOBBPXHOCT
I/n\;[a }gaﬁ—BHCOKI/I cToiHOCTH OT mopsiabKa Ha 500
m~/m’.

3AKJIIOYEHHUE

3a momenHaTa cMec MetaHon-Bonma B ycio-
BUATA HAa M'BJIHO CMECBAHC HA TCUHOCTTA BBPXY
TapeyKaTa U MpH MMBIHO U3MECTBAaHE HA MapHaTa
(aza o BHUCOYMHA Ha NBY(a3HUA CIIOW M TIpeI-
JIOKeHaTa Mo-rope METOJIMKa 3a OIpejessiHe Ha
cneruduuHaTa MEKIy(}pa3oBa MOBBPXHOCT, MO-
rar Jia ce HAIpaBAT CICAHUTE U3BOJIH:
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1. ExcrmepuMeHTanHO ca ONpeneNicHH 3a
napHara (asza CKOpoCTTa Ha MapuTe B KOJOHATA,
F-paktopsT Ha HaToBapBaHe, Opoil HpeHOCHH
eIMHUIA U OOEMHHAT KOS(UIIMESHT HA MacoIpe-
HacsHE.

2. 3a umenus u3cieABaH KOHIEHTPALMOHEH
UHTEpBaN crHeunpuuHata MexnydasoBa Mo-
BBPXHOCT HapacTBa ¢ HapacTBaHe Ha F-(akTopa
Ha HATOBpBaHE MO TapHa ¢asza, pecil. CKOPOcTa
Ha MapuTe B KOJIOHATA.

3. 3a menus u3cleNBaH KOHIECHTPAIIMOHEH
uHTEepBaN crenuduuHata Mexmayda3oBa IO-
BBPXHOCT HapacTBa C HapacTBaHE Ha BHCOYMHA-
Ta Ha MapO-TEYHOCTHHS CIOM.
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ABSTRACT

In recent years, increasing attention has been paid on the study of the specific interfacial area in
gas-liquid contacting apparatuses. The volumetric mass transfer coefficient ki.a is composed of k.
and a. Enough evidence from both theoretical and experimental investigation shows that ki, and a are
particularly dependent on the different physical and chemical properties of the gas-liquid system and
operation conditions. The aim of this work is to present a theoretical model for the determination of
the specific interfacial area in the rectification process.

Key words: sieve tray, specific interfacial area, distillation

BBbBEJIEHUE

IIpe3 mocneannTe TOOUHU € OOBPHATO TOJS-
MO BHMMaHHE Ha HM3y4YaBaHETO Ha Ipoleca Ha
oOpasyBaHe Ha MexIy(]a3oBaTa MOBBPXHOCT MPU
MUCTIEpTHpPAHETO Ha MapHara ¢a3a B TedHa IMpH
KOHTaKkTHHUTE amapatd. ChIO Taka ce € yBelu-
YUJI CTPEMEXKBT Ha YUCHHUTE Jla HAaMepsT HAYMHU
3a CUMYyJHpaHe Ha Te3W MPOIECH B TEOPETHYHHU
MOJIENIA C TeN Ja Ce MPUAOOUAT 3HAHWS, KOUTO
CJIe/l TOBA J]a C€ M3MOJI3BAT MPHU MPOCKTUPAHETO
Ha HOBM NPOMHUIUICHH HHCTAJALUU WA YCb-
BBPIIECHCTBAHETO Ha BEYe ChHIIECTBYBAIHN TaAKH-
Ba [1, 2]. KirrouoB mapameTsp mpu mporeca pex-
TU(UKALNKS € MACONPEHACSHETO OT mapHata (asa
KbM TeuHata (paza. Kiacudecku mapure ce ocBo-
OoxmaBaT mojn QgopMara Ha MaJKd MeXypuera,
KaTo ce Mojy4yaBa €(EeKTHBHO MacoIlpeHaCsHe
MeXIy mapHata ¥ TedHa (azu. KommgectBoTo
BEIIECTBO, IPEHECEHO MEXAY NBeTe (ha3u B eIu-
HUIa paboTeH 00eM 3a eMHMIA JBIKEIa CUIIa,
ce u3passaBa ¢ OOEMHUTE KOS(UIIMEHTH Ha Maco-
npeHacsiHe. M3non3BaHeTo Ha 0OeMHUS Koedu-
IUEHT HA MacOIpEHACsHEe 3a aHaju3 Ha Ipole-
CHUTEe ce 3aTpynIHsBa OT (akTa, 4ye TOH € Mpou3-
BeJIeHHE OT KOe(UIIMEeHTa Ha MacOIpeHACsSHE H
crienmuuyHaTa MEXTy(ha30Ba MOBBPXHOCT. 3a 1a
ce moaoOpu eeKTUBHOCTTA Ha IIPEHOCA Ha Maca,
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e HeoOXoauMo Mexayda3oBara MOBBPXHOCT H
KOC(UIIMCHTHT HA MAacONpeHacsHe aa Objar
KoHTponupanu. [lo-moOpoTo pazbupane Ha Me-
XaHU3Ma Ha oOpa3dyBaHe Ha MeEXTyda3zoBara
MOBBPXHOCT OM CITIOMOTHAJIO 32 TIOBUIIaBaHE Ha
e()eKTUBHOCTTA Ha MpoIeca, a OT TaM W HaMaJs-
BaHE Ha KAalMTAJIOBUTE W OTIEPATHUBHH Pa3XOIU H
CHI)KaBaHE Ha Pa3XxOUTE 332 CHEPIHsL.

B nureparypara chiiecTByBaT HSKOJIKO Me-
TONa 3a eKCIIEPUMEHTAITHO ONpEeIsTHe Ha MEeX-
nydaszoBara MOBBPXHOCT, U3BEJCHH 3a Ipoleca
abcopOIusi, KOUTO CE pa3feiisaT B JBE OCHOBHH
rpynu: GU3NYHA METOOM M XHMHUYHHA METO[IH.
KbM uznunuTe MeTOmM CrHamaT ONMpenesTHETO
Ha MexaydazoBara MOBBPXHOCT IO ONTHYCH,
thotorpadcku u ynrpa3BykoB meron. Taka Koj-
Oepbane oOmpenens ONTHYHO MexaydasonaTa
MOBBPXHOCT HAa CHTECTH TapEIKH C JIHAMEThP
0,14 m u 0,635 m 3a Boga, anudaTHN AITKOXOJIH
u mimkonu [3]. Jlemoune n bexuw W3MOI3BAT
(dotorpad)cku METON M PA3IUYHU BEIIESCTBA B
OapOoTtaxkeHn cioit ¢ Bucounna 0,3 m [4]. [Ipe3
MOCTeTHUTE TONWHU € pa3paboTeH M yiuTpa-
3BYKOB MOJIEJI 32 U3MEpBaHe Ha Mexayda3zoBaTa
MOBBPXHOCT, KaTO 3a IeJITa € M3IMOJI3BaHa Ipa-
BOBI'bIIHA OapOOTa)KHA KOJIOHA, HAIlpaBeHa OT
MeTHJIMeTakpuiaT ¢ BucounHa 0,125 m, mmupo-
gura 0,02 m u aedenuna 0,002 m [S]. [Ipu xu-



MHUYHHTE METOJAU CTOMHOCTUTE Ha Crelu(puIHa-
Ta MexAy(da3zoBa MOBBPXHOCT ca MOJIYYEHH OT
eKCIEepUMEHTH, IPOBEJICHH MpPU Ipoleca adcop-
Omus. 3a MomydyaBaHETO Ha TE3W CTOWHOCTH €
HEOOXOJMMO J]a UMa TMO3HaHUS 33 HIKOW Iapa-
METpPH KaTo Pa3TBOPUMOCT Ha Ta3, IUCIIEPCHU
XapaKTepUCTUKHU Ha ABeTe (pa3u u MacoOOMEHHH
Koe(DUIMEeHTH B CIIydaWTe, KOraTo UMame (Pu3u-
yecka abcopOuusi W CKOpPOCTHAa KOHCTaHTa Ha
peakuus npu xumudecka adbcopouus [6-10].

OT HanpaBeHHs NpEryie]l Ha ChIECTBYBAIUTE
METOJIM 332 MOJICJMpaHe Ha MexnydaszoBara mo-
BBPXHOCT TPH TMpoleca peKTUPHUKALNSI MOXKE I
Ce HampaBW HM3BOJ], Y¢ KOHBCHIMOHATHUTE IMOJ-
XOJIM 3a OmpesielisiHe Ha Mexay¢da3oBara MOBbP-
XHOCT HE Ca 33/I0BOJIMTEIHU U HOBH MOJXOIH 32
OTIPENENITHETO i ca HAJIOKHUTENHU - TEOPETUYEH
MOJIeNT C TO-BUCOKA TOYHOCT, OIMPOCTEH KaTo
(hopMyIHpOBKa M HE Ha IOCIEIHO MSCTO, yIO-
OC€H 3a M3MOJI3BAHE.

EKCIHEPUMEHT

Enue oT ocHOBHHTE TpOOIEMH TIPH PEKTH-
(hukarus Kato ABya3eH MpoIec € U3CICIBAHETO
Ha MacOOOMEHHUTE XapaKTepucThkd. Hammuue-
TO Ha MeXIy(}azoBa MOBBPXHOCT MpH ABY(a3HU
MPOIECH TIOpaXKAa 3aTPyAHEHUS MPH MaTeMaTH-
9HOTO U (U3UIHOTO (popmMmynupaHe Ha TpoodIe-
Ma. 3aTpyIHEHHATa WABAT OT OMNPEACISIHETO Ha
MeXITypa3zoBara MOBBPXHOCT MOPaJH AWHAMUY-
HUS XapaKTep Ha oOpasyBaHETO M MPH JHCIIEp-
THpaHeTo Ha mapHara B TeyHara (asa. Twil kaTo
JUHAMHUYHATa MEKAy(pa3zoBa MOBBPXHOCT € MOJ-
BIKHA, T HEMIPEKHbCHATO Ce M3MEHs 10 Gopma u
pasmepu. ToBa ycIOXHSIBa JOITBIHATETHO MacoO-
OOMEHHHUSI TIpOLIEC M Hajlara HW3IMO0J3BaHETO Ha
cnenu(pUIHU TOJXO0AN U OTIPOCTEHU MOJIENN TIPH
Oopa3MepsBaHEeTO Ha amapaTUTe W MHTEeH3H(HKa-
musita Ha npouecure. ChIO Taka TOYHOTO H3-
MepBaHe Ha crnenuduyHata MexaydazoBa IIo-
BBPXHOCT € OT Ba)XHO 3HAYCHHE 33 HAJEKIHOTO
ompenensiHe Ha e(peKTHBHOCTTA Ha Tapenkara U
ONTUMHU3HPAHE IU3aliHA HA PEKTHU(PUKAIMOHHUTE
KOJIOHH TIpH TIpepaboTBaHe Ha HEe(TOMPOIYKTH-
Te.

3agauaTa Ha Hacrosmara padota 6e Moaenu-
paHe Ha crenupuIHATA MEXITyPa3oBa MOBBPX-
HOCT TIpH TIporieca peKTuduKkanus Ha 0a3a Ha
(GU3NKO-XMMUYHUTE CBOWCTBA Ha pasJelsHara
cMmec. U3BecTHO € oT JuTeparypara, ue 3a JgajaeHa
KOHCTPYKITUSI TapelKd TPU €IHAKBH Pa3MepH H
HaTOBapBaHus 1o jaBere (hasu MexaydaszoBara
MOBBPXHOCT 1e ObJIe PYHKIHUSA caMo OT (PU3UKO-
XUMHUYHUTE CBOWCTBa Ha TeuyHara ¢asza [11].
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CrnemoBaTelHO TPEIIOKESHHUAT MOJEN 3a OIpe-
JIeJITHE Ha crenu(puIHaTa Mex1y(pa3oBa MOBBp-
XHOCT C€ OCHOBaBa Ha (PU3UKO-XUMHYHUTE CBOM-
CTBa Ha pa3/ieNisTHaTa CUCTEMA.

Benukn (M3HKO-XMMWUYHH JaHHHA, KaKTO H
JAHHUTE, HEOOXOIUMH 32 OIpeelITHE Ha CKOPO-
CTTa Ha MapUTe B OTBOPUTE HA Tapelikara, ca
CHETH OT CIIEMAIIHO M3pabdoTeHa CTHKJIEeHa Ja-
0opaTopHa KOJIOHA C TPU CHTECTH TapejKH Hph
CHOTBETHHUTE TEMIICpAaTypu Ha KulieHe. Bcuuku
eKCIIEPUMEHTAITHU JTaHHH Ca MOyYeHH TP CKO-
poct Ha mapute B koinoHara ot 0,12+0,36 m/s,
npu aTtMOC(EpHO HAATaHe M IMBIHA QIerMa
[12].

ChINTacHO H3JI0KEHOTO IO-Tope, crenudud-
HaTta MexayQa3oBa TOBBPXHOCT 3aBUCH IPaBO-
MPOMOPIIMOHAIIHO OT 4YeCToTaTa Ha OoOpa3yBaHe
Ha MEXypHUTe U IUIOINTA Ha OTIEIHOTO MeXypue,
1 ¢ 00paTHO MPOTMOPIMOHATHA HA CEYCHUETO Ha
M3cIe/IBaHaTa Tapelika U CKOPOCTTa Ha MEXYpH-
T€, KaTO 3aBUCH OT €AWH KOS(HUIMECHT, OTYUTAII]
enuncopuaHara opma Ha Mmexypure [13] :
JvSy
Au,

Koedummentsr C, oTUMTALl E€TUIICOBHIHATA
¢dopma Ha MexypHTe, ce Ompeaens OT MpelcTa-
BeHaTa popmymna [14]:

a=C (1).

2),

KBJIETO Upe3 Kputepusi Ha Petinonoc aBTOpH-
T€ OTPa3siBaT BIMSIHUETO HA WHEPIUOHHUTE U
BUCKO3UTETHHUTE CHIIH:

— dbupr (3)
Hy

ToBa e yectoraTa Ha 00pa3yBaHe HA MEXypH-
Te, T.e. OPOSAT Ha MeXypHTe, 00pa3yBajH ce mpe3
OTBOpa Ha TapenKaTa 3a eIuHHIA BpeMe. B Ju-
TepaTypara € MpejcTaBeHa KaTo OTHOIIEHHWE Ha

Jeburta Ha mapHaTa ¢a3a, OTHECEH KbM 00eMa Ha
Mmexypa [15]:

Re,

_9
fo = v “4)

CrnenBamusaT mapaMeTbp, HEOOXOIUM 3a W3-
YHCISIBAHETO Ha MEXIy(]azoBara MOBBPXHOCT B
enuHUIA paboTeH 0b6eM OT amapata, € TeOMEeTpHU-
YHATa MOBBPXHOCT HA 00pa3yBalloTO Ce MeXypye

[16]: 2

2
=7Z'l— 1+
2

S, (),



KBJIETO TapaMEeTHPBT e TPEACTaBISABA EKC-
[MEHTPHUIINTETa HA MEXYPUYETO U CE€ OMpEeaeis OT
cJeIHaTa 3aBUCUMOCT:

.- 1_@ (©).

Tepacaka mpeuiara ypaBHEHHS 32 W3YHCIS-
BaHE HA BUCOYMHATA U JABDKHHATA HA MEXYPHUTE
¢ enuncoBuaHaTa (hopMa, KaTo U3IMO0JI3Ba KPUTE-
pHATHU 3aBHUCHMOCTH, OT4YHTamy (opmara Ha
MEXYypHUTE TIPH JBIKCHUETO UM B HEMPEKhCHATA

daza [17, 18]:

d

" 2
h=1,3d,Ta"* (8)
Ta =Re, Mo"* 9)

4
Mo ==L (10).

PO’

L

Onpenensano 3HaYeHHE 3a MacooOMeHa MMa
IUaMeTHPbT HAa Mexypure. Tol € eauH OT Baxk-
HUTE TIapaMeTpH, KOUTO HU IoMara B HaMHupaHe-
TO Ha MO-ToJIsIMaTa 4acT OT MapaMeTpuTe, Heoo-
XOJUMH 3a JH3aiiH Ha 0apOOTaKHUTE amapaTi.
3a cutectn Tapenku Yen m Yyawe yCTaHOBSBAT,
4ye JUaMeThPbT Ha MEeXypuTe € QyHKIHs oT Qu-
3UKOXUMHUYHUTE CBOWCTBA Ha pa3JieiisTHATa CMEC
¥ CKOpPOCTTA Ha IMapyuTe B OTBOPUTE Ha TapeikaTa
[19]:

dy =" (plpe) " mlug (1),

C momomra Ha ypaBHeHue (11) Moxke ma ce
W3YHCIIM CKOPOCTTAa HA HAapacTBaHE HA OTJEJIHO-
TO MeXypue Mo HpeanoxeHata oT MewnoencoH
3aBucumoct [20]:

(12).

PE3YJITATH U OBCBHXJIAHE

OT npennoxeHaTa METOJMKA TPH YCIOBUITA
Ha IIBJIHO CMECBaHE Ha TEYHOCTTA BBPXY Tapel-
KaTa B ChOTBETCTBUE C ypaBHeHue (1), momyde-
HUTE JaHHHU Os1xa 00pabOTEeHH KaTO 3aBUCHMOCT
Ha crienupuIHaTa MeXTypa3oBa MOBLPXHOCT OT
F-paxtopa Ha HartoBapBaHe mNo mapHa (asa,
pecH. CKOpoCTTa Ha IMapuTe B KOJOHATA, KAKTO M
OT BH3yaJIHUTE HAOJIONEHUs BBPXY BHCOYMHATA
Ha Mapo-TEYHOCTHUS CIIOM.

3a u3mos3BaHaTa MojenHa cMmec MertaHom-
Bona 3aBucuMocTTa Ha crenuduyHaTa MEXIy-
(a3zoBa MOBBPXHOCT Kato (YHKUIHUS OT (axKTopa
Ha HaTOBapBaHE IO MapHa (as3a € MpelcTaBeHa
Ha (urypa 1.
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Ot ¢wurypara e BHUAHO, Ye crenupuIHaTa
Mexayha3oBa MOBBPXHOCT HapacTBa C HapacT-
BaHETO HAa CKOPOCTTAa HAa MApUTE B KOJIOHATA,
pecn. F-dakTopa Ha HaToBapBaHe 1O MapHa (a-
3a. ToBa HapacTBaHe Ha crienu(UIHATA MEXKIY-
(hazoBa MOBBPXHOCT HE 3aBUCH OT KOHIICHTPAI[H-
sATa HA JECHO JICTJIUBUS KOMIIOHCHT B CMECTAa U
ce U3MeHs B auanaszona ot 500+680 m*/m’.

700
AclEe
650 -
A
E 500 1 AT
T y
& 550 4
AR ® Xwe, 7 mol%
500 - oo A Xwe2,8mol%
A
Hwe3.2 mol%
0,075 0125 0A7s 0,225 0275 0325
F, (kg/m)™5.5

®@ur. 1. 3aBUCUMOCT Ha CIiCIU(PUIHATA MEK-
nyhazoBa MOBBPXHOCT KaTo (YHKIUS OT F-
(hakTOpa Ha HaTOBapBaHe IO MapHa ¢aza.

Ha cnenpamiara ¢urypa e mpencraBeHo H3-
MEHEHHeTO Ha crenuduaHara MexaydasoBa
IMOBBPXHOCT B 3aBUCHUMOCT OT M3MCHCHHUCTO Ha
BHCOYMHATA HA MTAPO-TCYHOCTHUS CJIOM.

700
._ [
650 - g
.-_.- A
:E 600 1 =
I ;
S 550 ~
3 ' ol ® Xw=L.7 mol%
e A Xwe2.8 mol%
o Mwe=3.2 mol%
001 0015 002 0025 003 0035
hym

®@ur. 2. 3aBUCUMOCT Ha CICIU(pUIHATA MEXK-
nyda3oBa MOBBPXHOCT KaTo ()YHKIHS OT BHCO-
YHUHATA Ha MapO-TCUHOCTHHSI CITOM.

3a uenus U3ClIENBaH KOHIEHTPAIIMOHEH HH-
TEepBaJl HAPACTBAHETO HA BHUCOYMHATA HA MApo-
Te4yHOCTHHUS cioil B uHTepBasia 0,012+0,036 m
BOJM JI0 HapacTBaHE HA CTOMHOCTHTE Ha CIICIH-
(munrata MexaydazoBa MoBbpXHOCT. U 3a Tpute
W3CTIeIBAHA KOHIICHTPAIIMHA Ha JIECHO JIETIHBHS
KOMITOHEHT B Ky0a Ha KoJIoHaTa, crienuduaHara
MeXTypa3oBa TOBBPXHOCT 3ara3Ba CBOUTE CTO-
HHOCTH, KaTo ce u3MeHs B uHTepBana 500+680
m*/m’. 3abens3Ba ce, e ¢ HApacTBaHE HA KOH-
LHEHTpalusITa Ha JIECHO JICTIUBHUS KOMIIOHEHT B
Ky0a Ha KOJOHAaTa HapacTBa M BHUCOYMHATa Ha



Mapo-TEYHOCTHHS CIIOW MPU ONU3KH CTOMHOCTH
Ha crienupuIHaTa MeKIY()a3oBa HOBBPXHOCT.

3AKJIIOYEHHE

ChIi1acHO MPWIOKEHUS MOJIET Ca U3YUCICHU
TCOMETPUYHHUTE pa3MEepH Ha MeXypdyeraTa, IUIo-
mTa Ha HAIPEYHOTO CCUCHHE Ha Tapeikara Hu
CKOpPOCTTa Ha MEXYypHUTe, U € OIpelaeicHa CIie-
muuyHata Mexay(azoBa MOBBPXHOCT 32 MO-
nennata cMec Meranon-Boma. Morat ga ce Ham-
PaBAT CICTHAUTE 3aKITFOYCHIS:

1. 3a menus M3ClelBaH KOHICHTPAIMOHCH
WHTEepBan crenuduyHara MexaydazoBa MOBBP-
XHOCT HE 3aBHCH OT M3MEHEHHMETO Ha KOHIIEHT-
panusATa Ha JIECHO JICTIMBaTa KOMIIOHCHTa B
Ky0a Ha KOJIOHaTa.

2. 3a menus W3CIeABaH KOHIIEHTPAIMOHEH
WHTEpPBAJ HApacTBAHETO HAa CTOWHOCTUTE Ha
HATOBapBAHETO M0 MapHa (a3a U BUCOYMHATA HA
Mapo-TeYHOCTHUSI CIIOW, crienuuyHaTa MeXITy-
(ha3oBa MOBBPXHOCT HAPACTBA, KaTO CE M3MEHS B
uHTepBana or 500-680 m*/m’.

OBO3HAYEHMUA

a — crnenupuyHa Mexay(da3oBa MOBBPXHOCT,
m*/m’.

A — ToNI HA HAMPEYHOTO CEUSHUE Ha Tapell-
Kara, m’.

C — KopeKInoHeH (pakTop.

dy, — cpenieH TuaMeThp Ha MEeXypHTe, m.

F-axrop — q)aKTOS) Ha HaTOBapBaHE IO map-

na dasa (F = uy/pg ). (kg/m)™s”

fi, — decToTa Ha 0Opa3yBaHe HA MEXYPHTE, S .

h — BUCOYMHA HA MeXypa, m

[ — nBDKUHA Ha MeXypa, m

S}, —TITOII HAa MEXYpUeTo, m”.

V', — 06eM Ha Mexypuero, m’.

Uy — CKOPOCT Ha HapacTBaHE Ha MEXypueTo,
m/s.

U, — CKOPOCT Ha MapuTe B OTBOPUTE Ha Ta-
penkata, m/s.

[ — MTUHAMUYCH BUCKO3UTET Ha TeyHara (a-
3a, Pa.s

Ov — ne6ur Ha mapHata hasa, m’/s

V', — 00eM Ha MeXyp4eTo, m

pG — IUTBTHOCT Ha mapHata (asa, kg/m”.

pL — INIBTHOCT Ha TeuHara asza, kg/m’.

0 — MMOBBPXHOCTHO HampexeHue, N/m

Kpurepuii va Tadaxu Ta =Re, Mo">

gu,

Kpurepuit na Mopmon Mo = S
PO
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MN3CJEABAHE MEXAHU3MA HA ®OPMUPAHE HA HAHOPA3SMEPHU CTPYKTYPU B
MUKPOEMYJICUOHHHU YCJOBUS NIOCPEACTBOM CbBPEMEHHU METO/IM HA
KOMITIOTBPHOTO MOJAEJIMPAHE
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INVESTIGATION OF THE MECHANISMS OF FORMATION OF NANOSIZED
STRUCTURES IN MICROEMULSION CONDITIONS THROUGH THE CONTEMPORARY
METHODS OF COMPUTER AIDED MODELLING
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ABSTRACT

Recently, microemulsions have shown their potential as an interesting alternative reaction medium
for the production of relatively small monodisperse colloidal nanoparticles. The water—in-oil microe-
mulsion (W/0) can be regarded as a specific microreactor which allows: realization of chemical reac-
tions, synthesis of different in nature nanostructures and control synthesis parameters. The aim of this
article is to model the formation of nanostructures of CaCQOj; in the reverse microemulsion system.
The studied model is a water/oil (inorganic solution Ca(OH), /n-hexane/Aerosol-OT) system. A
mathematical model is of the preparation of nanoparticles of CaCOj in the microemulsion by a
chemical reaction has been developed. The distribution of particle size in the microemulsion in one
drop has been determined.

Key words: W/O microemulsion systems, particle synthesis, carbonate nanoparticles, mathematical

model
BBBEJIEHUE

HaHoTexHONMOTHUTE TpEACTaBISABAT €IHO OT
Haii-MofepHUTEe W OypHO pa3BHBALIM CE HampaB-
JIeHUs Ha HayKaTa W MpaKTHUKaTa B ILUT CBAT. Te ca
¢ (yHIaMEHTaIHO 3HaYeHHE B ChBPEMEHHATa XH-
MHUYECKa MHIYCTPUS M HM3Y4YaBaHETO Ha TEXHHTE
3aKOHOMEPHOCTH € OCHOBEH HpoOjieM C el Ha
TSAXHOTO ONTHUMAJIHO IIPOSKTHPAHE U YIPaBIICHUE.

IIpe3 mocneqHOTO AeceTuneTHe TIachK B pas-
BUTHETO HAa HAHOXMMHATA WM HAHOTEXHOJIOTHHTE
nanoxa Oe3CIopHO JOKa3aHWTEe HOBH CBOWCTBA Ha
HaHOMAaTepUAIUTE, U3TPAJCHH OT Pa3IMYHA HAHO-
YacTUIM /JOMEHH, KPHCTalld, 3bpHA, MOPH, MH-
LEeNU U JIp./, KaKTO U pa3HOOOpa3HuTe o0iacTu 3a
TAXHOTO NPWJIOXKEHHE B TEXHOJOTUHTE W OuTa.
Pazpaborenu 0sixa ¥ HOBH, HETPAAUIIUOHHH METO-
I 32 CHHTE3 M 00paboTKa Ha HAHOCTPYKTYPH.

HayunomnscnenoBatenckarta paboTa Ha peaw-
2 KOJICKTHBH € ITOCBETCHA Ha Ba)KHA, aKTyallHa U
HWHTEpPECHA B HAayYHO OTHOILICHHE 00JacT Ha CHB-
PEMEHHOTO MaTephajO3HaHUE W WHKXEHEPCTBO -
MOJTy9aBaHETO HA HAHOCTPYKTYPU UYpe3 XUMHYHA
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peakiusi B YCIOBHATa Ha O0OpaTHA MHUKPOEMYJI-
CHOHHA cucTeMa. [IpoBeKIaHM ca MPHOPUTETHH
U3CJICBaHUS M Ca IMOJyYEeHU HOBU JaHHU 32
BaXHH  (DU3MKO-XMMHYHH, MOP(OIOTHYHN H
CTPYKTYpHH XapaKTepUCTUKH Ha KapOOHATHHU
HAaHOYACTHIIM U HAHOMATEPHAaJIH.

3a ga ce paboTH Ha KBAaHTOBO HUBO o0aue, €
HEOOXO0UMa YHHUKATHA anapaTtypa, a eKCepuMeH-
TUTE W3WCKBAT CONIMIHO (hMHAHCHpaHe. 3aToBa €
HY’)KHO IPEIBAPUTEIHO MOJICIIUPAHE Ha TE3H IPO-
LECH M TPEIBAPHUTEIHO CHMYJIHpPaHE Ha BCHUYKH
JeHHOCTH. 3a MONlyYyaBaHETO Ha IMO-TO0CTOBEPHA
nH(pOpMaIUs OTHOCHO MexaHHW3Ma Ha (popmupaHe
Ha HAHOCTPYKTYPUTE B H3CICABAHUS MPOIEC €
Heo0XoauMo 1a ObJaT (GOpMyNIUpaHHu JOCTAThUYCH
Opoit XHIIOTe3H, Ja Ce M3BeJaT ChOTBETCTBAIIUTE
MM aHaJIMTUYHH MOJICNIU M Ja CE MPOBEJC TSIXHATA
JUCKPUMHHAIIMS C W3MOJI3BAHETO HA XUMHYECKH,
(PU3UKOXMMHYECKU M CTATUCTUYCCKH METO/IH.

Ilenta Ha HacrosiaTa paboTa € H3CIICABaHE
MexaHn3Ma Ha (OpMHUpaHE Ha HaHOPA3MEPHH
CTPYKTYpPH B MUKPOEMYJICHOHHH YCIOBHSI TIOCPE/-



CTBOM CBBPEMCHHH METOAM HAa KOMITIOTBPHOTO
MOJIeUpaHe.

MATEPHUAJIM U METOIHN

1. MukpoemMyJICHOHHA CHUCTeMa, MeTOIH-
Ka Ha eKCIlepUMeHTAa 32 CHHTe3 Ha KapOoOHATHU
HAHOCTPYKTYPH M anapaTypHo oopMieHHE HA
u3cjaeBaHUs NMpouec.

Bona/macno (W/O) MuKpoeMyJicHsITa MOXKE
Jla ce pasriiex/ia KaTo CIIeHaNeH ,,HaHOPeaKTop”,
MTO3BOJISABAI: pealn3upaHe Ha XUMUYHH PEaKIlii;
CUHTE3 Ha Pa3iUYHU IO MPUPOAA HAHOCTPYKTYPH
¥ KOHTPOIIMpaHE IMapaMeTpUTe Ha CHHTe3a, KaTo
(dopmara Ha MUKPOpPEAKTOpa 3aBHCH OT KOHKPET-
HUTE peakuuoHHH ycnosusi /®wur.l1/. Wscnensa-
HaTa MOJIeNHA cucTteMa e Bona/macio (W/O) mMuk-
pOeMyJICHSi ChC  CHOTBETHHUTE KOMIIOHEHTH:
Ca(OH),/n-xexcan/Aepo3on-OT.

Hacno — f} {}

R e S
K ;1
A Pl

Boga+pearewT ¥
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. 1"-} ""-Q}-":--{.o';f
__/ ﬁauuqa\cmuua :

®ur. 1 CxeMaTUYHO NPEACTABSHE HA BOJHUTE
KalK{ OT BOJa/Maciio MUKPOEMYJICHOHHA
CcHUCTeMa KaTo ,,MUKPOpPEaKTOp, MO3BOJIABAII]
(hopMUpaHETO HA HAHOCTPYKTYPH.

CuHTE3bT Ha KapOOHATHH HAHOYACTHUIU CE
OCBIIECTBSABA B JTA0OpATOPHA MHCTANIAIUS, BKITIOY-
Ballla IEPUOJMYHO JEHCTBAIIl PEaKTOp C pa3dbpK-
BaHe, TOOJIMKABAIll ce J0 PEaKTOp C HJeaTHO CMe-
cBane [1].

[MTocnenoBaTeTHOCTTA HA ONIEPAIIMUTE 3a MO-
My4yaBaHe Ha yATpadWHM YaCTHIH B MHKpO-
EMYJICHOHHH yCJIOBHS IO M3MOJI3BaHATA METOINKA
U PEAKIIMOHHUTE MapaMeTPH CXEMaTUIHO ca Ipe/-
CTaBEHU W ONMCAHU MO-paHo [1].

Pa3zpaborenara TeXHOJOTHs 3a CHHTE3 Ha
KapOOHATHH HAHOPAa3MEpPHU YacTUIM B OOpaTHa
MHUKPOEMYJICHOHHA CHCTEMa MpECTaBiIsBa Hes3a-
MbpcsBallla TPUPOJATA TEXHOJIOTHS, KOSATO W3-
M0JI3Ba MHOT'O MAJIKO CYPOBHHHU U TO3BOJISBA I10-
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JTy4aBaHETO Ha CTPYKTYPH C BB3IPOU3BOANMO Pas3-
npeiesicHue Ha YacTUIMTE 10 pa3Mep /KOHTPO-
JWpaHe Ha CTPYKTypUTe B HaHOpa3MepHarta ckaia/

[1].

2. BeposiTeH MeXaHU3bM HA KOHTAKT Ha
pearenTuTe mnpu (QopMHUpPaHeTO Ha KapOo-
HATHUTE HAHOCTPYKTYPH.

CyMapHOTO ypaBHEHHE Ha NIPOTHYAIIATa
XUMUYHA PEaKIUs MEXAY KaIIUeBUS XHIPOOK-
cun u CO, e caenHoTo:

Ca(OH), + CO, <> CaCO, ¥ +H,0 (I)

BeposATHHAT XUMHYEH MapuIpyT Ha OTHEN-
HUTE eTaly Ha Ipoueca Ha (QopMHpaHEe Ha Kap-
OOHAaTHUTE HAHOCTPYKTYpPH B paMKHTE Ha e€aHa
KaIlka MOXE J1a C€ IPEACTaBH ChC CIEAHUTE eJe-
MEHTapHU PEaKIHH:

Ca(OH), <> Ca®* +20H"
CO, +H,0 < H,CO,
HCO, <> HCO; + H*
CO, +OH™ < HCO;
HCO; <> H" +CO3"
Ca™ +CO; < CaCO,

3. M3ciaeasaHe MOCPEACTBOM CTaTH-
CTHYECKHU MeToJ (P)OPMUPAHETO HA KAPOOHATHH
HAHOCTPYKTYPH B MHKPOEMYJICHOHHM YCJI0BHS.

CxeMaTHyHO, 00pa3yBaHETO Ha HAHOYACTH-
O B EMYJICHOHHHTE KalK{d € WIIOCTPUPAHO Ha
@ur. 2.

CO:

KANKA

EMYNCHOHHA

CHETEMA KOHLIEHTPALIMS HA C

B TEMHOCTTA

®@ur. 2 Mexann3sM Ha 00pa3yBaHe Ha

HaHOCTPYKTYPH B €EMYJICHOHHUTE KalKH

3.1. CbBpeMeHHH MeETOAH HAa KOM-
HNIOTHPHOTO MOJe/IHPaHe

KoMImoTbpHOTO MOIETHpane Ha HETpPEeKbC-
HaTH CPEIU € YHUBEpPCaJHAa TEXHOJOIHS 3a TSX-
HOTO H3clie/iBaHe ¢ (YHIAMEHTATHO 3HAYCHUE 3a
Pa3BUTHETO HAa pa3NUYHU 00JacTH Ha Haykara U
TexHUKaTta. To CBhIBbpKA TOCTPOSBAaHE Ha aJeK-
BaTHU MaTEMaTHYECKH MOJICIIM HA Pa3HOOOPa3HH
Cpelu, KakToO U Ha SIBJICHHS U MTPOIECH B TSX.



[IpoBexmaHeTo Ha YHCIEHU EKCIIEPUMEHTHU C
Te3W MOJIEIN CE€ OCHOBaBa Ha CIEHUANIU3UPAHH
YHUCIEHd METOIW 3a OOMIMpHM KIacoBe 3aJaduH,
pean3upaHd KaTo KOMIIOTEPHH Iporpamu. Te ca
MOIITHO CPEJICTBO 33 MHOTOCTPAHHO M3ydaBaHE Ha
HEMPEeKbCHATUTE CPEI NMPH HAYYHUTE H3CIICIBA-
HUSI U IPOEKTUPAHETO HA HHXCHEPHU O0EKTH.

B nacrosimaTta paboTa ce akIeHTyBa Ha W3-
noi3BaHeTo Ha Meroaute Monrte Kapno u More-
KyJiHaTa quHamMuKa. [lox cumymanus Haii-o01Io ce
pa3dupa MpoBeXJTaHEe Ha KOMITIOTHPHH EKCIIepH-
MEHTH C MaTeMaTHYeCKH MOJIENH Ha CJIOXHH CHC-
TEMH OT peajHUs CBAT. Thi KaTO KOMIIOTHPHUSIT
EKCIIEPUMEHT Ce M3BBPIIBA C MOJIEN HA CHCTEMAaTa,
a He ChC camaTa CHCTeMa, CUMYJAlHuATa € MOIIHO
CPEICTBO 3a M3CJIeZIBAaHE HAa CUCTEMH, C KOUTO HE €
BB3MOXHO WM € Hee)eKTUBHO Ja ce MpoBeAat
peamHu ekcriepuMeHTH. YUpes cumymamusta ce
LIEJIM J1a Ce Pa3sKpHST CBOWCTBATa U 3aKOHOMEPHO-
CTHTE Ha W3ydaBaHaTa CHCTEMa, Aa C€ HaIllpaBAT
0000mIeHns, M3BOIN W TPEIBUKIAHUS, a ce pe-
maT MPaKTHIECKH 3aaaqu [2-4].

3a TpoBeXJaHE Ha CHMYJALUsi CBC CTO-
XaCTHYHW MOJENM Hail-4ecTo ce H3MO0J3Ba Me-
ToabT Monte Kapino. ToBa e yHuBepcanieH METo
3a CUMYyJIalys, KOWTO HaMHpa MPHIIOKEHUE B pa3-
TUYHH 00JacTH Ha HAyYHHUTE H3CIEIBAaHHSI U B
WH)KCHEpHATa MpakTukara. HacoyeH e KbM CIOX-
HU TPOOJEMHU CHUTyalliHM, KOUTO € TPYyIOHO Ja
ObJaT ONMMCAHU U PELICHH C U3IION3BAHETO HA aHa-
JUTHYHU MeToAn. BB3MOXKHOCTTA 3a 3a/jaBaHe Ha
pa3IMYHU 3aKOHW 3a pasmpeiesieHHe Ha Bepo-
ATHOCTUTE Ha BXOJSIIMTE IMPOMEHJINBH Ha MO-
Jiesia: HOpMaJlHO, PaBHOMEPHO, TPUBI'BIHO, JIOT-
HOPMAJIHO W JPYTH BHIOBE TEOPETUYHH pa3-
MIpeJeNieHns, KaKTo M 3a/laBaHeTO Ha EMIUPUYHH
pasmpeneneHus, ChbIIIacyBaHH C HalUdHATa WH-
(dopMmaIisi U BBBEXKIAHETO HAa YCIOBHH BEPOSIT-
HOCTH W KOpENaIus MEXAy MPOMEHINBHUTE Ha MO-
Jiena, ca MperocTaBKa 3a IMOBUIIABaHE a/IeKBaTHO-
CTTa W KadyecTBOTO Ha Mojenute. BaxHu mpe-
JTUMCTBa Ha METO/a ca HAIMYHMETO Ha SICHA BPB3Ka
MEXJy BXOJa M H3X0Ja, BH3MOXKHOCTTa 3a TPO-
BeXJAaHE Ha XWISAW ONWTH M TOJNydaBaHE Ha
W3BaJIKa OT CIIEHAPUUTE Ha TIOBEJCHHUE Ha CITydaki-
HUTE BEJIMYMHHU Ha MOJejia, KaKTO U 3a aKTyajH-
3upaHe U paslmupsiBaHe Ha Mojenure. IIpecmsra-
HETO Ha OCHOBHHM YHWCJIOBH XapaKTEPUCTUKHA Ha
BXOJISIIIATE BEIMYUHY W Ha TMOIyYEeHUTE pe3yJiTa-
TH W TEXHUAT aHAJIU3 € OCHOBAa 3a NMpHEMaHe WU
OTXBBPJISHE HA (POPMYIHPAHUTE XUIIOTE3U [2-4].

[IpoBexmaneTo Ha CHUMYJIATHBHH MPOIEAYPH
BBPXY MOJEIHH CHUCTEMH KaTo H3ClIe[[BaHaTa IIe
OCUTYpHU TO-I00pOTO MMO3HABaHE HA Mpoleca KpH-
CTalM3alus ¢ XMMHUYHA PEeaKIus KaTo IS0 U e
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CIIOMOTI'HEC 3a HO—38.,Z[’LJ'I60‘IGHO pa36HpaHe Ha IIpo-
THYaAIIUTC MCKXJIUHHU SIBJICHUA.

3.2. KuneTruka Ha (popMupaHeTo Ha Kapoo-
HATHH HAHOCTPYKTYPH B 00paTHa MHUKpOeMYJI-
CHMOHHA cucTeMa (MacoB 0ajaHC):

Ay + By = C (I1)
r. =kC,C, (1)

3.2.1.Pa3raexaaHn caydai — oOpasyBaHe Ha
€/IHA YaCTUIIA B eJHA eMYJICHOHHA KalKa:

dC,
=— 2
& c 2)

dC,
= 3
dr ¢ ®)
dC. . 1 dm, @),

dr Ve dt

KBJICTO: dme , kg/s - u3paszsBa ckopocrra Ha Ma-

compeHocsiHe; Vy, M’ - 06eM Ha eMyJICHOHHATa
Karka.

[Ipuemaiiku, 4e p € KOHCTaHTa U ako (OpMHU-
panata wactuna (C) e cbc chepuuna dopma, TO
ypaBHeHue (4) MOe /1a ce TPe/ICTaBu BbB BHUJIA!

dC, dr
dtc =r.— 25 (5) xbge-
TO: ¥ = Amp_
M Vy

CKOpOCTTa Ha HapaCTBAHC HAa YaCTHUYKUTC MO-

e 1a ce quduHIpa Taka:
d
"= G =k (Ce-CEY

dr
KbeTo: kg, (m/s)/(mol/m’)
CTaHTa Ha HApaCTBAHCTO Ha YaCTULIUTC, Céat 5

(6),

CKOpPOCTHa KOH-

mol/m’ — koHIenTpanys Ha Hacumane Ha C B pas-
TBOpA; CCL , mol/m’® — KOHIIEHTpaLKs Ha IPOLYKTA

Ha peakuusTa (C) B TeUHOCTTA.
PE3YJITATH U OBCBbXXJIAHE

HanpaBen e onuT mocpeacTBOM ChBpeMEH-
HU METOJM Ha KOMIIOTHPHOTO MOJICTUPAHE Jia Ce
u3ciena (opMHpaHETO Ha KapOOHATHH HAaHO-
CTPYKTYpPU B MHKPOEMYJICHOHHU ycioBus. W3-
Clie/iBAHATA MOJICIHA CHCTEMa € BOJa/Macio
(W/O) mmkpoemyscus ChC CHOTBETHHUTE KOMIIO-
Hentu: Ca(OH),/n-xekcan/Aepo3zon-OT. Pasrie-
JaHO ¢ o0pa3yBaHETO Ha €HA YacTHIlA B €IHA
eMyJICMOHHAa Kallka 3a u30paHata MOJIelTHA CH-
crema. CbCTaBeH € MareMaTHYeH MOJEN, TTOCpe/-



CTBOM KOWTO I¢ CE aHAM3Upa CJIIOKHOTO B3aM-
MOILCﬁCTBHe MCXKAY Pa3IMYHUTEC MCXaHU3MHU KaTO
CUHTE3 U pa3laJi Ha eMYJICHOHHHU KalduIy, Mpo-
THYaHE Ha XUMHWYHA peakiys, GpopMupaHe Ha 3a-
POJIMIITH ¥ PacTeX Ha YACTHIU MO BpEME Ha KpHUC-
Tain3anuaTa B MUKPOCMYJICMUOHHU YCJIOBUS. Ilo-
JyyeHaTa KOMOWHAIUS OT ypaBHEHHs Ha MacoB
0amaHC U KWHETHYHU TOJXOIU Ch3JaBa MaTema-
THYEH MOJIEJ, KOUTO MOXKe J1a ObJIe pEIlIeH Yuciie-
HO CaMO 3a HSKOJKO MHHYTH IMOCPEACTBOM TOJI-
XOZSIIH cOPTyepHU cpenu U mpoaykTu. [lomyue-
HUTE pE3yNTaTH OT MPOBEJCHUTE CHMYJIATHBHU
MPOIEAYPH Ca HHTEPIPETHPAHU U MPEICTABCHH
rpaduuHO Ha cieABanuTe GUTypu OT HACTOSIIATA
pabora.
[IpoBexxjaHeTO Ha CHUMYJATUBHU IIPOIIe-

JlypU BBPXY MOJEIHH CHUCTEMH KaTO U3CJe/IBaHa-
Ta 1€ OCHUTYpPH TO-JI00pPOTO MO3HABaHE HAa MPO-
1eca KpUCTAIM3alUs KaTo IsUI0 | II¢ CIIOMOTHE 32
M0-33]IbJIOOYCHOTO  pa3OMpaHe Ha MPOTUYAILIUTE
MEX/IMHHU SIBJICHUS.

3a pasriexmaHus cioydail /oO0pasyBaHe Ha e-
Ha YacTWIla B €llHA E€MYJICHOHHA Kamka/ pasmpe-
JICICHUETO Ha KOHIEHTpaluATa Ha 00pa3yBaHHs
mpoxykT oT CaCOj; ¢ TeueHHne Ha BPEMETO € TIpe/-
craBeHo Ha Owr. 3.
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Bpeme [s]

®@ur. 3 Pasznpenenenue Ha KOHIIEHTpaUATa Ha
oOpasyBanusl HaHOpa3zMepeH npoaykT oT CaCOs;
3a Bpeme 0,25 (s)

W3meneHneTo Ha KOHLEHTpauusta Ha A, B
1 obpasysanns npoaykr C B /mol/m’/ ¢ Teuenne
Ha BpeMeToO f, (S) 3a MU3CIEABAHUTE MOJICITHA CHC-
TeMa W Tpouec Ha (opMmHupaHe Ha KapOOHATHH
HAHOCTPYKTYpH ca u3pa3eHu rpaguyno Ha owur. 4.
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@ur. 4 VI3MeHeHHe Ha KOHIIEHTpalMiITa Ha KOM-
nonentute A, B u C B (mol/m’) ¢ Teyenne Ha Bpe-
METO ¢, (s) 3a U3ClieABaHUs MIPOLIEeC

HapactBanero Ha pasmepa Ha (opmupa-
IIUTE ce KapOOHATHM HAHOYACTHUIM C TCUCHUE Ha
BPEMETO Ha MPOTHYANIOTO XUMHUYHO B3aWMOJICH-
CTBHUE € MpejicTaBeHo Ha Dur. 5.
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@ur. 5 [IpeacraBsHe Ha pa3Mepa HA YaCTULIUTE
7 /m/ xaTo (QyHKIUS OT BPEMETO ¢ /s/

3AK/IIOYEHHUE

B pesynTar Ha mpoBeAEHOTO H3CIIEABAHE U II0-
JydeHUTe Pe3yJATaTh MOXE J1a Ce HalpaBH CIell-
HOTO 3aKJIIOYEHUE:



Benuku onmcann KOHKPETHH JEHHOCTH U H3-
MOJI3BaHa METOJIONIOTHUS TP peai3upaHe IeTuTe
Ha HacTosIuaTa padoTa JIONPHHACAT 3a MOJyda-
BAaHETO Ha IMO-JOCTOBEpHA MH(pOpMAauus OTHOCHO
MeXaHu3Ma Ha (opMHUpaHe HAa HAHOCTPYKTYPHUTE U
M3cJeIBaHus IpOIIeC.

Pasrnenan e ciyuail Ha oOpa3yBaHe Ha eqHA
yacTUIla B €IHA €MYJICHOHHA Kamka 3a W3-
cleaBaHaTa MojeliHa cucTema Boga/maciio (W/O)
Mukpoemyiicust ¢ kommoHentH: Ca(OH),/n-xek-
can/Aepo3on-OT. IlocTpoeHn ca BeposTeH Mexa-
HU3bM HA KOHTaKT Ha PEareHTUTe M ChIBTCTBA-
mjata KUHETHKa 0pu (opmupaHero Ha KapOo-
HAaTHUTE HAHOCTPYKTYpPH B MHKPOEMYJICHOHHHU
ycnoBusi. CbCTaBeH € ONPOCTEH MaTeMaTHYECKU
MOJIel, KOWTO KOMOWHHMpa MacoB OanaHC M KUHE-
TUYHU TOAXOAM U MOXE Aa ObJe pPelieH YHCICHO
caMmo 3a HSAKOJIKO MUHYTH. [IpoBeneH e kommio-
ThpEH eKcliepuMeHTH 4pe3 Monte Kapmo cumy-
naTUBHM npouenypu. Ilomyuenute pesyaratu oT
NPOBEJICHOTO H3CJeIBAaHE KayeCTBEHO IOTBBP-
JKIaBaT HAOJIOAAaBaHUTE B IPEAXOIHU EKCIEPH-
MEHTAJTHU W3CIIeZIBaHUsI NPOMEHH B pa3Mepa Ha
HaHOCTPYKTYpHTE.
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DETERMINATION OF HARMFUL EMISSIONS FROM TECHNOLOGICAL EQUIPMENT
IN PETROLEUM REFINING, STORAGE AND TRANSPORT OF OIL
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ABSTRACT

The biggest and most significant share in environmental pollution is that of industry and transport.
The main pollutants that are emitted in the air are: sulfur and nitrogen oxides, carbon monoxide, light
hydrocarbons, heavy unburned hydrocarbons, hydrogen sulfide, mercaptans, etc. The purpose of this
work is to identify emissions from process equipment in petroleum refining. The subject of the pro-
ceeding are the so-called diffuse sources of pollution caused by impaired technological regime leaks
of devices and communications, lack or inefficient operation of ventilation equipment and so on.

Key words: emissions, equipment, diffuse sources, petroleum refining

BBbBEJIEHUE

Hali-ronsimM u ChIIECTBEH I B 3aMBbPCIBAHETO
Ha OKOJHATa cpela MMaT MHAYCTpUATA U TpaHC-
nopThT. B wacTHOCT HedTeHaTa MPOMHIILICHOCT
CBHINO € €UH OT U3TOYHUIINTE Ha 3aMbpCsSBaHE HA
atMocdepara. To3u GakT € CBbp3aH H3KITIOUUTEI-
HO c omepanuuTe o obpaboTBaHeTo Ha HedTa U
cleqBaliata XMMUYHa ipepaboTka Ha HeTompo-
nykrute [1+6].

OCHOBHHTE 3aMBPCUTEIH, KOUTO CE EMUTHPAT
BBHB BB3JIyIIIHATA CPE/ia, Ca: CEPHU U a30THU OKCH-
M, BBITIEPONEH OKCHI, JEKH BBIIEBOJOPOIH,
HEHM3TOpey TEKKU BBIIIEBOJIOPOIH, CEPOBOJOPO,
MepKanTaHu u ap. KomndecTBoTO Ha eMUTHpPaHUTE
BpPEIHU BEIECTBA Bapupa B IIUPOKHA TPAHUIMN B
3aBUCUMOCT OT BHJa Ha 00paboOTBaHUS CYpOB
HedT, epUKACHOCTTa Ha camara oO0padoTKa U Io-
JTy4aBaHUTE MPOIYKTH.

ABTOpM HakpaTKO OINHKCBAaT B CBOWTE paz-
paboOTKN BB3MOXXHOCTHUTE 33 U3XBBPIIIHE HA Bpel-
HU BeIleCTBa B aTMocdepara 1Mo BpeMe Ha pas-
JUYHUTE CTAJANH HAa TPOU3BOJICTBO, MpepaboTKa u
cbxpaHeHue Ha HedrompoaykTH [1+6]:

- CKJIaJUpaHe, TPAHCIIOPTUPAHE M EKCILIOATHPa-
HE Ha CypoBHUs HE(PT M HETOBUTE NMPOAYKTHU - MPH
Jomo M3pabOTeHH pe3epBOapH, KIIANIaHH, TOMIIH,
U CBBp3aHaTa C TAX TPHOONPOBOJHA CHCTEMAa WU
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NpU €BCHTYaJHU aBapuu B TE3W CJIEMEHTH, ca
Bb3MOXKHH EMHCHHM Ha JIGKH BBIVICBOJAOPOIH M
CEepHH ChEeIHHECHUS,

- ACCTWIAIMOHHU MHCTAJIalluU - MPU ACCTUIIAIU-
ATa Ha Pa3IMYHUTE HEPTEHH NPOIYKTH CE OTICIIST
eMHUCHH OT BBIVICBOJOPO/IH, CEPOBOIOPOI U Mep-
KaITaHHy,

- MHCTAJIAllUK 32 KaTAJIMTUYCH KPEKUHT - BBIJIC-
BOJIOPOAM, BBIVICPOJICH OKCHA M (GHH Ipax ce
eMUTHpAaT B atMOC(hEepHHUs BB3AyX IO BpeMe Ha
pereHepupaHe Ha KaTaJu3aTOPHUTE, PU OTJEISHE-
TO UM C TUMHHUTE ra3oBe. OOMKHOBEHO MBbPBHUTE
ZIBa 3aMBPCHUTEIISI C€ U3rapsAT B CIICHUATHU IELIH,
npe€anu MU3XBBPJIAHECTO HAa OTHAAHUTE ra30B€ B aT-
Mocepara;

- MHCTaNanuu 3a padpuHUpaHe - IPH TE3U OIle-
paluu ce OTACTAT YTaKH U pa3iM4YHU OTIAJHU
BO/M, OOraTH Ha CEPHHM CHEIUHEHMS, OT MOBBPX-
HOCTTa Ha KOUTO CE€ EMHUTHPAT CEPOBOJOPOJ H Be-
IIECTBA C HEMIPUSTHA MUPU3MA,;

- MHCTAJIallUY 32 MPOJyXBaHe Ha OUTYMH - T€3U
MHCTaJlAlMK TPEJU3BUKBAT OTJCNISHE Ha JIOILIO
MHPHILEIIH BELIECTBa;

- YCTaHOBKU 3a (paKeIHO H3rapsHe - BCUYKH
HEOTI0JI30TBOPSIBAHY T'a30BE B eHA paduHepus ce
Ho/iaBat 3a u3rapsHe kpM Qaken. Eto 3amo xapa-
KTePhT HAa H3rapsHUTE Ta30BE CE M3MEHS MHOTO
KaKTO B KaueCTBEHO, TaKa M KOJUYECTBEHO OTHO-



nreHue. MHOTO TPYIHO CE OCUTYPSIBA MBIHOTO H3-
rapsiHe Ha Te3W ra3oBe, 0e3 Ja ce OTAeNH UM OT
HEU3TOPEIIUTE TBBPAM YACTHUIM, KOWTO B HIKOH
CJIydyau € JI0CTa IUTbTEH.

I'pkara 3a omazBaHe YHUCTOTaTa HA Bb3/IyXa ce
MPEeBbPHA BbB BCEOOXBATCH W M3KJIFOUUTEIIHO Ce-
PHO3CH CBETOBEH MPOOJIEM, C YHETO pEIlaBaHEe Ce
3aHUMAaBaT CHENUAIUCTH OT Pa3IMYHH OOJACTH.
[IpunaraneTo Ha peajqHW WHXCHEPHH PEIICHUS €
CBBP3aHO C TOYHOTO MMO3HABAaHE HAa BHUJA U KOH-
[EHTPAIUATa HAa MPHUCHCTBAIINTE BBB BB3AyXa
3aMBbPCUTEIH, OTKPUBAHETO W OMNPEJENTHETO Ha
KOUTO CE OCBIIECTBSIBA I10 PA3TUYHU METOIUKH.

B®B BpB3Ka ¢ rOPEH3IIOKEHOTO IeNTa Ha Hac-
Tosmata paboTa € Ja ce ONPEeNeNAT BPEIHUTE
€MHUCHH OT TEXHOJOTHYHOTO O00Opy/BaHE NpHU He-
¢TorpepaboTKaTa, ChXPAaHCHUETO W TPAHCIOPTA
Ha HedTompoaykTH. [IpeaMeT Ha pasriexIaHusTa
ca T.Hap. HEOPraHW3MPAHU W3TOYHHUIM HA 3aMBbp-
CsBaHE, IMOPOACHU OT HAPYIICH TEXHOJOTUYCH
PEKUM, HEXCPMETHYHOCT HA amapaTHTE U KOMY-
HUKAITMUTE, JUIca WM HeepekTuBHA paboTa Ha
BCHTWJIAIMOHHUTC CHOPBIKCHUA U 1IP.

MATEPHUAJIN U METOIN

1.IlocTaHoBKA Ha 3aJauuTe
Kato 06exT Ha pasriexaaHe B HACTOSIIATA
paboTa ce mpuemMaT HEOPraHWU3UPAHU HU3TOUHHUIU
Ha 3aMBpCSBaHE W MO-KOHKPETHO — pEaKTop, pe-
3epBoap W nucTepHa. EAwH TakwB chi/amapar
MOJKE J]a CITy’KH KaTo 3HAYUTEIICH U3TOYHUK 32 U3-
XBBpJISHE Ha BpPEJHH BEUIECTBA, 3aMbpCABAIIH
TJIaBHO TIPU3EMHHS CIIOH Ha atMocdepara. 3ama-
4uTe, IOCTABCHHU 3a pPelllaBaHe, ca KaKTo CJIe/IBa;
®  H3YHUCIIIBaHE EMUCHMTE HA BPEIHHU BEIEC-
TBa TIPH MPOU3BOJCTBOTO M MpepadoTKaTa Ha
HEe(QTOIIPOTYKTH;
®  U3YNCISABaHE EMICHHTE Ha BBIJIEBOIOPO-
JIA TIpH CHXPAaHEHUETO Ha He(PTOMPOTyKTH:
EMHCHH OT CBHJIOBE C CIHOKOMIIOHCHTHU
TEYHOCTH;
€MUCHUU OT ChAOBE C MHOT'OKOMIIOHCHTHU
TEYHOCTH.

2. Onucanue HA M3NOJ3BAHUTE METOHHU-
KH.

2.1.MeTonuka 3a U34HUC/AsIBaHe eMUCHHTE
HA BpeIHH BeIIeCTBA NMPU NPOU3BOACTBOTO H
npepa6orkara Ha HeTOmpoayKTH, pa3padoTe-
Ha oT B.M. Diabrepman

Onpedensine KoIu4ecmsomo Ha 8pedHU eeuye-

cmea, omoenswyu ce om 06opyosare, pabomewo
noo HalA2aHe:
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3a ma ce pemd TakaBa 3ajada, TyK Ce€ U3X0X/a
OT KOC(UIIMEHTa 32 HEXEPMETUYHOCT 71, HEHaJ-
BHUIIABAHETO HAa KOWTO TapaHTHpa W3IPHKIU-
BOCTTa Ha 0OOpYABaHETO Ha XEPMETUYHOCT W Ha
MIPOBEXTaHUTE MeponpusATus. B pesynrat Ha ToBa
MOXK€ C JOCTaThYHA 3a MPAKTUUYCCKUTE H3YHUCIIC-
HUS TOYHOCT Jia CE OIpEIeisIT EMHCUUTE Ha
BpPE/IHU BEIIECTBA M J1a C€ MPOTHO3HMpa 3aMbpCs-
BaHETO Ha MPU3EMHUS BB3AYIICH CIIOH.

KonuuectBoTo Ha rasa, oTaensir ce oT 000-
pYyIIBaHETO 3a EMHUIIA BPEME, €:

G,-G,_ _1(RV RV
| RT, RT,

KbJeTO: G - KOJMMYECTBOTO Ha rasa, KOMTO ce OT/ie-
1 oT obopyaBaHeTo, kg/h; V' - obem Ha ra3oBara u
napoBb3AyIIHaTa (Baza B 06OpyaBaHETO, m’; R -
ra3oBa KOHCTaHTa 3a pabotHa cpena, J/(kg.K).

Ilpuemaiiku, ue T,=T =T, TOPHUAT U3pa3 I0-
6uBa BHUJA:
G= APV .

RT,

Koraro umcnurensT u 3HaMEHATeNss Ce€ YMHO-
xar ¢ P, W ce u3MON3Ba 3aBUCHMOCTTa 32
KOe(QHILMEeHTa 32 HEXEPMETHYHOCT M, ce Moiyya-
Ba:

G= (D,

T

).

G=m— 3).
PT 3)
ChIylacHO XapaKTePUCTHYHOTO ypaBHEHHE 3a ra-
P
30B€ O = —=—, MI0JIy4aBaMe, 4e:
Px RT y
G=mpV (4).

®opmyna (4) mo3BoJIsABa ONPEAETTHETO Ha KO-
JUYECTBOTO Ha OTACIAIUS ce OT 000pyIBaHETO
ra3 camMo B CIy4yaWTe, KOTaTO H3MHUTAHHETO 32
XEPMETUYHOCT CE MPOBEXKJA C ra3oBe C TaKaBa
TeMIiepaTypa, Ipu KosaTo B 000pyaBaHETO Iie Ob-
Jat B pabOTHO ChCTOSIHHUE.
3a Hansrane, mo-sucoko ot 200 kPa, ompene-
JISTHETO Ce M3BBPIIBA Mo (opMyIiaTa:

G =3600 fiy,, —

JRT

f - cymapHa miom Ha mpouema, m’; ¥ — xoedu-
HUEHT (3a AByTOMHHU rasoee Y, . =214 m"?/s;

)

3a TPM M 4YeTHpU aToMHH rasose Y . = 2,05

m"? /s . OIATHO € yCTaHOBEHO, Y€ MPU U3MHUTBAHE
Ha XEPMETHYHOCTTA HAJATAHETO B 0OOPYIBAHETO
HaMaJis 10 eKCIIOHEHIIHAJIEH 3aKOH:

Py=P,exp(-at), KbIETO a € NOCTOSHEH MHOMKHTEII,
3aBHCENI OT CTENEHTAa Ha XepPMETHYHOCT Ha 060-
pyzaBadero. Kato ce oTdeTe M3MeHEHHETO Ha



HAJIATAaHETO B 00OPYIBaHETO MO BpeMe Ha M3IHUTa-
HHMETO, KOJIMYSCTBOTO Ha OTAENAIMs ce 3a 1 dac
rase:

1
G =3600 fn//max.% [exp(-ar)dz  (6).
0

Crnen mpeoOpasyBaHUsl 3a CyMapHaTa IUIOLI Ha
IpoIcia Ce rnojrydaBa u3pasbT:
mV
f =
3600,/ Ry -T

Karto ce 3amectu mioira ¢ HEWHOTO PaBHO BbHB
(dhopmyua (6), mocaeaHaTa MPUA0OUBA BUIA!
mVP

G=

VR Ty R, T,
AKO M3NHUTAaHUETO CE TPOBEXKIIA MPU TEMIepaTypa
T,=293K, R,=Rp=286,6 J/(kg.K) u Te3u cToiiHOC-
TH c€ 3aMecCTAT B ypaBHeHHe (8), KaTo rasopara
KOHCTaHTa 3a pabOTHHsI ra3 ce U3pa3u 4pe3 MoJie-
KyJHaTa My Mmaca W Hajsrane P B Pa, me ce
MOy YH:

).

3).

. M »
G=12.10"mmVP_ |— 9),
T
P
KBJICTO # € KOe(DUIIMEHT Ha 3armac, pueMal| CToH-
HOocTH OT 1,5 nmo 2. 3a ra3oBU U MapOBB3AYLIHU
CMECH KOJIMYECTBOTO Ha BCEKHM Ta3 WM Iapa

(kg/h), oTnensimu ce OT 00OPYIABAHETO € PABHO:
G, =i.G (10),
KBJCTO i} € YacTTa Ha JAJCHUA Ta3 WM mapa B
cMecta, a G € 00II0TO KOJUYECTBO Ha OTICISIIUS
ce ras, u34ncieHo mno ¢popmyna (9).

Onpedensane KOIUYECMBOMO HA 8PeOHU Geuye-
cmea, omoensiu ce Om MexHOI02UYHO 000-
pyosare, pabomeuo noo 6axKyym:

O0opynBaHe, TOKCHYHATA Cpejia B KOETO Ce Ha-
mupa o BakyyMm a0 1000 Pa, ce sBsBa M3TOYHUK
Ha 3aMbpCsBAHE Ha BB3AyIIHaTa cpena. B.M.
OnpTepMaH pasriiexkna mpoleca Ha MOJICKYJIHA
nudy3us Ha THTSA HA TOTOK BB3AYX B HEIUTBTHOC-
TUTE HAa CTEHUTE Ha O000pyABaHEe, TOKCHYHATA
cpeia B KOETO ce Hammpa moj BakyyM. Cropen
HEro 3a MoJOOHHM M3YUCICHHS MOXE J1a C& M3IMOJI3-
Ba (popmyrara:

9
G = F3C, exp( Da

) (11).

[ToToksT B mpolieneHus kaHai € jJamuHapeH. OTt-
YUTAWKKA XapaKTePHUS 332 TaKbB MOTOK MPOQHI HA
CKOpOCTTa, DIbTepMaH M3BekKAa GopMyrna 3a om-
pellesisiHe KOJNIMYECTBaTa Ha BpEIHHM BEIIECTBA
(g/s), oTaensim ce 0T 000PYIBAHETO:
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e Axo BBTPCHIHOCTTA Ha MNPOHUKBAIIWUTE
nopu NpeacCTaBjiiBa KaHall CbC CCUCHUC, ONHM3KO

JI0 KPBT:
_JSGD’
8 a’
Axo BBTPCHIHOCTTa Ha MPOHUKBAIIHUTE
MOpY € KaHaJl ChC CCUCHHE HAa CUJIHO H3TErJICH
MPaBOBI'BIHUK:
o= 1 oD
28 a’
m

B ropuuTe W3pazu ca H3MON3BaHU CIEIHUTE
03HAUEHHS: f - CyMapHaTa IUIONI Ha Tpolena, m’;
Cy - KOHIICHTpalus Ha BPEIHUS ra3 B 000pyj-
BaHeTo, g/m’; D - koedHIueHT Ha audy3niTa Ha
rasa BbB BB3IyXa, M’/S; - 0CEBATa CKOPOCT B
KaHala, m/S; a - cpeHara JbDKUHA Ha KaHalla Ha
MIPOHUKBAIIUTE MTOPH, M.

Teil KaTo MPHU JaMHUHAPEH PEXKUM B KPBIIIH

G (12);

(13).

KaHanu cpegHara ckopoct 4 = 0,59, a B npaso-
broqan 9 = 2 3 &, TO 3aMecTBaliku BBB
dhopmymu (12) u (13), ce momy4ana:
2 22
G:lfcolz) :&sz (14)
2 Sa 2 La
2 2
G=1/GD" G D) (15),
3 Sa 3L\ a

kbaeTo L = 3 e KonmM4ecTBOTO Ha BB3/yXa, 3ac-

MyKBaII[ ce B 06opyaBarero, m’/s. Gopmymna (14)
MOJKE J1a Ce MPEJCTABU U BbB BHJA!

o 1G9

= 16),
2 Pé? (16)

KkbpeTo Pe = E e kputepui Ha [lekie.

HO-HpOCTI/ITe U3IUTAHUSA HE HJaBaT BB3MOXK-
HOCT 3a OmpejelsHe IUIOINTa Ha CEYCHHETO Ha
TIpoIIeTTa U CpemHaTa Jb/DKHHA Ha KaHajla Ha Mpo-
HHUKBAIIUTC HOpI/I.

3a 5a ce ompenenu KOJIUYECTBOTO HA OTIEIS-
IIATE C€ Ta30Be, ca HEeOoOXOoAMMH [Ba BHAA
NU3IIUTAHUA — aepOI[I/IHaMI/I‘-IHO, HpI/I KOCTO CE€ OII-
penens KOJIWYeCTBOTO Ha BB3yXa, U3CMYKBAII CE
B 000py/ZBaHETO B 3aBHCHMOCT OT BaKyyMma, U U3-
MATaHWEe, TPU KOETO HETOCPEACTBEHO Ce€ OIpe-
JESIT KOJMWYecTBaTa Ha OTICITHUTE BpPEIHU Be-
iecTBa OT 000pyABAHETO.

2.2. MeToanka 3a H3YHMCJIASIBAHE €MHCHHTE
HA BpeIHH BelIeCTBA NMPH MPOU3BOACTBOTO H
npepadorkata Ha HedTONpoAyYKTH, pa3pado-



TeHa or I'slaBHaTa reodmsmyecka odcepBaTo-
pusipusi Ha uMeTo Ha A.U. Boeiikos.

Emucunre Ha razose u napu (kg/h), otnensmu
ce OT alapary, peakTopu 1 KOJIOHHU, C& U3UUCIIABAT
o ¢opMyiara:

17=0,037(1011PV)"* % :

17),
KbJeTO: P - HansraHero B amapara, GPa; V' - o6em
Ha amapata, m’; My - cpeHa MOJIeKyJIHa Maca Ha
nmapute Ha HedromponykTuTe, g/mol; T - cpemHa
TeMIlepaTypa B anapara, K.

W3uucnsBane eMucHUUTE OT CHIOBE C €]I-
HOKOMITOHEHTHHU T€YHOCTH:

KommuecTBoTO Ha M3XBBpJIEHHUTE B aTMoche-
pata 3ambpcsBamu BemiectBa (kg/h) ot pesep-
BOApH 32 CMETKA Ha U3MAPEHUETO CE€ U3UMCISABA 110
(hopmynara:

I, =446V, | PMy (Ko + K )(K K (1-1))107 (18),

KbAeTo: V; — obeM Ha Te4HOCTTa B pe3epBoapa

npe3 roguHata, m’/ron.; M — MonekyiHa Maca
Ha MapuTe Ha TEYHOCTTa, g/mol; 1 — KoeduueHt
Ha e(eKTUBHOCT Ha Ta3 yNIaBsIIOTO YCTPOHCTBO HA
pesepBoapa; K.,Kq — Kopurupamu koeduuu-
€HTH, 3aBUCELIM OT HAJSraHETO Ha HACUTCHHUTE
Iapu ¥ TeMIeparypaTa Ha Ta30BOTO IPOCTPAHCTBO

T, » B CTyZEHO M TOIUIO BpeMe Ipe3 TOJMHATA;
K — xopurupami Koe(UIMEHT, 3aBUCEN] OT Hajs-
TraHeTO Ha HACUTCHHTE MapH, KOHTO CE OIpelnes
Tabimmano; K, — kopurupam KoedHUIUeHT, 3aBH-
cel OT TEXHHYECKOTO HHBO M peXHMa Ha
eKCIIIOaTaIMs, ChIIO Ce Oompenens TabauuHo; [ —

HaJsiTaHe Ha HACHUTEHHTE Mapu Ha TEYHOCTTA MPHU
temnepatypa 38°C, GPa.

[lpn mbeaHEHETO HA HEPTONPOMYKTH B XKeje-
30ITBTHM IMCTEPHH, CPEIHOTO KOJIMYECTBO HA
sutoctHUTE emucuu B atMocdepara (kg/h), ce uz-
YUCIISBAT 110 YPABHEHUETO:

11y, = 0,44V, PsM (Kge +Kgp)K(1- 77)10’9 (19),
VTLIH - roauiieH o0eM Ha HajauBaHAaTa TEYHOCT,

m’/ron.; K — xoedunuenr, 3aBucen or Hasra-

HETO Ha HACUTCHWTE Mapu | KIMMaTH4YHATA 30Ha,
KOWTO CE OTYHUTA TaOJIMIHO.

IIpu wm3mpa3BaHeTo Ha HEPTOMPOAYKTHTE B
JKEJIE30IIBTHU IIUCTEPHH, U3YHCIISIBAHETO Ha CPE/l-
HOTO KOJIUYECTBO HA ISUIOCTHUTE H3XBBPISHUS
BBB BB3aymiHaTta cpena (kg/h), ce m3BbpIBa MO
u3pasa:
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Iy, = 0,44V, RM(Kg —Kip) 107 (20),

VTU,H_ TOAUIICH o0eM Ha usnpasBpaHaTta TCHYHOCT,

m’/rox.
Omnpenensue Ha koeduienTa K :

33 Aa C€ onpeaciii TeMIepaTrypara Ha ra3oBOTO
OpoOCTPAaHCTBO HAa CbA4d, € HCO6XO,Z[I/IMO Ja ce pas-
nojlara ¢ JaHHU 32 CpPEeOHUTE TEMIIEpATypH Ha
HE(TOMPOAYKTUTE, HAMHUPALIN C€ B ChAa, 3a IIe-
CTTC Haﬁ—CTyHCHH U HaU-TOIUIH MECCIIM Ha
roaguHara. 321 HA3€MHHU MCTAJIHU W IIOA3CEMHHU XKC-
7e300€TOHHU pe3epBOapyu Te3W TeMIlepaTypHu ce
OTIpenensT o GopMyiuTe:
=Ko+ K, ot +K;t 2D

(22),

tFC

p-pa TCp-pa

l‘er,pa = Kip + Ky g + Ky gy

KBJIETO: [, M I,; Ca CPEAHOAPUTMETHYHUTE CTO-

pa’

WHOCTM Ha TeMmmeparypaTa Ha aTMochepHHS
BB3JlyX 3a LIECTTe Hal-CTyAECHU U HaH-TOIUIN Me-

°C K Ky, Ky

K1, K,;,K;; — xoedunuenture 3a mecrte Haii-

celd Ha TOJMHATA, 51

CTYACHU U Hal-TOILIN MECECIM Ha roayHara, KOH-

TO C€ OTYMTAT OT Tabmuia; f ut

TCp—pa TTp—pa
CpPEIHHATE TEMIEPaTypu Ha HEPTONPOAYKTHTE B
pe3epBoapa 3a IecTe Hal-CTyIEeHW W Hal-TOIUIH
Mecelr Ha roguHara, °C.

IIpu nbIHEHETO Ha TEYHOCTH B KENE30IBbTHU
LUCTEpHU TeMmIlepaTypara Ha Ta30BOTO IIPoO-

CTpaHCTBO C€ OIpeAcJIAa MO CIACAHUA HAYNH:

te =05t +t) (23)

Cemn

tr =05K,(t;+tr), (24),

I
KBJIETO: K4— Koe(HUIMeHT, KOHUTO 3a MOA3EMHU
pe3epBoapu ce nmprueMa 3a eIMHUIIA, a 32 HAJ36MHU
Ce OTYMTa TAONNYHO; f-H [r; — CPEAHOAPUTME-
TUYHU CTOMHOCTH Ha TeMIeparypara Ha Ted-
HOCTTA 3a IIIeCTTe Hai-CTy/IeHH W Hal-TOILTN Me-
cermn Ha TommHata, °C. llpm wm3mpasBaHeTro Ha

TCYHOCTHU OT JKCJIC30IIbTHU LUCTCPHHU, CpE€AHATa
TEMIICpaTypa Ha ra3oBOTO MPOCTPAHCTBO CC IIPU-

€Ma paBHa Ha Cp€aHaTa TEMICpaTrypa Ha
aTMOC(i)epHI/IH BB3AYX 3a CbOTBCTHHA ICPUOI:
Fenn - taC (25)
A (26).

Omnpenensne Ha Koeduiuenta K :



To3u xoeHIUEHT CHII0 ce OTYUTA TaOIMYHO,
B 3aBHCHMOCT OT Pa3MOJIOKEHUETO Ha MPEATPHs-
THETO/MHCTAJAUMATa B JaJcHa KJIMMaTH4YHA 30Ha,

OT HAJIIFaHEeTO Ha HacHTeHWTe mapu Pyu ot ,,00-
phllaeMocTTa Ha pe3epBoapa 7 :
VT
7

p-pa

n= 27),

KbACTO: VT_ obema Ha TCYHOCTTA, IIOCTHIIBAIllA B

7

bpa — O0EM

pe3epBoapa Ipe3 ToIuHaTa, m’/rox;
Ha pe3epoapa, m’.

OmnpenessiHe HAJIATAHETO HA HACHTEHHUTE IMapH
Ha TeyHoCTTa £ :

e 3a ¢/IHO KOMIIOHEHTHH TEYHOCTH CE€ OIl-
pexaens no ¢popmyiaTa:

B
log(1,33P,)=4A————,
g( %) 311-C

A,B u C - KOHCTaHTH, 3aBHCELIN

(28),

KbACTO :

OT MPUPOJIaTa Ha BEUIECTBATA.
H3uncisBane Ha EMHUCHHTE OT CHIOBETE C
MHOTOKOMITOHEHTHH TEYHOCTH:

KonuuecTBOTO eMUTHpaHM BPEIHH BEIIECTBA
(kg/h) oT chaoOBE, CHABPKAINIM MHOTOKOMITOHEHT-
HH TEYHOCTH, MOXKE J]a C€ U3YUCITH 1Mo (hopMmyJara:

,=1,C107°
C —

1

(29),

KBJICTO: MacoBa KOHIEHTpaUusi Ha i-THSA
KOMITOHEHT B TIapuTe Ha HeQTOMpOoAyKTHTE, %o 110
maca; [1 - IANOCTHHUTE M3XBBPISHUS OT CHOT-
BeTHUS chJ. V3uucisga ce no ¢popmyiu (18+20).

Hansranero Ha HacuteHute mapu P 3a MHO-
TOKOMITOHEHTHH TEYHOCTH /HE(QTONPOIYKTH/ Ce
OTYUTA OT TA0JIHIA, B 3aBHCUMOCT OT €KBUBAJICH-
THaTa TeMIlepaTypa Ha Hayallo Ha KHIICHE Ha
TEYHOCTTA:

Lo+ tKK _tHK
HK 8,8

KBAETO: [l Ul — TEMIEPATYpH Ha Kpal U Ha-

t =

€KB

(30),

yajo Ha
TeyHocT, °C.

KUIICHC Ha MHOI'OKOMIIOHCHTHATa

PE3VYJITATH U OBCBHXJIAHE

3a M34MCIABaHE EMHCHUUTE HAa BPEIHH BEIECT-
Ba, OTJEISIIN C€ OT TEXHOJIOTHYHOTO 00Opy/IBaHE
P POU3BOJICTBOTO M TpepaboTkara Ha HEQTOI-
PONYKTH, ca W3Y4YeHH U C€ U3MOJI3BaAT JBEC
METOJIUKH 33 U3YHCIISIBAHE:

e MeToauKa, paspaboreHa ot B.M. Dibrep-
MaH;

e MeTOoJuKa, IpeiyiokeHa ot ['maBHaTa reo-
¢usuuecka obcepBaTopuss Ha umero Ha AW
Boelikos.

Karo HeopraHusupaHu H3TOUHHUIM Ha 3aMbp-
CSIBAHE CE PA3rIICKIAT:

- peakTop OT WHcTramanus ,KatamurudeHn
KpeKHHT”: Dy .= 8,5 m; P = 0,19.106 Pa, IV =
598,39 m’; T, = 743°C /mpu cBeX KaTanusarop/;
T, =763,57°C /mpu ocrapsn xatanusaTop/; n = 2;
m = 0,04 1/h; mapora3oBa cCMeC - ChABbpPIKaIlA:
KpeKUHT ras; BakyyM aectuiaT (350-500°C); nex
ra3bolr;, TeKBbK T'a3b0JI; MUPKYJIUPAI ra3boi;, BOJI-
Ha rapa.

KonuuecTBOTO BpeaHU BEIIECTBA, EMUTHPAHH
OT TO3U O0EKT, CE U3YUCIISABA U 10 JBETE M3YUYCHU
MeToauKu. Pe3ynratute ca momecTeHu B Tabunia
1 u Tabauna 2.

W3uncneHusaTa 3a OMpeneNsHe KOJUYECTBOTO
Ha BpeJIHHU BENIECTBA, OTACIISIIIN Ce MPHU ChXpaHe-
HUETO MW TpaHCIOpPTa Ha HEPTONPOAYKTH, ca
HaIPaBEHU 0 METOJMKA, MpeiokeHa ot [ aBHa-
Ta reousznyecka obcepBaTopus Ha UMeTO Ha A.U.
Boeiikos.

Ta6auna 1. /TanHu 32 eMUCHUTE HA BPEIHU BEUIECTBA, EMUTHPAHU OT PEaKTOp OT MHCTAIanus ,,Kar.
KpeKWHT’, M3YUCIICHH 110 MeToInka Ha [ maBHara reodusmndecka obcepBaropus — A.M. Boeiikos.

No Tum Ha Bun u Mrl , D, V, P, Tep., 1I;,
amapata CHCTOSTHHE ke/kmol pas m’ Pa K kg/h
Ha Qrynna & m
IIPU CBEX
KaTaln3aTop
I. Peakrop [Tapora- 448035 8.5 598,39 1.9.10° 743 4,051
30Ba CMeC TIPU OCTAPSII
KaTaln3aTop
763,57 3,985
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Tadauua 2. J[aHHU 32 eMUCUHUTE HA BPEAHU BEILIECTBA, U3XBBPIICHHU OT PEAKTOP OT
WHCTaNanms ,,KatanuruaeHn KpeKuHr*, onpeaeneHy mo Meroankara Ha B.M. Dnprepman

Bupg Ha TeyHocTTa

®@ur. 1a Lsnoctau emucun (kg/h) ot sxxenesons-
THa LUCTEPHA C MHOTOKOMITIOHEHTHU TE€YHOCTH

(HedTompoayKTH)
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Ne M,, Dy v, P n m Ty, 11,
Tunna  Bwunu cberosiHue kg/kmol m m3 Pa 1/h K kg/h
amapara Ha paynzaa

IIPY CBEX
KaTaau3aTop
1. Peaxrop Ilaporasosacmec 4480,35 85 59839 1,9.10° 2 0,04 743 8400
IpY OCTapsuI
KaTalu3aTop
763,57 8,360
0,49
Ha ®urypu 1, 2 u 3 ca npuBeaeHH MONTy4eHU- £ 057
T€ pe3ylTaTH 3a U3YUCICHUTE EMUCUU HAa BPEIHU ¥ 051
F 04

BEILECTBA, OTAEIALIM CE HPU CHXPAHCHHETO H g ped

TpaHcnopra Ha Hedronpoayktu. Ha 1sx ca npen- % 03

CTaBeHU JIaHHWTE 32 EMHTUPAaHUTE BPEIHH 5 051 4

BEIIECTBA, W3XBBPJICHH OT CBHIOBE /pe3ep- § 029

£ 015
BOap/IIUCTEPHA/ C MHOTOKOMIIOHEHTHH TEYHOCTH. 3
: o] 0,02 0,004
g GeH3uHn ot [iTECT HEPOCHH Au3enoso
o bpBnyHa padmnar TopuBen
= B nNpy MbAHexe W npu W3inpaisaHe AecTunauua
S Ha HedTa
0,88
-Qi 09 - 0,83 Bup Ha TeyHoCTTa
30
C 08 -
07 1
2051 088 0463 @ur. 16 Lsnoctau emucuu (kg/'h) ot
5 05 - pe3epBoap ¢ MHOTOKOMITOHEHTHU TEYHOCTH
S04 /HepTONpOLyKTH/
15
£ 03 4
5 0,2 1 0,0023 0,0017 0,0036 0,0029 mOpu Thaene  ®npw wanpassane
3% /7 - -— 9,9 10
0 .
E DeH3uHM OT BeHzu HEPOCHH JIN3EN0B0 '
= MbpBUYHa padmHat ropME0
[ECTHALMA i
Ha HedTa 1

Maser 107, kg/h

0,0023 0,0017

0,0054 09,0081
. s

O = N Wb WU w Y D

GensnH
paduHaT

BeHsnHKM oT
MLPBHYHE
AeCTHNAUMA
Ha HedTa

HEPOCHH OM3enoe0

TOPHED

EMMCHW OT apOMarHK BbHNEBOROPOaH,

Bup Ha TeuHocTTa

®ur.2a EMucun oT apoMaTHU BBIIICBOIOPOIN
(kg/h) ot >xene3ompTHA IMCTEPHA C MHOTOKOMITO-
HEHTHH TCYHOCTH /HE(QTONIPOYKTH/



5,5

1,52

Mo 102, kg/h

0,002
=

0,0054

EMMCHH OT apOMarHM EbNeBop0poaH,

GeH3uH
padwpar

GeHIMHKM oT
MBPBAHHD
ABCTUAAUMA
Ha HedTa

HEPOCHH AH3EN0B0

TOPUBO

BupA Ha TeuHocTTa

®ur. 26 Emucun oT apoMaTHH BBIIICBOAOPOIN
(kg/h) ot pe3epBoap ¢ MHOTOKOMITOHEHTHH TE€Y-
HOCTH /HEPTONPOTYyKTH/

B HePOCHH AH3IEN0OR0 ropyan

09
08
0,7
0,6
0,5
04
03

0,2 0,12

0,1

npu HINPAIBaHe
Hi UMCTERHA

0,1

Emucum or ceposogopaog, , Nc.10%kg/h

NP NBAHEHE Ha
UMCTEpHA

oT pesepnoap

®@ur. 3 Emucuu ot cepoBopopon (kg/h) u
3XBBPJICHU B aTMOC(epara OT )KeJIe30IIbTHA
[UCTepHA/pe3epBoap ¢ MHOTOKOMIIOHEHTHH TeU-
HOCTH /HEPTONPOTYyKTH/

3AK/IIOYEHHUE

B pesynrar Ha mpoBEeACHOTO H3CIEABAHE U
MOJYYCHNUTE PEe3yJITaTH MOXKE J1a HAIPaBUM CIIe]I-
HOTO 3aKJIFOYEHHE!

Wzydenu ca u ca NpUI0OKEHN METOAUKH 32 U3-
YHCIIIBAaHE €MHCHHMTE Ha BPEIHHU BEIIECTBa, W3-
XBBPJIEHH OT TEXHOJOTMYHOTO OOOpyIBaHE IPH
HedTonpepadboTKara.

B pesynraT Ha TOBa ¢ IocTaTh4HA 3a MPAaKTH-
YEeCKUTE H3YHCICHHS TOYHOCT Ca OINpeAeTIeHH
EMHCUHUTE Ha BPEIHM BEIIECTBA M MOXE Ja CCE
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IPOTHO3HMPa 3aMbPCSBAHETO HA TPH3EMHHS Bb3-
IyIIEH CJIOM.

[Mony4yenute ca pesynTatd 3a KOJUYECTBATA
BPEIHU BEIIECTBA, EMHUTHUPAHH OT TEXHOJO-
TMYHOTO 00Opy/IBaHE MPH MPOU3BOACTBOTO, Mpe-
paboTKaTa, CHXpaHEHHETO M TpaHCIOpTa Ha
HeTonpoaykTtu. KaTo HeopraHusupanu H3TOY-
HHIM HAa 3aMBPCSIBAHE ca pasIiIeaHu TPU 00eKTa:
peaxkTop OT MHCTanauus ,,KataluTuiaeH KpeKuHr”,
pes3epBoap U HUCTEpHA.

OOcTOHHOTO aHanu3upaHe Ha (QOPMYIHUTE 3a
M3YNCISIBaHE TIOKa3Ba, Y€ NP IOBHIIaBaHEe o0e-
Ma Ha ChAa HAJAraHETO HA HACHUTEHHUTE MapH
Ps(38), MmonekyHaTa Maca Ha TapuTe Ha HeTO-
HPOIYKTHTE W KOS(HUIINEHTHUTE, 3aBUCEIIH OT THX,
E€MICHUTE Ha BpEIHH BEIIECTBA CHINO CE YBENH-
YaBaT 3HAYUTEIHO.

[To BpemMe Ha TPAaHCIOPTHUTE H CKIAJ0BU
orepanuu 3aryoute oT HeQTONPOIYKTH ca TIaB-
HO B pe3yJTaT Ha HEU3NPABHOCTH B pa3iuvHaTa
armapaTtypa /Te4oBe Ha KpaHOBE M YIUIBTHEHUS,
Pa3NMBH U MPEHACSIHUS C OTKPUTHU CHIOBE H T.H./.
ETo 3amo KonM4ecTBeHUTE U Ka4eCTBCHHUTE 3ary-
On Ha He(TeHHTE TOpUBAa NPH TPAHCIOPTHH,
CKJIQJIOBH W TPEIBAPUTEIHN OIEPALUH MOXKE
3HAYMTENTHO Jla C€ HamalsiBar, ako MEePHOIUYHO
ce TNpoBekAa MPO(UIAKTUYHO MOALBp)KAaHE Ha
o0opyaBaHeToO.
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EFFECTS OF DIFFERENT STARTER CULTURES ON THE SENSORY
CHARACTERISTICS OF THE RAW-DRIED MEAT PRODUCT STRANDZHANSKO
DYADO
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ABSTRACT

The study presents the evaluation of the sensorial characteristics of the Strandzhansko dyado
product to which starter cultures were added. The method used was the point-scale method, values
between 0 and 5 were attributed to each characteristic, according to STAS11061-88 and comparing
them to samples with no starter culture addition. The sensorial analysis was made on products de-

clared as finished by a group of 5 experts.

Key words: raw-dried meat products, microorganism starter cultures, sensorial characteristics

INTRODUCTION

The starter cultures used in the composition

of raw salami are usually lactic bacteria (lactoba-
cilli, pediococci, streptococci, micrococci),
moulds and rarely sediments/yeast, used for con-
trol of the fermentation process, resulting in an
even product that is safe for the consumer. Their
addition is made in order to:
direct some biochemical processes by which a
certain degree of innocuousness is guaranteed
for the product, thus negatively influencing
the development of pathogenic and alteration
microorganisms and by inhibiting the forma-
tion of some toxic substances (biogenic
amines and carcinogenic nitrozamines)
guarantee some sensorial characteristics: fla-
vour, colour, consistency [5, 6].
The microorganisms used for the biotechnol-
ogy of the fermented meat products are very
diverse but their roles are clearly defined for the
different stages of the technological process, thus
contributing to the end product specificity;

Depending on the main action undertaken,
starter cultures can be categorized as follows:
acidic cultures, cultures that lead to the formation
of colour and flavour, cultures for surface cover-
ing, cultures for bio-protection [3, 7, 8]. For the
present study we used cultures from the first two
categories: acidic cultures made up of lactobacilli
and pediococi, the Lactobacillus, Pediococcus
types. Cultures leading to colour and flavour
formation: consisting of the Staphylococcus type.

The ripening-drying process at 25°C and the
addition of nitrites, nitrates and NaCl, individu-
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ally or combined, inhibit the developing of the
Salmonella and Clostridium (Clostridium botuli-
num) bacteria. The water activity reduction from
0.96 to 0.86 during this process also leads to the
product’s stabilization, by controlling the devel-
opment of unwanted bacteria such as Clostridium
and Staphylococcus aureus. In the case of the
salami with long-term ripening and drying proc-
esses, the probability that these products contain
enterohemorrhagic Escherichia coli is smaller
than for the products with a short ripening-drying
process, because the water activity reduction has
a lethal effect on these bacteria [2, 4, 8].

EXPERIMENT

In order to make the determinations we pro-
duced bulks (2 - 3 kg/bulk) of raw-dried Stran-
dzhansko dyado, the composition fermentation
being achived by means of three starter culture
types, which are displayed in Table 1. The starter
cultures available on the market at the moment
assure the addition of some quality-adequate
microorganisms and in sufficient quantity in
order to develop the wanted fermentation. Dur-
ing the fermentation process a drop of the pH
value occurs as a result of sugar conversion into
lactic acid. Thus a gradual degradation of the
pathogenic flora and unwanted microorganisms
takes place. The acid medium also contributes to
the nitrite’s rapid reduction, which is initially
added for stability of the red colour of the fin-
ished product.



The sausage formulations were made from
basic components and adequate ingredients for
100 kg composition, displayed in Table 2.

Table 1. The starter culture types

Microorga- Use for
Bulk  Name of culture nisms/Culture 100g/kg
SD1 1631a ktoferment S.carnosus 50
SD2  Rowu-Ferm S.carnosus 60
L.plantarum
SD3  Biobak Sal Plus - Plantarum. 50
P.acidilactici

The diagram of technological processing of
Strandzhansko djado shows the following stages:
cooling, leaving in the drying, airing, drying and
ripening.

Table 2. The raw-dried sausage formulations’
components (Strandzhansko djado)

obtained for each qualitative attribute are shown
in Table 3.

Table 3. The medium average of the analysed
bulks

Bulk Shape Consis
and Color tency  Smell  Flavor
Sausages
aspect
SD Witness 3.8 3.8 3.6 3.8 3.8
SD1 44 4.8 44 4.8 4.8
SD2 44 44 4.6 4.6 4.6
SD3 44 4.0 4.6 42 4.2

Component/ Quantity, kg
ingredient -
SD1 SD2 SD3 Witness
Pork-Qual- 4, 70 70 70
ity I:
Partially
fatty pork 30 30 30 30
Salt 3.000 3.000 3.000 3.000
Nitrite 0.015 0.015 0.015 0.015
Savory 0.400 0.400 0.400 0.400
Red pepper 1.000 1.000 1.000 1.000
Chilli 0.150 0.150 0.150 0.150
Sugar 0.200 0.200 0.200 0.200
Starter n " n _
culture
RESULTS AND DISCUSSION

The evaluation of sensorial characteristics in
Strandzhansko dyado was made by using the
hedonic scale with a starter culture addition of
Staphylococcus carnosus (SD1), Staphylococcus
carnosus combined with Lactobacillus planta-
rum (SD2) or Lactobacillus plantarum associ-
ated with Pediococcus acidilactici (SD3). This in
turn was compared to samples with no starter
culture addition.

The sensorial analysis was made by an expert
group (consisting of 5 experts: 2 veterinary sur-
geons and 3 food industry specialists) on prod-
ucts declared finite, by using a five-point scale
for every palatable sensorial indicator of raw-
dried sausages, flavour, smell, colour, consis-
tency and general aspect. The statistical data
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The exterior aspect of the Strandzhansko dy-
ado was characterized by specific shape typical
for products, even, with a clean surface, with no
air holes or excessive fat or water content at the
products’ edges. The cover was adherent to the
composition for each product.

On cutting the witness sausage sample recur-
rent fat amounts and small air holes were no-
ticed, which led to its being ranked at an average
3.8 points.

The colour of the Strandzhansko dyado with
starter culture addition developed much faster
and was more intense than that of the samples
with no starter culture addition. The strong and
fast acidification of fermented sausages composi-
tions accelerated the chemical reactions as well
as the biochemical reactions for the degradation
of the nitrite added into NO, a product involved
in the making of the pink-reddish colour by
forming the nitrozomioglobine components. For
the Strandzhansko dyado with a Staphylococcus
carnosus (SD1) addition the group of experts
noticed the development of a more pleasant col-
our and the products received the highest score
(4.8 points). It is also possible that the bulks with
an addition of Staphylococcus carnosus com-
bined with Lactobacillus plantarum or Lactoba-
cillus plantarum associated with Pediococcus
acidilactici as a result of strong acidification,
rapid drop of the pH level (below 5.6). The ni-
trite must be converted in high proportions into
NO and a part of this reactive product must dis-
appear from the complex matrix of the products
obtained by means of volatilization and the sa-
lami colour must be pale red. With a pH value
under 5.2 the NO formation is virtually inhibited
[1,3]. The colour development for all experimen-
tal bulks had a positive correlation with lactic
acid accumulation in the sausage matrix and with
the pH drop, the bacteria growth and the nitrite’s
disappearance from the system. Basically, the
colour formation took place during the initial
production stages i.e. fermentation and smoking,



when the medium conditions were favourable to
the development of chemical and biochemical
reactions that are involved in the meat pigments’
conversion into salt pigments.

For the colour formation in the Strandzhansko
dyado witness sausages, only the following were
used: the enzymatic meat equipment and the one
secreted from the microflora of the raw-dry sa-
lami components prone to spontaneous contami-
nation. The microflora consists of lactic acid
bacteria, micrococci, staphylococci, pediococci,
yeast, enterobacteria and other microorganisms.

The consistency - the main physical-chemical
change that occurs during the ripening process of
the raw salami and sausages is the composition’s
tying up i.e. the raw formula transformation into
a bound, form, elastic structure, typical for a
finite product. To the restructuring of the raw-dry
salami and sausage components the following
contributed: the formula acidification, salt con-
centration, water  evaporation,  especially
throughout the last drying phase.

The texture characteristics of the Strandzhan-
sko dyado were conditioned by the presence of
the starter culture product matrix and their na-
ture. The texture had a better development as a
result of the addition of starter cultures with a
great acidification capacity such as Lactobacillus
plantarum and Pediococcus acidilactici. The
averages for the consistency indicator were the
highest in the case of all bulks where these start-
er cultures were included in the formulations (4.6
points). The samples for both product types had a
lower consistency compared to those with a
starter culture addition (3.6 points for the Stran-
dzhansko dyado, reference sample). The devel-
opment of the texture in the salami and sausages
had a positive correlation with the multiplication
of the acidolactic bacteria, the formula acidifica-
tion, with the salt concentration growth in the
medium, with product humidity drop and con-
centration of some substances (proteins and lip-
ids). The obtained average on sensorial consis-
tency testing are tantamount to the results ob-
tained by appreciation of the texture formation
by calculating the protein/water coefficients and
the protein/(water+fat). These coefficients
evolved positively as the products ripened and
dried. The sausage firmness growth and the im-
provement the slicing capacity had progressed
throughout the entire fabrication process but
differently, all depending on the starter culture
used.

Flavour and Smell - the chemical and bio-
chemical changes, that occur during the ripening
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phase of the fermented and dry salami, which
determine the development of the flavour and
smell in finite products, refer to the composits’
acidification determined by the glucid’s turning
into lactic acid by lactic bacteria and the nitrite’s
reduction to NO by micrococcus, as well as the
change of most of components (protein, lipids).

The micro-organisms development in salami
combined with the endogenous enzyme activity
are responsible for the development of an impor-
tant number of aroma components and for sapid-
ity.

Salt, added to the initial composition contrib-
utes largely to the raw-dry sausage aroma. This
ingredient’s level rose progressively, most nota-
bly during last stage of drying and ripening while
the water was evaporated.

According to our results, the Strandzhansko
dyado with a starter culture addition had an
equally general acceptability degree (4.4 points),
superior to the witness sample (3.8 points). The
final score set on the basis of the total medium
score, is compared to a scale from 0 to 20 points,
displayed in table 4.

The Strandzhansko dyado with a starter cul-
ture addition had modified flavour profiles com-
pared to the samples. The Strandzhansko dyado
bulk with a Staphylococcus carnosus starter cul-
ture addition (4.8 points for both indicators)with
a slightly picante flavour was the most appreci-
ated from the taste and flavour viewpoints. This
is followed by the Strandzhansko dyado with a
starter culture addition had modified flavuor
profiles compared to the samples with a Staphy-
lococcus carnosus combined with Lactobacillus
plantarum (4.6). The combination of Lactobacil-
lus plantarum and Pediococcus acidilactici (4.2)
led to the development of a predominantly acid
aroma.

Table 4. Qualitative attribute by the medium
total average

Experimental The medium Qualitative

Bulk Sausages total average attribute
SD Witness 16.03 Good
SD1 18.68 Very good
SD2 18.12 Very good
SD3 17.24 Good

According to the results displayed in Table 4,
the Strandzhansko dyado bulk with a singular
starter culture addition or in mixed were quali-
fied on a scale from good to very good, the last
one being given to the bulks of raw sausages
with Staphylococcus carnosus addition and to the



bulk with a mixture of Staphylococcus carnosus
and Lactobacillus plantarum.

Conclusion

The analyzed raw-dried salami had a firm and
elastic texture, an adequate colour for every sec-
tion, acid aroma and little noticeable ripening
smell, typical characteristics for short-term ripen-
ing products. An important component for the
product flavour is the lactic acid, obtained during
the fermentation process. The sensorial analysis
confirms the obtained results of physical-
chemical and microbiological analyses during
the stages of technological processing of the
experimental bulk raw-dried sausages made with
starter cultures.
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ABSTRACT

The influence of structuring agents — xanthan gum, guar gum and carboxymethylcellulose, on the
quality of gluten-free donuts from amaranth flour and different types of starch has been investigated.
The gluten-free products with additional structuring agents possess regular shape, specific color of
the crust, average porosity, good chewability without a feeling of fat, pleasant sweet taste with a

specific balanced flavor and acceptable aftertaste.

Key words: gluten-free flours, gluten-free donuts, gluten-free diet, celiac disease, amaranth flour,

Structuring agents

INTRODUCTION
Celiac disecase is a disecase of the
gastrointestinal tract. Symptoms as nausea,

diarrhea, cramps, weight loss in adults and
stunting in children are observed as a result of
dysfunction of the intestinal system [1, 3, 4, 11,
15, 18, 21]. These symptoms are expressed in
cases where patients take foods which contain
gluten [1, 4, 11, 12, 15, 18]. It affects one out of
100 people worldwide [14]. Gluten is a protein
component of wheat flour. It has two main
fractions - gliadin and glutenin [17]. People with
celiac disease are sensitive to the gliadin fraction
[24].

Celiac disease can be treated only by
observing a gluten-free diet, which allows the
gastrointestinal tract to cope while preventing
further damage to the villi [18]. Adaptation to a
gluten-free diet is often challenging for celiac
sufferers, because many foods contain gluten
(pasta, cereals breakfast, snacks) or include
gluten-containing cereals as thickeners or fillers
(soups, sauces, puddings). Gluten-free food
products are increasingly popular in recent years
due to the large percentage of people with celiac
disease and the only way for treatment — the
gluten-free diet.

Fried foods are part of the diet for all ages,
cultures and societies. They represent a multi-
billion industry that continues to grow [20, 22].
Fried foods are widespread and accepted because
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of their relatively low cost [23] and pleasant
sensory qualities [16].

Fried products are characterized by a golden
hue on the upper surface. They have a thin and
elastic crust with very good chewability. The
crumb structure is most often uneven, with large
and medium-sized pores [2, 6]. The aroma and
taste are specific, characteristic of the type of
heat treatment - frying [2, 6].

Donuts are one of the most popular fried
products. They are consumed as a main breakfast
and between meals. Their main characteristics
are: intensely colored red golden brown crust,
typical aroma and taste, elastic crumb without
signs of fat, with very good chewability [2, 6].

EXPERIMENT

Materials:

The research  was  carried
commercial amaranth flour produced by
"Avgeri" Ltd., Sofia. The most important
physicochemical parameters are: moisture
13.3%; pH - 4.0 °H; ash content - 2.12% dry
basis; protein content (N x 5.7) % on a dry
substance - 11.3.

The additional raw materials imported into
the dough are:
drinking water — BSS 2823-83 and
Ordinance Ne9 of the Ministry of Health from
16.03.2001 for the quality of water intended for

out with
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drinking and household needs (SG. 30 / 2001)
[8];

- salt — BS 3247: 1991 and (Ordinance Ne
23/2001) requirements for the composition and
characteristics of salt for food (SG br.11/ 2001)
[9%;

- compressed yeast, complying with BSS -
483-90;

- yogurt, fat 2%, complying with BSS 12-82;

- dry lactose-free milk;

- sunflower oil, complying with BSS-177;

- butter, complying with TD 02-2002;

- eggs, complying with BSS 358-83;

- crystal sugar, complying with BDS 390-79;
TD 002 - 2006;

- cornstarch, complying with TD 07-04;

- tapioca starch, complying with Ordinance
Ne 8 of 16 April 2002 on the requirements for the
use of food additives [7];

- baking powder, complying with Ordinance
Ne 8 of 16 April 2002 on the requirements for the
use of food additives [7];

- baking soda (E500ii) - sodium hydrogen
carbonate complying with TD 10-06;

- vanilla complying with TC 17-02;

- guar gum (E412), xanthan gum (E415) and
carboxymethylcellulose complying  with
Ordinance Ne 8 of 16 April 2002 on the
requirements for the use of food additives [7];

Methods:

A base formulation whose quantitative
composition is given in Table 1 was used for the
preparation of amaranth donut.

Table 1. Recipe for donuts

Ingredients Quantity,
%
Amaranth flour 60
Tapioca starch 20
Corn starch 15
Mod. starch 1414 5
Bread yeast 7
Salt 1.2
Yoghurt 40
Sugar 6
Baking powder 1.3
Bicarbonate of soda 0.5
Vanilla 0.01
Egg 10
Water 18.6

The donuts were prepared by the following
method: the donuts dough was made by the
single-phase method of kneading (the dough had
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a final temperature of 28 - 30° C and matured at a
relatively high temperature for this stage 32 - 35°
for 1.0 — 1.5 hrs). This procedure was used in
order to intensify the fermentation processes still
in its initial phase. Then the dough pieces were
divided and rounded. The rounded pieces
matured for 15 min at room temperature and
were afterwards formed and placed for final
fermentation at the following parameters: 32 —
34° C for 40 — 60 min. The process of frying was
at 170 — 180° C for 5 — 6 min.

Specific volume, cm3/g - the ratio of the
volume to the mass of products;

Porosity — by the widely accepted method
of Jacobi.

Sensory analysis:

Sensory analysis was conducted according to
ISO 6658 by developing sensory profiles [10,
19].

The new products were assessed by the
profile method of 12 pre-evaluators for the
following indicators: appearance, color, friability
(lack), crunchiness, flavor, chewability, taste,
and aftertaste.

Before carrying out the assay, evaluators were
prepared as required by the test procedure. Each
evaluator was applied on a tasting card values
characterizing the power of perception for each
property.

The results were processed with classical
statistical methods to determine the average and
standard deviation level of significance p< 0,05
[3].

The indicators used for touch analyses
were: form, color of the skin, aroma, porosity,
taste, chewability, aftertaste, lack of fat feeling
and the intensity indicators from 1 to 9 are as
follows:

1 — absent;

2 — subtle - very bad;

3 — slightly perceptible - averagely bad;

4 — average perceptible;

5 — perceptible;

6 — average;

7 — average strong;

8 — very strong;

9 — exceptionally strong (excellent).

RESULTS AND DISCUSSION

The main purpose of getting donuts from
amaranth flour and different starches has been to
research the effects of different types of
structuring agents and identify the most
appropriate amount of them to achieve good taste



and technological results. The study was
conducted using varying amounts of xanthan and
guar gum, carboxymethyl cellulose and their
complex use. The finished products were
qualified by physical characteristics and by
conducting sensory analysis.

The technology for the preparation of the
products is described in the section Methods. The
times of maturation and final fermentation of the
donuts are 15 min and 60 min, respectively.

The abbreviations of the analyzed samples is
as follows:

A — control sample;

X1 — sample with 1% xanthan gum,;

X2 — sample with 2% xanthan gum;

G1 — sample with 1% guar gum;

G2 — sample with 2% guar gum;

CMCI — sample with 1% carboxymethylcell.;
CMC2 — sample with 1% carboxymethylcell.;
XGCMC — sample with 0.5% xantan gum, 0.5 %
guar gum and 1% carboxymethylcellulose.

Physical characteristics of donuts with
structuring agents:

Table 2 presents the results of identifying
indicators (mass and volume) of donuts from
amaranth flour and starches of different types
and amounts of structuring agents.

The quantitative indicators of the donuts are
almost constant - significant changes in the mass
of the final products has not been identified. It
varies in the range of 49 — 52 g. the introduction
of structuring agents causes an increase in the
volume of donuts. The largest volume is obtained
by introducing XGCMC, respectively 75 cms.
The difference between the volumes of the
control donut and those with imported XGCMC
in percentage is 15.6, which is evident from the
overall increase.

Table 2. Quantitative indicators of donuts

SAMPLES  Mass, g Volume cm3
A 49.5 63.3
X1 50.0 68.5
X2 52.0 71.8
Gl 49.5 70.5
G2 51.2 73.0
CMCl1 50.5 67.3
CMC2 50.0 68.1
XGCMC 49.5 75.0

The results of the research of the specific
volume of the sample donuts are presented in
Figure 1.
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Fig. 1. Influence of structuring agents on
specific volume of donuts from amaranth flour

It has been found that the specific volume
index has higher values in all tested samples. The
highest specific volume was obtained in the
sample XGCMC, namely 1.52 cm3s/g. The
difference between the volume control donuts
and those with XGCMC in percentage was
15.78, which clearly shows the overall increase.
This indicates that the imported structure-
specific substances increase the volume of the
samples and the quality of the donuts improves.
After statistical treatment of the data it is found
that the standard deviation of the sample is +
0.068.

Fig. 2 shows the results of determination of
porosity of donuts from amaranth flour and
starches of different types and amount of
structuring agents.
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Fig. 2. Influence of structuring agents on
porosity of donuts from amaranth flour

It was found that the porosity indicator has a
higher values in all tested samples, the highest
value was obtained again in the sample XGCMC,
namely 53.5 %. The difference between porosity
of the control donuts and those with XGCMC
expressed as a percentage is 25.2. This indicates
that the imported structuring agents increase the
porosity of the samples from which it follows
that the quality of the donuts improves.



Sensory characteristics of donuts from
amaranth flour with structuring agents.

Following a field sensory analysis (Fig. 3), it
was found that the appearance of donuts is
specific, with visible light cracking in the upper
crust. The color of all samples is intense. The
higher quality of the samples of all types and
levels of the structuring agents render an account
and by the porosity index - crumb is perceived as
more developed. The difference in scores
between samples achieves 2 units.
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Fig. 3. Sensory analysis of donuts from amaranth
flour and structuring agents

The flavor characteristic of the donuts is
well pronounced, typical for the taste and aroma
of amaranth flour. The crumb is quite wet due to
the relatively high water absorption of amaranth
flour with structuring agents. By increasing the
amount of structuring agents, the chewability of
the donuts is improved, and the best results are
obtained in the sample XGCMC. The donuts
have a perceptible aftertaste and a slight feeling
of fat.

The higher volume for samples with
structuring agents is due in all probability to the
elasticity of the dough and the better retention of
gas by the amaranth dough in combination with
them.

From the results of the assessment it is
established that by using a combination of
structuring agents (XGCMC) the disadvantages
of gluten-free donuts are brought down to a
satisfactory level. The addition of a combination
of structuring agents causes an increase in the
volume, as a result, and the specific volume of
the products. Following a field sensory analysis
to establish the quality of the samples with
regards to porosity, the crumb is seen as more
developed.
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ABSTRACT

The present paper offers an investigation of behavior of a low-octane component in different gaso-
line blends. The possibilities for applying the low-octane component in gasoline blends and its effect
in gasoline mixtures of different chemical composition have been proved.
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INTRODUCTION

Gasoline is a refined product of petroleum
consisting of a mixture of hydrocarbons, addi-
tives, and blending agents. The composition of
gasoline varies widely, depending on the crude
oils used, the refinery processes available, the
overall balance of product demand, and the
product specifications. The typical composition
of gasoline hydrocarbons (% volume) is as fol-
lows: 4-8% alkanes; 2-5% alkenes; 25-40% iso-
alkanes; 3-7% cycloalkanes; 1-4% cycloalkenes;
and 20-50% total aromatics (0.5-2.5% benzene).
Additives and blending agents are added to the
hydrocarbon mixture to improve the performance
and stability of gasoline. These compounds in-
clude anti-knock agents, anti-oxidants, metal
deactivators, lead scavengers, anti-rust agents,
anti-icing agents, upper-cylinder lubricants, de-
tergents, and dyes. At the end of the production
process, finished gasoline typically contains
more than 150 separate compounds although as
many as 1,000 compounds have been identified
in some blends [1-3].

The properties of commercial gasoline are in-
fluenced by the original crude oil, the refinement
processes and the presence of additives, which
are added for the purpose of improving the per-
formance and reducing to emissions of automo-
bile vehicles.

The aim of this investigation is to study a
low-octane gasoline component in different
gasoline blends and its effect.

EXPERIMENTAL

All chemicals used were of analytical reagent
grade (AR) and of the highest purity degree
available.

Gasoline is usually defined by government
regulation, where properties and test specifica-
tions are clearly defined.

We prepared eight gasoline blends with
known octane number about 92. 0. The chemical
composition of the probes is given in Table 1.

Table 1. Chemical composition of probes

Content, % v/v

Ne  probes
CR CCFR alkylate MTBE

1 probe 1 28 58 12 1

2 probe 2 27 58 12 1

3 probe 3 26 58 12 1

4 probe 4 25 58 12 1

5 probe 5 30 56 12 1

6 probe 6 30 56 12 1

7 probe 7 29 56 12 2

8 probe 8 29 56 12
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The data in Table 1 showed mainly that the
component content was the following: gasoline
fraction from catalytic reforming /CR/, gasoline
fraction from catalytic cracking /CCFR/, alkylate
and MTBE. In each mixture from 1 to 4 % (v/v)
low octane gasoline component was added.

Distillated characteristics were measured by a
standard method: A 100 mL sample was placed
in a round bottom flask and heated at a rate
specified for samples with its vapor pressure
characteristics. Temperatures were recorded
when the first drop was collected (initial boiling
point), at recorded volumes of 5 mL, 10 mL,
every subsequent 10mL interval to 90 mL, 95
mL and at the end of the test (end point). For
gasoline samples, the temperatures associated



with each incremental volume percentage recov-
ered were converted to temperatures for each
incremental volume percentage evaporated by
correcting for any sample loss during the test.

Density was measured by standard method
BSS EN ISO 3675, too.

Read pressure standard methods was: The
chilled sample cup of the automatic vapor pres-
sure instrument is filled with chilled sample and
was coupled to the instrument inlet fitting. The
sample was then automatically forced from the
sample chamber to the expansion chamber where
it was held until thermal equilibrium at 37.8°C
(100°F) was reached. In this process the sample
expanded to five times its volume (4:1 vapor to
liquid ratio). The vapor pressure was measured
by a pressure transducer. The measured vapor
pressure was automatically converted to a pres-
sure by Reid value by the instrument. A correc-
tion to this value was necessary to account for
the observed bias between the test result and that
obtained by BSS EN 12.

Gum content was measured as follows: A
measured quantity of fuel was evaporated under
controlled conditions of temperature and flow of
air or steam. For aviation gasoline and aviation
turbine fuel, the resulting residue was weighed
and reported as milligrams per 100 mL. For mo-
tor gasoline, the residue was weighed before and
after extracting with heptane and the results re-
ported as milligrams per 100 mL.

Standard method for corrosion: A polished
copper strip was immersed in a given quantity of
sample and heated at a temperature (50° C) and
for a time (3 hours) characteristic of the material
being tested. At the end of this period the copper
strip was removed, washed, and compared with
the BSS EN ISO 2160 copper strip corrosion
standards.

Lead content, sulfur content and octane num-
ber were measured by standard methods in SGS-
Bulgaria Ltd.

RESULTS AND DISCUSSION

The following tables give the physicochemi-
cal properties of the investigated gasoline blends.

Table 2. Physicochemical properties of gasoline
probe 1

Parameters Value
1. Octane number

-RON 92.5
-MON 83.5
2. Density at 15 °C, g/em’ 0.752
3. Distillated characteristics
-to 70 °C, % v/v 22.0
-to 100 °C, % v/v 43.0
-to 150 °C, % v/v 79.5
-end point, °C 203
-residue, % v/v 1.8
4.Reid pressure, kPa 58.4
5.Lead content, g/dm’ <0.005
6.Sulfur content, mg/kg 8
7.Gum content, mg/100 cm’ neal
8.Corrosion, bal la

Table 3. Physico chemical properties of gasoline
probe 2

Parameters Value

1. Octane number
-RON 92.5
-MON 83.3
2. Density at 15 °C, g/em’ 0.750

3. Distillated characteristics
-to 70 °C, % v/v

-to 100 °C, % v/v 43.0
-to 150 °C, % v/v 56.0
-end point, °C 86.0
-residue, % v/v 199.0
1.8
4.Reid pressure, kPa 62.3
5.Lead content, g/dm’ <0.005
6.Sulfur content, mg/kg 8
7.Gum content, mg/100 cm’ neal
8.Corossion, bal la

Table 4. Physicochemical properties of gasoline
probe 3

Parameters Value

1. Octane number
-RON 92.3
-MON 83.1
2. Density at 15 °C, g/cm’ 0.748

&3



3. Distillated characteristics
-to 70 °C, % v/v

-to 100 °C, % v/v

-to 150 °C, % v/v

-end point, °C

-residue, % v/v

4.Reid pressure, kPa

5.Lead content, g/dm’
6.Sulfur content, mg/kg

7.Gum content, mg/100 cm’

8.Corrosion, bal

39.5
55.0
84.0
197
1.8
64.2
<0.005
7
neal
la

Table 5. Physicochemical properties of gasoline

probe 4

Parameters Value
1. Octane number

-RON 92.2

-MON 83.1

2. Density at 15 °C, g/cm’ 0.745

3. Distillated characteristics

-to 70 °C, % v/v

-to 100 °C, % v/v 46.0

-t0 150 °C, % v/v >8.0

-end point, °C 86.0

. 195

-residue, % v/v 1.8

4.Reid pressure, kPa 62.1

5.Lead content, g/dm’ <0.005

6.Sulfur content, mg/kg 6

7.Gum content, mg/100 cm’ neal

8.Corrosion, bal la

Table 7. Physicochemical properties of gasoline
probe 6

Parameters Value
1. Octane number
-RON 92.2
-MON 83.1
2. Density at 15 °C, g/cm’ 0.748
3. Distillated characteristics
-to 70 °C, % v/v
-to 100 °C, % v/v 45.0
-to 150 °C, % v/v 53.0
-end point, °C 86.0
. 195
-residue, % v/v 1.8
4.Reid pressure, kPa 62.1
5.Lead content, g/dm’ <0.005
6.Sulfur content, mg/kg 6
7.Gum content, mg/100 cm’ neal
8.Corrosion, bal 1A

Table 6. Physicochemical properties of gasoline

probe 5
Parameters Value
1. Octane number
-RON 92.2
-MON 83.1
2. Density at 15 °C, g/cm’ 0.745
3. Distillated characteristics
-to 70 °C, % v/v
-to 100 °C, % v/v 44.0
-to 150 °C, % v/v 26.0
-end point, °C 87.0
. 195
-residue, % v/v 1.8
4.Reid pressure, kPa 62.1
5.Lead content, g/dm’ <0.005
6.Sulfur content, mg/kg 6
7.Gum content, mg/100 cm’ neal
8.Corrosion, bal 1A

Table 8. Physicochemical properties of gasoline
probe 7

Parameters Value
1. Octane number

-RON 92.2

-MON 83.1

2. Density at 15 °C, g/cm’ 0.745

3. Distillated characteristics
-to 70 °C, % v/v

-to 100 °C, % v/v 47.0
-t0 150 °C, % v/v 5.0
-end point, °C 817950
-residue, % v/v 1.8
4.Reid pressure, kPa 62.1
5.Lead content, g/dm’ <0.005
6.Sulfur content, mg/kg 6
7.Gum content, mg/100 cm’ neal
8.Corrosion, bal 1A

Table 9. Physicochemical properties of gasoline
probe 8

Parameters Value
1. Octane number

-RON 92.2

“MON 83.1

2. Density at 15 °C, g/cm’ 0.751




3. Distillated characteristics
-to 70 °C, % v/v

-to 100 °C, % v/v 43.0
-to 150 °C, % v/v 33.0
-end point, °C 87.0

. 195
-residue, % v/v 1.8
4.Reid pressure, kPa 62.1
5.Lead content, g/dm’ <0.005
6.Sulfur content, mg/kg 6
7.Gum content, mg/100 cm’ neal
8.Corrosion, bal 1A

It has been proved that using a low-octane
component from 1 to 4 % (v/v) in gasoline
blends, gasoline blends can be obtained which
comply with the standards and requirements of
Bulgaria and the EU. The low-octane component
can be used in manufacturing of commodity
gasoline blends.
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	ABSTRACT
	INTRODUCTION
	Celiac disease is a disease of the gastrointestinal tract. Symptoms as nausea, diarrhea, cramps, weight loss in adults and stunting in children are observed as a result of dysfunction of the intestinal system [1, 3, 4, 11, 15, 18, 21]. These symptoms are expressed in cases where patients take foods which contain gluten [1, 4, 11, 12, 15, 18]. It affects one out of 100 people worldwide [14]. Gluten is a protein component of wheat flour. It has two main fractions - gliadin and glutenin [17]. People with celiac disease are sensitive to the gliadin fraction [24].
	Celiac disease can be treated only by observing a gluten-free diet, which allows the gastrointestinal tract to cope while preventing further damage to the villi [18]. Adaptation to a gluten-free diet is often challenging for celiac sufferers, because many foods contain gluten (pasta, cereals breakfast, snacks) or include gluten-containing cereals as thickeners or fillers (soups, sauces, puddings). Gluten-free food products are increasingly popular in recent years due to the large percentage of people with celiac disease and the only way for treatment – the gluten-free diet.
	Fried foods are part of the diet for all ages, cultures and societies. They represent a multi-billion industry that continues to grow [20, 22]. Fried foods are widespread and accepted because of their relatively low cost [23] and pleasant sensory qualities [16].
	Fried products are characterized by a golden hue on the upper surface. They have a thin and elastic crust with very good chewability. The crumb structure is most often uneven, with large and medium-sized pores [2, 6]. The aroma and taste are specific, characteristic of the type of heat treatment - frying [2, 6].
	Donuts are one of the most popular fried products. They are consumed as a main breakfast and between meals. Their main characteristics are: intensely colored red golden brown crust, typical aroma and taste, elastic crumb without signs of fat, with very good chewability [2, 6].
	EXPERIMENT
	Мaterials:
	The  research was carried out with commercial amaranth flour produced by "Avgeri" Ltd., Sofia. The most important physicochemical parameters are: moisture - 13.3%; pH - 4.0 °H; ash content - 2.12% dry basis; protein content (N x 5.7) % on a dry substance - 11.3.
	The additional raw materials imported into the dough are:
	 - drinking water – BSS 2823-83 and Ordinance №9 of the Ministry of Health from 16.03.2001 for the quality of water intended for drinking and household needs (SG. 30 / 2001) [8]; 
	- salt – BS 3247: 1991 and (Ordinance № 23/2001) requirements for the composition and characteristics of salt for food (SG br.11/ 2001) [9];
	-  compressed yeast, complying with BSS - 483-90;
	 - yogurt, fat 2%, complying with BSS 12-82; 
	-  dry lactose-free milk;
	- sunflower oil, complying with BSS-177; 
	- butter, complying with TD 02-2002;
	- eggs, complying with BSS 358-83;
	- crystal sugar, complying with BDS 390-79; TD 002 - 2006; 
	- cornstarch, complying with TD 07-04;
	 - tapioca starch, complying with Ordinance № 8 of 16 April 2002 on the requirements for the use of food additives [7]; 
	- baking powder, complying with Ordinance № 8 of 16 April 2002 on the requirements for the use of food additives [7]; 
	- baking soda (E500ii) - sodium hydrogen carbonate complying with TD 10-06;
	- vanilla complying with TC 17-02;
	- guar gum (Е412), xanthan gum (E415) and carboxymethylcellulose – complying with Ordinance № 8 of 16 April 2002 on the requirements for the use of food additives [7];
	Methods:
	A base formulation whose quantitative composition is given in Table 1 was used for the preparation of amaranth donut.
	Table 1. Recipe for donuts
	The donuts were prepared by the following method: the donuts dough was made by the single-phase method of kneading (the dough had a final temperature of 28 - 30º C and matured at a relatively high temperature for this stage 32 - 35º for 1.0 – 1.5 hrs). This procedure was used in order to intensify the fermentation processes still in its initial phase. Then the dough pieces were divided and rounded. The rounded pieces matured for 15 min at room temperature and were afterwards formed and placed for final fermentation at the following parameters: 32 – 34º С for 40 – 60 min. The process of frying was at 170 – 180º C for 5 – 6 min.
	Sensory analysis was conducted according to ISO 6658 by developing sensory profiles [10, 19]. 
	The new products were assessed by the profile method of 12 pre-evaluators for the following indicators: appearance, color, friability (lack), crunchiness, flavor, chewability, taste, and aftertaste. 
	Before carrying out the assay, evaluators were prepared as required by the test procedure. Each evaluator was applied on a tasting card values characterizing the power of perception for each property.
	The results were processed with classical statistical methods to determine the average and standard deviation level of significance р≤ 0,05 [3].
	The indicators used for touch analyses were: form, color of the skin, aroma, porosity, taste, chewability, aftertaste, lack of fat feeling and the intensity indicators from 1 to 9 are as follows:
	1 – absent; 
	2 – subtle - very bad; 
	3 – slightly perceptible - averagely bad; 
	4 – average perceptible; 
	5 – perceptible; 
	6 – average; 
	7 – average strong; 
	8 – very strong; 
	9 – exceptionally strong (excellent).
	[16] Guallar-Castillón P, Rodríguez- F. Artaljeo, N. Formés, J. Banegas, P. Etxezarreta, E. Ardanaz, A. Barricarte, M. Chirlaque, M. Iraeta, N. Larrañaga, A. Losada, M. Mendez, C. Martínez, J. Quirós, C. Navarro, P. Jakszyn, M. Sánchez, M. Tormo, C. González., Intake of fried foods is associated with obesity in the cohort of Spanish adults from the European Prospective, Investigation into Cancer and Nutrition. Am. J. Clin. Nutr. 86: 198-205, (2007).
	[17] Hayta M, J. Schofield, Dynamic rheological behavior of wheat glutens during heating. J. Sci. Food Agric. 85: 1992-1998, (2005). 
	[18] Hischenhuber C, R. Crevel, B. Jarry, M. Mäkis, D. Moneret-Vautrin, A. Romano, R. Troncone, R. Ward. Safe amounts of gluten for patients with wheat allergy or coeliac disease. Aliment. Pharmacol. (2006). 
	[19] ISO 8586-2:2008, Sensory analysis - General guidance for the selection, training and monitoring of assessors. (standardization)
	[20] Innawong B, P. Mallikarjunan, J. Marcy, J. Cundiff. Pressure conditions and quality of chicken nuggets fried under gaseous nitrogen atmosphere. J. Food Process. Preserv. 30(2): p. 231-245, (2006) 
	21. Kasarda Donald D., Celiac disease: Malabsorption of  nutrients induced by a toxic factor in gluten, Baker’s Digest, 1972, 46 (6), p. 25-31. 
	22. MacMillian B, H. Hickley, B. Newling, M. Ramesh, B. Balcom. Magnetic resonance measurements of French fries to determine spatially resolved oil and water content. Food Res. Int. 41(6): p. 676-681, (2008). 
	23. Nawar W. The consumption of fried foods: nutritional considerations. Ol. Corps Gras, Lipides 5(1): p. 58-60, (1998).
	24. Schober T, M. Messerschmidt, S. Bean, S. Park, E. Arendt. Gluten-free bread from sorghum: quality differences among hybrids. Cereal Chem. 82(4): p. 394-404. 2005.
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