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ITpod. Xpucro bosinoB bosixues, nTH
[Tpodecop Emepuryc

40 rogunu [Ipodecop

60 roomunu 8 FAH
60 roxHM OT ITBPBHSI MATEMATHYECH MOJIEI

65 ronuHM OT IMbpBaTa Hay4yHa padboTa

85 rogunu - punocopusaTa HAa XUMHYHOTO MHKEHEPCTBO

85 roguHM MpeacTaBIsSBAT OCHOBHATA YACT OT KMBOTA HA YOBEKA M MY IO3BOJISIBAT J1a CU M3TPaJn
xu3HeHata ¢uiocodus. Ot Tax: 65 oT mbpBata MU HayuHa pabota, 60 B BAH u 40 IIpodecop B
o0jacTra Ha XMMUYHOTO HWH)KEHEPCTBO. 3a TE3W TOJMHU CTaBa CpacTBaHE Ha J>KM3HEHATa MU
¢dbunocodus ¢ punocodusTa HA XUMUYHOTO UHIKEHEPCTBO.

II'bTAT B HAyKaTa

MosT n'bT B HayKaTa NpeICTaBIIABA MOCIEA0BATEIHOCT OT €Tallu:

1. Tpetu Kypc CTyIeHT — 'bpBa Hay4yHa padorta 1957;

2. Jumnomant (1960 mepBu maTemaTudeH Mojen) — ONTHYEH MOJAEN Ha TEKCTUJIEH IUIaT,
myOJIuKyBaH KaTo ,,AHANOr Ha 3akoHa Ha beep 3a oTpazeHara cBeTiMHA OT TeKCTWieH miat™ B K.
Dimov, Chr. Bojadgiev, Ein Analogon zum Gesetz von Beer uber das reflektierte Licht von gefarbten
Textilmaterialien, Zeitschr. fur Physikalische Chemie, 219, 106-113, 1962;

3. IIbpBu u3cnenBaHus B 00JacTTa Ha XUMUYHOTO MHKeHepcTBO (1963) — XuapoauHamuka u
MacornpeHacsiHe B Tpb0a Ha Bentypu. [IateHT 3a etHOBpeMeHHO yiIaBsiHe Ha MpaxX U CEpeH JABYOKHUC
B OTIAJIHU Ta30Be, BHEeApeH npe3 1965 B MenonobuBuus 3aBoj B Enuceiina;

4. Havanmo Ha TEOpPETHYHHUTE H3CJIECABAHUS B 00JacTTa Ha XMMHUYHOTO WHXKeHepcTBO (1965) —
XuJIpoIMHAMHKA U MaCOTIPEHACSIHE B CTHYAITHU ce GUIMHU. Y CTENIHO ChTPpyAHUYECTBO ¢ B. bemkos,
B. Kpunos, B. Jleuu. Pezynrature nyonukyBanu B Mmonorpaduute Chr. Boyadjiev, V. Beschkov,
"Mass Transfer in Liquid Film Flows", Publ. House Bulg. Acad. Sci., Sofia, 1984, 128 pp. u Xp.
BosizkueB, B. bemkoB, "Macconepenoc 6 osuosicywuxca naenxax owcuoxocmu”, Uzn. "Mup",
Mocksa, 1988, 137 c..

5. Hauano Ha TEOpeTHMYHHUTE H3CIEABAaHUS B O0OJACTTa HA HEIMHEHMHOTO MAacCOIpeHAacsHEe U
XuapoauHaMu4Hata ycroiuuBocT (1983). Pesynratute ca myOnukyBanu B MoHorpaduure B. C.

KpsuioB, Xp. bosmxkues, "Henuwuetinviti macconeperoc”, WHCTHTYT  TemJIO(U3UKH,



Hoscocuoupcek, 1996, 232 c¢. u  Chr. Boyadjiev, V. N. Babak, “Non-Linear Mass Transfer and
Hydrodynamic Stability”, Elsevier, Amsterdam, 2000, 500 pp.;

6. M3non3Banara mupoka 0a3za OT TEOPETUYHM TEXHHKH CTaBa OCHOBa Ha MOHOrpaduure Xp.
BosinxueB, "Ocnosu na modenupanemo u CUMyIUPAHEMO 8 UHICEHEPHAMA XUMUSA U XUMUYHAMA
mexnonozus”, UMX-BAH, Codus, 1993, 253 c. (Modeling and Simulation in Chemical Engineering
and Chemical Technology - Bulgarian), Chr. Boyadjiev, “Theoretical Chemical Engineering.
Modeling and simulation”, Springer-Verlag, Berlin Heidelberg, 2010, 594 pp. u Xp. Bosix:kues,
,, Ocnosu na modenuparemo u cumyauparnemo 6 xumuurnama npomuwinerocm*‘y Uzn. BAH ,,Ilpod.
Mapun [dpunos®, Codus, 2017, 120 c. (Modeling and Simulation in Chemical Industry -
Bulgarian);

7. Cuctemotexuuka (1976). [lpod. EnenkoB unuimupa uscienpanusita B oosacrra Ha MuxenepHo-
XMMHUYHATa cucTeMoTexHuka (Process systems engineering),r.e. MojaeupaHe Ha ChBKYITHOCTTA Ha
MPOLIECUTE B TEXHOJOTHMYHU CXeMH (TexHOoJoruu). VHTepecHO HampaBlieHHE CBhC COOCTBEH
MaTeMaTHueH anapar (MaTpuyHu MeToau). ToBa IACTIMBO ChBIA/IHA C MOSIBATa HA Bb3MUTAHULIUTE
Ha KaTenpa ,, XMMUIHa KuOepHeTruka“ Ha akajl. Kadapos ot MenneneeBckus nHcTUTYT — P. CTaresa,
T. XKene, H. banueBa, [[. ®ununoBa, a cieq ToBa U Ha b. VBaHoB. bsaxa mnposeaeHu
IIMPOKOMAIIa0H! HW3CIEeABaHMUs B 00JIacTTa HAa MOJEITUPAHETO M ONTHMH3AIUATAa HA XUMHKO-
texnonorunuaute cucremu (XTC):

7.1. 30HU Ha BB3/ICUCTBHUE U MPOTpamMa 3a CTpyKTypeH aHanu3 Ha XTC;

7.2. JlekOMIO3MIIMOHEH METOJ 3a ONTHMHU3AallMsg M IpPOrpaMHa CUCTEMA 3a ONTUMHU3aLUs Ha
MHoroacoptumeHTHH X TC;

7.3. OntrMaiHa TOIUIMHHA UHTETPalys U ONITUMaJIeH CUHTE3 Ha CUCTEMa OT TOINIOOOMEHHMUIIH;

7.4. OntuManHu pa3nucaHus Ha MHoroacoptumMeHTHH X TC;

7.5. ABTOMaTH3MpaHO ONTUMAJIHO IpOeKTHpaHe Ha MHOronpoaykrosu XTC;

7.6. PenoBanusa na XTC.

Crnen Te3u IbPBU CTHIKY a3 HAMaX (hru3MuecKaTa Bb3MOXKHOCT Jla MPOAbbKaBaM padoTara Cu B Ta3u
00J1acT 1 1 0OCTaBUX B pPBIETE HA ChTPYAHUILIUTE CH, KOETO He Oerle (haTaaHo 3al10TO BCHUYKHU CTaHaXa
npodecopu (6e3 larmap, KOATO CH OTHJIE OT TO3U CBSIT MHOTO PAHO);

8. HoB moxxoj 3a MojenupaHe M CUMyJUpaHe Ha MacolpeHacsHe B KOJOHHM amapatu (2006).
Cp3naBaHe Ha KOHBEKTHBHO-AM(Y3MOHHU M CPEJHO-KOHLEHTPALMOHHM MOJENN Ha MIpPOLEecH B
KOJIOHHM amapaTd (XMMUYHU peakIuu, a0copOIus, aacopOIusi W XETePOreHEH KaTayinz).
Pesynrarure ca myonukyBanu B MoHorpaduute Chr. Boyadjiev, M. Doichinova, B. Boyadjiev, P.
Popova-Krumova, “Modeling of Column Apparatus Processes”, Springer-Verlag, Berlin

Heidelberg, 2016, 313 pp. u Chr. Boyadjiev, M. Doichinova, B. Boyadjiev, P. Popova-Krumova,



“Modeling of Column Apparatus Processes ” (Second edition), Springer-Verlag, Berlin Heidelberg,
2018, 456 pp.

Taka HaTpymaHusi Hay4eH OMUT CTaHa OCHOBA 3a penuiia 0000IeHHS.

OcHOBHM NP006JIeMH HA XMMHUYHOTO HHKEHEPCTBO

HeﬂTa Ha XUMHWYHOTO HHXXCHCPCTBO € PCIIABAHCTO HAa OCHOBHHUTC HpO6JI€MI/I B XHMHUYHAaATa
MIPOMUILIEHOCT (OMOTEXHOJIOTUHUTE, TOIJIOCHEPreTUKATA U IPYTU CPOJHH IIPOU3BOJCTBA), KOUTO ca
CBBp3aHM C ONTUMAJIHOTO TMPOEKTUpPaHE U yIOpaBlIeHUE, T.e., C MHUHUMHU3HPAHETO Ha
MHBECTUIIMOHHUTE U EKCIUIOATAllMOHHUTE pa3xou. Te3u mpobiaemu ce peliaBaTt 4pe3 ONTHMATHOTO
MPOCKTHUPAHE HA HOBU amapaTd W ONTHUMAIHOTO YIPAaBICHUE HA JCUCTBAIIM MPOLECH, T.€. Ype3
MHUHUMH3UPAHC Ha Fa6apI/ITI/ITC Ha amnapatureé B HOBHU IPOU3BOACTBA M MAKCUMHU3UPAHC HaA
MIPOU3BOIUTEIIHOCTTa Ha MPOIECUTE B CHIIECTBYBAIIM MPOU3BOJACTBA. U B 1BaTa ciydast ToBa ce
MOCTUTA Ype3 yBEJIMYaBaHE HAa CKOPOCTTA Ha MpoliecuTe. 3a Ienra € HeoOXoIuMO Ch3JaBaHe Ha

MCTOIHM U AJITOPUTMH 3a MOACIIUPAHEC U CUMYJIMPAHC HA CKOPOCTTA HA MPOMHUIIJICHUTEC IIPOLCCH.

CxopocT Ha MPOMUIILTIEHUTE MPoLecH

[Ipouecute B XMMUYHATA TPOMUIILIEHOCT (OMOTEXHOIOTUUTE, TOTLNIOCHEPTeTUKATa) ca pPe3yniTar OT
OTKJIOHEHHETO Ha CUCTEMHUTE OT TSAXHOTO TEPMOJMHAMHYHO paBHOBecue. EnHa cucrema He € B
TEPMOJUHAMUYHO paBHOBECHE, KOraTO KOHLIEHTPAallUUTE Ha KOMIIOHEHTHUTE (BellecTBaTra) H
TeMmIepaTypara B OT/IeJIHUTE TOUKHU BB (ha3ute ca pa3nuuHu. Te3u pa3auku ca pe3ysiTaT Ha peakiui,
T.€. Ha MPOLIECH, KOUTO Ch3/1aBaT UM KOHCYMHUpAT BELIECTBO U (MJIM) TOIUIMHA.

Peakuunrte B IpOMUIIIIEHOCTTA TPOTUYAT B 00eMa Ha (pa3uTe (XOMOTE€HHH) WIIM Ha TPaHUIIATa MEXKIY
nBe (a3u (XeTeporeHH ). XOMOT€HHHUTE PEaKIINu ca OOMKHOBEHO XUMHYHHU, JOKATO XETEPOTCHHUTE
peaKkIMy ca XUMHYHH, XeTepOreHHO-KaTAIMTUYHY, (pU3MyHa U XUMHUYHA a/icopOuus, Mexxayha3Ho
MacoIpeHacsiHe ra3-TeYHOCT U TEeYHOCT-TEYHOCT (Ha (pa3oBaTa rpaHHIIa BELIECTBO H34e3Ba OT eJHaTa
(daza u ce mosBsiBa B Apyrata ¢asa).

CkopocTuTe Ha MPOMHUIIEHUTE TMPOLIECH CE OMPENENSIT OT peaklMOHHATa KWHETHUKAa M HEWHOTO,
MOJISJIMpaHe M CHUMYJIMpaHe U I03BOJIABA PEIIABAHETO HA OCHOBHHUTE NMPOOJIEMH B XMMHYHATa

MNPpOMHIICHOCT (6I/IOTCXHOJ'IOFI/II/IT6, TOIIJIOCHEPT! CTI/IKaTa).

MopaenupaHne u CMMyJHpaHe
OcHoOBHUTE HA MOJEIMPAHETO U CUMYJIUPAHETO B XUMUYHOTO UHKEHEPCTBO, KATO YacT OT YOBEIIKOTO
MO3HAHME W HayKaTa, Ca CBbpP3aHU ChC CHUECTAHMUETO HA MHTYUUHUATA U JIOTMKATa, KOUTO HMaT

pasiinuHu (bOpMI/I U ChbUYC€TaHUA B OTACIIHUTC HAYKH. B maremarukara HWHTyHIMATa € aKChuoMara



(6e3ycrmoBHAa MCTWHA, KOSTO HE TOJJICKH Ha JOKa3BaHE), a JIOTHKaTa € TeopeMara (JIOTHYHHUTE
CIICZICTBHUS OT aKCMOMAaTa), KaTo JIOTMKaTa Mpeo0iagaBa Ha/l MHTYHIIHATA.

B npupoaaute Hayku ((pus3uka, XuMusi, OMOJIOTHS) aKCHOMHUTE UMAT OOMKHOBEHO yCIIOBEH XapaKTep
(mpuHIUIH, TOCTYJIATH, 3aKOHH), HO JIOTUKATa ChIIO npeolianaBa Haa UHTyUIUATa. ChbueTaHUETO
Ha JIOTMKaTa ¥ HWHTYULHUATA KMMa Da3jIMYHU CTENEHH Ha NPUOIMXKEHUS - TEePMOJUHAMHYHO,
XUAPOJMHAMUYHO ¥ MOJCKYISPHO, KBAECTO XHUMHUYHOTO WMHKEHEPCTBO H3IO0J3Ba OCHOBHO

XUIAPOIMHAMUYIHOTO MPHOIIKEeHNE (MEXaHUKaTa Ha HEMIPEKbCHATHTE CPEJIN ).

XuJApOoAUHAMUYHO NPUOJIHKEHUE

XuApoAMHAMUYHOTO HUBO M3I10JI3Ba MPUOIMIKEHUSATA HA MEXAaHMKAaTa Ha HEIPEKbCHATUTE CPENU.
Tyk maTemaTHyHaTa TOUKa CbOTBETCTBA Ha €JIEMEHTapeH o0eM oT (a3ara, KOMTO € eTHOBPEMEHHO
JIOCTaThUYHO MAaJbK MO OTHOIICHHE Ha LIETUs pasriiexkaaH ooeM Ha ¢azara B amapaTa, U B ChIIOTO
BpEME JIOCTaThYHO TOJSIM IO OTHOIICHHWE Ha MEXAYMOJIEKYIHHTEe obemu BBB (hazara. B Te3m
NPUOIMKEHUS MOJICKYJIUTE HE Ca Pa3IMIUMH, KaKTO TOBA CE MPABH B CJIEBAIIOTO MOJIEKYJIHO HIUBO
Ha JeTaiinu3anys Ha bonruman (Boltzmann) npu naeanHuTte ra3ose.

XUMUYHOTO MHXKEHEPCTBO M3I0JI3Ba XUIPOAMHAMUYHOTO HUBO, ChUETaBallKu B ceOe CU XUMHUATA,
¢dbu3ukaTa U MaTeMaTHKaTa, U TPAJAX CBOUTE JIOTUYHH IMOCTPOCHHS HA TPU OCHOBHH ,,aKCUOMU

1. IMocrynarsT Ha Crokc (Stokes) 3a nuHEHaTa Bpb3Ka MEXKIY HAMPEKEHUETO U CKOPOCTTa HA
nepopmanusiTa, KOWTO CTOM B OCHOBaTa MOJIEIMTE Ha XUApoiMHaMuKara Ha HIoToHOBUTE TeUHOCTH;
2. IIepBusr 3akoH Ha Puk (Fick) 3a nuHeiliHaTa Bpb3Kka MEXJIy MAacOBHUS MOTOK M IpaJueHTa Ha
KOHLIEHTPALKATa, KOUTO CTOM B OCHOBATa Ha MOJEJINTE HAa TMHEIHATA TEOPHUS HA MACOIIPEHACSIHETO;
3. IIspBust 3akoH Ha Dypue (Fourier) 3a nuHeHaTa Bpb3Ka MEXAY TOIJIMHHUS MOTOK U TPaJiue€HTa
Ha TemIeparypaTa, KOWTO CTOM B OCHOBaTa Ha MOJEIUTE Ha JMHEHHaTa Teopus Ha
TOIUIONIPEHACSHETO.

Te3u Tpu OCHOBHU ,,aKCMOMHU'‘ UMAT YCJIIOBEH XapaKTep MPU PEATHUTE ra30BE U TEYHOCTUTE U MOTatT
Jla ce pas3riex/IaT KaTo CIeACTBUS OT KUHEeTHYHATa TEOpHs Ha UJeanHus ra3 Ha bontumMan, KbpaeTo
TOBa ca TPH ,,TEOPEMHU ", KOUTO MTPOU3THIAT OT aKCHOMaTa 3a ,,eJIaCTUYHUA yaap* (Mpu yaap MEexIy
JIBE€ MOJIEKYJIM CE€ MPOMEHAT CKOPOCTUTE U IOCOKUTE MM, HO CyMapHaTa KMHETHYHA €HEPrus ce
3ama3Ba), a CKOPOCTHHUTE KOE(UIMEHTH C€ ONpEeAETSAT TEOPETUYHO B 3aBUCHUMOCT OT CpeJHara

CKOPOCT U CPEeIHMS CBOOOIEH TpoOer Ha MOJIEKYJTUTE.

MexaHU3bM HA BJIMSIHHE HA PEAKIIMOHHATA KMHETHKA
B xummudHaTta mpoOMHIIICHOCT (OMOTEXHOJOTHUHUTE, TOILIOCHEPIreTUKaTa) MPOILECUTe MPOTUYAT B
JBIDKENTH ce (as3u (ras, TeYHOCT, TBHPAO0). Peakiuurte (peakimoOHHUTE MPOIECH ) BOSAT A0 PA3TUIHH

KOHIIEHTpanuu (M Temreparypu) B oO0ema Ha ¢a3ute u Ha ¢da3oBUTE TpaHHIM. B pesynrar, KbM



PEaKIMOHHUTE TPOIECH C€ MPUChEIUHSIBAT XHUAPOJMHAMUYHUTE TMpolecH, audysuara u
TOIJIONPOBOHOCTTA. llpu Te3nm ycinoBUs ce MposBSBAT pazauuHU (OpMHU Ha MacompeHacsHe
(TormonpeHacsiHe), KOMUTO OWMBAaT KOHBEKTHBHM (B pe3yiTaT Ha JBW)KCHUS BBB (Qasute) Hu
nu(dy3MOHHHU (B PE3yJITaT Ha KOHIICHTPAIIMOHHU (TEeMIIEpaTypHH) TPAJANCHTH BB (ha3uTe).
KoHBeKTHBHOTO MacomnpeHacsiHe (TOIIONpeHacsiHe) MOXke J1a Objie TaMUHAPHO WU TYpOYJIEHTHO (B
pe3yaTaT Ha KpyIHOMa[aOHUTE TYpOYJICHTHHU MYJICALIUHN).

Judy3noHHOTO MaconpeHacsiHe (TOIIONPEHACSHE) MOXKE 1a 0bJie MOJIEKYIISIPHO WK TypOyJIEHTHO
(B pesynrar Ha apeOHOMaaOHWTE TypOyJeHTHH myscaiuu). Judy3noHHOTO TOIJIONPEHACSIHE
npeicTaBisaBa (Ha ObJIrapcKu) TOMIONPOBOJHOCTTA.

MareMaTHYHUTE MOJICIH HA IPOMUIIICHUTE TPOLIECH IEISAT OMPEACIITHETO Ha KOHIIEHTPAIMATA Ha
BelIeCTBaTa (TeMIIEpaTypuTe Ha MOTOLUTE) BBB (pasure.

MatemaTuyHUTE MOJENHU MPEICTABIABAT MaTepualieH (TOIIMHEH) OalaHC B elleMEHTapeH (MalbK)
(azoB 00eM, KOWTO € eKBUBAJICHTEH HA MaTeMaTH4HAa TOYKa. Te ChbpKaT MaTeMaTHYHU OTIepaTOpPH
(yHKIIMM ¥ TPOM3BOAHM), KOUTO Ca MAaTEMaTHYHH OMKCAHHS HA OTICIHU (PU3MYHU U XUMHYHH
epextrn. KommoHeHTH B TO3M OajllaHC ca CKOPOCTHTE Ha KOHBEKTHBHOTO MAacCOIPEHACSHE
(Torutonpenacsne), upy3MOHHOTO MacollpeHacsiHe (TOIUIONPEHACSHE) U XOMOTEHHUTE PEeaKiuu
(ToruHHUS e(PeKT Ha peakuuuTe). XeTepOoreHHUTE PEakMu y4yacTBaT B TPAaHUYHHUTE YCIOBHUS Ha
ypaBHEHHsITa B MOJICJIUTE HAa MacompeHacsiHe (ToruronpeHacsHe). Ha Ta3um ocHOBa ca cb3lafeHU

MOZCIIMTEC Ha KJIaCH4YECKaTa TCOPHA Ha MACOIIPEHACAHETO.

Teopusi Ha MaconpeHaCAHETO

Axo eana (aza (ra3, TEUHOCT) C€ IBMKU IO OTHOIIECHHE HA CBOSITA MOJBMIKHA WM HETMOJIBIKHA
(azoBa rpaHula, HUIMYUETO Ha pa3jiiKa B KOHIIEHTpAIUsITa Ha KOMIIOHEHT (BEIECTBO) B o0ema Ha
¢azaTta u Ha ¢a3zoBara rpaHuIa BOJM JI0 MPEHACSHE Ha BEIIECTBO OT MO-BHCOKATa KbM MO-HUCKATa
KOHIIEHTpAaLUs 3a JOCTUTaHe Ha TEPMOJMHAMUYHOTO PaBHOBECHE (PaBEHCTBO Ha KOHLIEHTPAIIUUTE).
B pesynTaT ce nmoimyyaBa M3MEHEHHE Ha KOHIEHTpaUsATa B ThHAK CJIOM OKOJIO (ha3oBaTa rpaHUIIa,
Taka HapeueHus: AUPy3MOHEH TPaHUYEH CIIOH.

CpBpeMeHHaTa TEOpHs Ha MacONPEHACSIHETO C€ OCHOBAaBa Ha TeopusATa Ha AU(Yy3UOHHUS IpaHHUYEH
cioit (Jlangay, JleBuu). To3u moaxon 3amectBa (pu3MuecKd 0OOCHOBAHO) EIMITUYHUTE YACTHU
nudepeHlaIHi YpaBHEHU ¢ MapaboIMyHu YacTHU JU(epeHIMaTHU YpaBHEHUsI, KOETO yJECHsIBa
TAXHOTO MaTeMaTUYeCKO pellleHue U Mpejsiara MaTeMaTHYHO ONMcaHue Ha (PU3HYHUTE MPOLIECH ChC
CBOOOIHM (HE MPeIBAPUTEIIHO ONpeIeeHn) TpaHuLin. Teopusara Ha qu(y3MOHHHS TPAaHUYEH CIION ce
pa3BuBa B CIy4yauTe Ha Kanku U mexypuera (Jleuu, Kpuios), hpunmosu teuenus (Jlesuu, Kpuios,
boskues, bemkoB), HeTMHEHHO MacolpeHacsHe W XuApoAuHamMu4Ha ycTtoiumBocT (Kpuios,

bosxues, babak).



[TpemtoskeHUAT 10 TYK TEOPETUYCH aHaJIN3 MIOKa3Ba Bh3MOKHOCTTA 32 OINPEIEIIsTHEe Ha CKOPOCTTa Ha
CIIO)KHHTE TPOIIECH MPU U3BECTEH MEXAHW3bM, T.€., M3BECTEH HAOOp OT elIeMEHTapHH (IPOCTH)

MPOIECH U B3aUMOCHUCTBUATA MEX Y TsX. B mpoTuBeH ciyyaii € He0OX0IUM CIEIHaIeH MOIXO/.

Mopaenu Ha pouecH B KOJIOHHU anapaTu

MexaHu3MbT Ha CIIOKHMTE MPOIECH B KOJOHHUTE amapaTd € HM3BECTEH, HO HE Ca WU3BECTHU
pasnpeeneHusITa Ha CKOpOCTUTE BBB (asure M (a3oBUTE TpaHUIM U TPAKTHUECKH HIMa
BB3MOXHOCT 32 TAXHOTO TEOPETUYHO WJIM EKCIIepUMEHTaIHO ompenensHe. [Ipeasun Ha ToBa e
HEMpPUJIOKMMa TEOpHUsATa Ha MAacONpPEHACSHETO U € mpeaniokeH HoB noaxon (Xp. bosmxkues, M.
HoiiunHoBa, b. bosxues, [1. IlonoBa- Kpymosa). [loBbpxHOCTHHTE peakiivy Ha (pa30BUTE TPaHULIU
(Mexayda3zHo MaconpeHacsiHe, aICOPOIIHS, KaTaln3) ca 3aMEHEHHU ¢ CKBUBAJICHTHH 00EMHU PEaKIIuu
U EKCHEPUMEHTATHO OIpeAesieMd MapamMeTpu. Taka MOJy4YeHHUTE KOHBEKTHUBHO-IU(DY3NOHHH
MOJIETIM C€ U3MOJ3BAT 3a KaUeCTBEH aHAIN3 (ONpeessiHe Ha MeXaHH3Ma Ha MpoIiieca) U MmojJyJyaBaHe
Ha CPEJHO-KOHUEHTPALMOHHU MOJEIH 32 KOJIMYECTBEH aHaJIU3 Ype3 3aMECTBAHE Ha CKOPOCTUTE U
KOHIICHTPALMUTE ChC CPETHUTE UM CTOMHOCTH IO CEUECHHETO Ha KosoHaTa. EdekThT Ha cKopocTHTe
BbB (hazuTe ce BBBEXKAA Ype3 EKCIEPUMEHTAIHO OINpeAeNsieMu MmapameTpu. Te3um Monaenu ca
MOJIYYEHHU 3a CIIy4auTe Ha XMMUYHH peaKkluu, MPaBOTOYHA (IPOTUBOTOYHA) (hH3HUHA (XUMUYHA)
abcopO1usi, HecTalMoHepHa (U3MYHA (XUMHUYHA) aacopOIvs, XETePOreHeH KaTaiu3 ¢ (U3HYeH

(XuMH4eH) afcopOLIOHEH MEXaHU3BM.

Mojenu Ha CJ10:KHU NMPOLECH C HEM3BECTEH MeXaHU3bM

3amenTa ce u3Moy3Ba KOMOMHAIIHS OT aKCHOMH M TCOPEMH TP OTIPEISIISTHE Ha MAaTEMATHIHUS MOICIT
Ha cKopocTTa Ha mporeca. Ot akcmomara ,MatamaTWyHaTa CTPYKTypa Ha KOJHMYECTBEHOTO
OMMCaHWE Ha peamHuTe (MPOMMIIUICHUTE) TPOIECH He 3aBUCH OT HM3MEpUTEIHATa CHUCTeMa Ha
BEJIMYMHUTE, KOUTO Y4acTBaT B TAX' cle/Ba akcuomara ,,MaTeMaTHYHUTE MOJENU Ha pPEealHUuTe
(MpOMUILITIEHUTE) MPOLIECH Ca MHBAPUAHTHH IO OTHOIIIEHHE HA METPUYHU NTPe0O0pa3oBaHUs ", KbAECTO
»MeTpUYHHTE TIPeoOpa30BaHUA" MPEICTABIABAT MOJYyIaBaHETO HA HOBU BEIMYMUHHM, TOJYUYEHU OT
CTapuTe, YMHOKEHH C TIOJIOKUTEIIHA KOHCTaHTH. Te3u omneparuu ce Hapudat ot ['yxman ,,[Togo6HI
npeobpazoBanus’. Toit popmynupa moHsATHETO ,,XOMOT€HHA (PYHKIIHS‘, KOTaTO TS € UHBAPHAHTHA
10 OTHOIIIEHHE Ha ToM00HM mpeoOpa3zoBanus. Ha Tazu ocHoBa ['yxMaH moka3Ba Teopemara ,,AKO
MaTreMaThyHaTa CTPYKTypa € WHBapUaHTHA 0 OTHOIICHHWE Ha TOI00HH MPpeoOpa3oBaHMs, TS MOXKE
Ja ce TpEeICTaBh Karo CTENeHEH KOMIUIEKC, KBIETO ,,CTETIIEHeH KOMIUIeKC MpeacTaBisaBa
MPOU3BEICHNE OT BETUYMHUTE, MOBAUTHATH Ha cTemeHn. OT Ka3aHOTO JI0 TyK Cle[Ba TeopeMara
,2MaremMarnyHaTa CTPyKTypa Ha KOJIMYECTBEHOTO OINHMCAHHWE HAa pPEaJHH MPOIECH MOXE Ja ce

MMpeaACTaBru KaTo CTCIICHCH KOMHJ’ICKC“, YHUETO OAOKa3BaHC M3II0JI3BAa JOKA3aTCJICTBOTO Ha T€OpeMara



Ha ['yxmaHn. M3n013BaHeTo Ha CTENEHHUTE KOMILJIEKCH KaTO MaTEMATUYHU MOJIEIM Ha CKOPOCTTUTE
Ha CJIOKHM PEaJlHH IIPOLIECH, CIIEI ONPEICIIAHE HAa CTENECHHUTE I0KA3aTeIU OT €KCIIEPUMEHTAIIHU
JTAHHU, Pa3KpHBa OIPOMHU ITPAKTUYECKHU BB3MOKHOCTH.

OT U3I0XEHOTO CTaHa SICHO KaKbB € MBTIAT MH B HayKaTa, U3BbPBAH 3a 85 roanHU. He crana scuo

obaue: KOI'A MUHAXA TE3HU 85 TOAUHUN???
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A NEW APPROACH TO MODELING AND SIMULATION OF INDUSTRIAL
PROCESSES
Christo Boyadjiev
Institute of Chemical Engineering, Bulgarian Academy of Sciences,
Acad. G. Bonchev str., BI.103, 1113 Sofia, Bulgaria

E-mail: chr.boyadjiev@gmail.com

Abstract
In the paper are presented theoretical analysis of the methods for industrial processes modeling and a
new approach to modeling and simulation of industrial processes in cases of lack of information on

the mechanism of the process.

Prelude

The main problems in the industry are the optimal design of new devices and the optimal control of
active processes, i.e., minimization of the investment and operating costs. These problems are solved
by modeling methods [1].

The creation of the mathematical model begins with the formulation of the physical model of the
complex process, i.e., the definition of the simple (elementary) processes that make it up and the
interactions between them. The second step is to define simple processes that have mathematical
descriptions (equivalent mathematical operators). The other simple processes are introduced into the
mathematical model through quantitative information obtained from experimental data, which brings
the mathematical model as close as possible to the real process. The experiment brings mathematics
closer to physics (reality).

The optimal design and control in the chemical industry is uniquely related to processes rates, so all
mathematical descriptions of processes are linked to algorithms to determine these rates, i.e.,

processes kinetics.

Keywords: modeling, simulation, chemical engineering, industrial processes
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MODELING, ESTIMATION AND METHODS FOR REDUCING LARGE-SCALE LIQUID
PHASE MALDISTRIBUTION IN COLUMNS WITH OPEN STRUCTURE PACKINGS
Assoc. prof. PhD Tatyana Stefanova Petrova
Institute of Chemical Engineering, Bulgarian Academy of Sciences,

Acad. G. Bonchev str., BI.103, 1113 Sofia, Bulgaria
phone: 02 979 3281, e-mail: t.petrova@iche.bas.bg

Abstract

This lecture is a summary of the theoretical model research and the results obtained under Activities
1.2 + 1.4 of the project "Sustainable processes, sustainable systems, sustainable environment”,
contract with BNSF Ne DN 07-14 / 15.12.2016, which ended at the end of 2020.

The possibilities of the dispersion model for the modeling of the radial distribution of the liquid phase
after a layer of packing with open structure in a packed column are presented. The parameters of the
model are analyzed and new methods for their determination in different situations are proposed,
depending on the available experimental data and the conditions under which they are obtained. The
estimation of the non-uniformity of the liquid phase is quantified by the integral characteristic - the
maldistribution factor.

The problem areas (with large-scale maldistribution of liquid phase) in a pilot column installation
(own data) have been identified, which are the reason for reducing the efficiency of the processes in
it: the irrigation device (above the packing layer) and the collecting device (below the packing layer).
Structural changes have been proposed in their design, which significantly reduces the unevenness of
the installation. A theoretical methodology for determining the optimal geometric configurations of
the devices in the problem areas is proposed.

The verifications of the model and of the methods for identification of its parameters, as well as the
verification of the methodology for optimal geometric configuration of the collecting devices were
performed successfully with own and other literature data in columns of semi-industrial and industrial
size (0.47m, 0.6 m and 1.2 m) and random open structure packings (RSRM 0.7, 1.5and 3 ', 25 mm
metal Pall rings (Yin, 1999); RMSR 70-5 and Raflux rings 50-5) (Hanusch et al., 2018, 2019).
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ASSESSMENT OF THE FUNDAMENTAL CFD CALCULATION METHODS
IN SMALL PIPES
Chem. Eng. lliyan Trayanov
Institute of Chemical Engineering, Bulgarian Academy of Sciences,
Acad. G. Bonchev str., BI.103, 1113 Sofia, Bulgaria
University of Chemical Technology and Metallurgy, Sofia, Bulgaria
E-mail: iliyantrayanov@gmail.com

Abstract

Nowadays we face large variety of CFD software packages and suites, but meanwhile we cannot trust
the results from them as a real assessment of the designs we explore in them. With my presentation |
will expose my work and my suggestions about the reliability of the calculation methods in one of
the most used CFD programs: ANSYS. Large calculation times with 16 cores for 22+ days do not
give us sufficiently reliable results, but on the other hand the fast calculations for just under an hour
give us good ideas about changes in the design that can be executed.

Acknowledgment: This work was partially supported by the Ministry of Education and Science

through the National Program "Young Scientists and Postdoctoral Students”, approved by DCM #
577/17.08.2018
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OPTIMAL SYNTHESIS AND MANAGEMENT OF SUPPLY CHAINS FOR PRODUCTION
AND UTILIZATION OF BIOGAS
Evgeniy Ganev, Venko Beschkov
Institute of Chemical Engineering, Bulgarian Academy of Sciences,
Acad. G. Bonchev str., BI.103, 1113 Sofia, Bulgaria
E-mail: evgeniy_ganev@iche.bas.bg

Abstract

The continuous increase in greenhouse gas emissions due to the rapid development of technical
progress, as well as the growing needs for electricity requires serious attention to the so-called "green
energy" to meet permanently the needs of modern human society along with reducing emissions from
greenhouse gases. Even without human intervention, significant amounts of gases (mainly methane)
are generated with the most serious greenhouse effect, In this context, on the other hand, as a result
of human vital activity, biodegradable waste is generated both from everyday life and from industry,
i.e. from agriculture, forestry, animal husbandry, municipal wastewater treatment plants and others.
These activities reinforce the generation of putrefactive gases on an extremely large scale and promote
the need to create technologies and optimally design the flows in order to achieve sustainable
development in modern conditions. This research focuses on the problem of studying biogas
production technologies, the evaluating raw materials and products, carefully studying and evaluating
all possible flows of raw materials and products, and assessing the environmental impact of this
activity. Based on the above study, an optimization model will be created through mixed integer linear
programming (MILP) to determine potential locations and optimal parameters, as well as transport
flows of existing and potential initiatives within the Republic of Bulgaria.

Keywords: integrated biogas supply chain; optimal design; life cycle analysis; GHG emissions; solid

waste use; economic, environmental and social criteria

Acknowledgement: The authors would like to thank the HITMOBIL Center of Competence for the
financial support received under project BGO5M20P001-1.002-0014
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DEVELOPMENT, DIGITALIZATION AND IMPLEMENTATION OF THE ROTATING
FILM PERTRACTION METHOD FOR SELECTIVE SEPARATION OF COMPOUNDS
Apostol Apostolov!, Dragomir Yankov?!, Yulia Tsareva?, Maria Petyaeva?®
YInstitute of chemical engineering of the Bulgarian Academy of Sciences;
2Kurnakov institute of general and inorganic chemistry of the Russian Academy of Sciences

E-mail: a_apostolov@iche.bas.bg; maria.mikhailovnal994@yandex.ru

Abstract

Due to the increasing needs of specified chemicals with a high analytical grade, new methods for
extraction are developing - one of them is the pertraction method of separating compound. The current
work describes the rotating film pertraction method. It also considers to create a roadmap for scaling
and implementing pertraction technology. Because of this other fields of science, technology, work
organization and management are put on discussion here. Using the powerful tools of the digital era

and computational methods, the test time and the probable implementation can be shortened.

Keywords: chemical engineering, chemical process design, extraction, pertraction, prototyping,

digital modelling, computational fluid dynamics, additive manufacturing, scaling-up

Acknowledgements: The work is supported by National Research Fund grant KP-06- Russia-10
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MICROALGAE AS A FEEDSTOCK FOR HIGH-VALUE COMPOUNDS
Flora Tsvetanova, Dragomir Yankov
Institute of Chemical Engineering, Bulgarian Academy of Sciences,
Acad. G. Bonchev str., BI.103, 1113 Sofia, Bulgaria
E-mail: florablue@abv.bg

Abstract

Microalgae are photosynthetic autotrophs, inhibiting saltwater and freshwater. They range widely
from prokaryotic single cell cyanobacteria to more complex multicellular eukaryotic algae.

They are considered as a sustainable feedstock for wide spectrum of bioactive compounds like lipids,
high-quality proteins, carbohydrates, dyes, carotenoides, vitamins for the food industry. Moreover,
some of the species have a good potential for biofuels production, like biohydrogen, biomethane,
biodiesel. In addition to the secretion of commercially valuable cellular metabolites, microalgal
production systems can be used for environmental- protecting technologies as wastewater treatment
and greenhouse effect diminishing.

Microalgal biomass offers numerous advantages as an object to work with. A very important factor
is that it does not requires a special fertile land to grow on, as it can be grown on a land which is
unsuitable for other purposes, even on domestic wastewater. Moreover, microalgae are resistant to
various contaminants. As they normally live in natural reservoirs, their utilization is cost-effective.
Also, microalgae build biomass rapidly. As for the disadvantages, a common problem is the low
biomass production and the small size of cells. To address these problems, some optimizations have
to be taken into account, like the temperature, the light intensity, the growth phase. There are two
possible ways for microalgal cultivation- in open pond and in photobioreactors.

For the bioproducts extraction, first have to be performed cellular disruption in order to be released
and purified the cellular contents. Then different strategies can be employed, like mechanical
extraction, chemical extraction using solvents or supercritical carbon dioxide, physical extraction,

enzymatic lysis.

Key words: microalgae, cultivation, valuable bioactive compounds, products extraction

Acknowledgements The authors thank to the Scientific Fund, Republic of Bulgaria, as this work was
financially supported by the K77-06-OI1P 04/1 project.
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ANALYSIS OF OPTIMIZATION METHODS FOR IMPROVING THE ENERGY
EFFICIENCY OF WASTEWATER TREATMENT PLANTS
Rayka Vladova, Natasha Vaklieva-Bancheva
Institute of Chemical Engineering, Bulgarian Academy of Sciences, Akad. G. Bontchev, Str., BI.
103, 1113 Sofia, Bulgaria

E-mail: r.vladova@iche.bas.bg, raika_vladova@abv.bg

Abstract

Overcoming environmental problems and climate change are one of the main priorities in the policies
of the 21st century. Reducing energy costs and improving energy efficiency helps companies and
enterprises in the industrial sector on the path to sustainability. Sustainable operation is characterized
by the use of less materials and energy, improvement of processes by closing the cycle and utilization
of waste streams. One of the major energy consumers in the municipal sector is wastewater treatment
plants (WWTPs). Efficient wastewater treatment is associated with high energy consumption, which
represents a significant part of labor costs. Improving the energy efficiency of this type of facilities
would reduce both operating costs and the amount of greenhouse gases emitted into the atmosphere.
One way to achieve this goal is to apply optimization methods. In this paper, optimization methods

for improving the energy efficiency of WWTPs are presented.
Keywords: Energy efficiency, Optimization, Modeling, Wastewater treatment plants.
Acknowledgments: This work has been supported by the Bulgarian Ministry of Education and

Science under the National Research Programme “ Young scientists and postdoctoral students”

approved by DCM # 577/ 17.08.2018.
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PRELIMINARY RESULTS ON THE EXTRACTION OF VERBASCUM THAPSUS
(GREAT MULLEIN)
S. Boyadzhieva, G. Kalotova, D. Yankov, R.P. Stateva
Institute of Chemical Engineering, Bulgarian Academy of Sciences,
Akad. G. Bontchev, Str., Bl. 103, 1113 Sofia, Bulgaria
E-mail:maleic@abv.bg
Abstract
Verbascum thapsus (Great mullein) is a biennial medicinal plant of the family Schrophulariaceae,
which is widespread throughout the world. Due to the rich variety of bioactives present in the herb -
saponins, flavonoids, phenolic acids, fatty acids, triterpenes and polysaccharides — it is used for the
treatment of spasmodic cough, asthma, inflammation, various types of cancer and heart disease.
Dried areal parts of the leaves, stem, and blossom of Mexican Mullein, known as Gordolobo, were
purchased from a pharmacy in Aguascalientes, Mexico. In our study we examined the influence of
liquid to solid phase ratio, and solvents (ethanol, and water/ethanol mixtures) on the yield, and total
phenolic content (TPC) of the extracts recovered from the different parts of the plant, and from their
mixture. For this purpose, atmospheric extractions at 70 ° C in a flask were performed. Firstly, liquid
to solid phase ratio was changed from (20 to 50) ml/1g. It was determined that solvent volume of 30
ml was enough to dissolve all soluble substances from 1 g of any of the four plant matrices. Therefore,
all subsequent experiments on the influence of the solvent ethanol, and hydroalcoholic mixtures with
ethanol compositions from (25 to 96) %, on the yield and TPC of the extracts recovered were
performed at the optimum solid-liquid ratio. The results obtained showed that the highest yield (13.6
%) was obtained from the leaves with 70 % ethanol, while with 48 % the yield was 12.6 %. As regards
the TPC, the highest values were achieved with 48 % ethanol, the leaves extracts being the richest in
polyphenols (TPC = 39.6 mg GAE/g rm). Extraction of a mix of the three matrices at the optimal
extraction conditions determined were also performed. The yield achieved was 10 %, and the TPC -
23.9 mg GAE/g rm.
The optimal operating parameters established assure a maximum vyield with a minimal use of raw
material and energy, and will be applied in our future studies on the recovery of bioactives from
Gordolobo.

Keywords: Gordolobo, atmospheric extraction, polyphenols

Acknowledgement: The authors acknowledge the funding received from the European Union’s
Horizon 2020 research and innovation programme under the Marie Sklodowska-Curie grant
agreement No 778168.
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STUDY OF THE POTENTIAL APPLICATIONS OF THERMOPHILIC
MICROORGANISMS AT VARIOUS OPERATING CONDITIONS IN MFCS
Nadya Armenova, Dragomir Yankov, Stefan Stefanov, Elena Razkazova-Velkova
Institute of Chemical Engineering, Bulgarian Academy of Sciences, Akad. G. Bontchev, Str., BI.
103, 1113 Sofia, Bulgaria
E-mail: n.armenova@iche.bas.bg

Abstract

Bulgaria is among the leaders in Europe in the number of thermal mineral springs with varying
temperatures (from 45 to 100 °C) and pH values. Thermophilic microorganisms are widely distributed
around the high-temperature ecosystems in nature and they can develop their own physiology and
characteristic membrane structures. For this reason, thermophiles have been applied to various
industrial areas such as food and paper industry, detergents, drugs, toxic wastes removal, and starch
industry.

Thermophilic microorganisms thrive in high temperature conditions and have high metabolic rate.
Their accelerated biochemical processes lead to increased electron production during their lifecycle
— a trait that can be beneficial when applied in high-temperature microbial fuel cells (MFCs). The
thermophilic microorganism-based MFCs may be useful in different applications for electricity
generation by an environmental friendly approach.

In this study a microbial consortium obtained from the thermal spring “Rupite”, Bulgaria, is being
used for oxidation of sulfide-contaminated waters in the anodic compartment of a membraneless
MFC, while sulfate-contaminated waters are used in the cathodic compartment. Additional
experiments are carried out with and without microorganisms in the cathodic compartment. The
results of the power output and oxidation rate are compared to a chemical FC under the same

conditions.

Key words: Thermophilic microbes, MFC, Membraneless fuel cell, Sulfide, Sulfate;
Acknowledgements: This work has received funding from the National Research Program “Low
Carbon Energy for the Transport and Household (E*)” and by the National Research Programme

“Young Scientists and Postdoctoral students” approved by DCM # 577 / 17.08.2018 both granted by

the Bulgarian Ministry of Education and Science
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A MULTI-OBJECTIVE APPROACH TOWARD OPTIMAL DESIGN OF SUSTAINABLE
DAIRY SUPPLY CHAIN TAKING INTO ACCOUNT THE PREFERENCES OF ALL
NETWORK PARTICIPANTS
Elisaveta Kirilova, Natasha Vaklieva-Bancheva, Tatyana Petrova, Rayka Vladova
Institute of Chemical Engineering, Bulgarian Academy of Sciences, Akad. G. Bontchev, Str., BI.
103, 1113 Sofia, Bulgaria
E-mail: eshopova@gmail.com

Abstract

The production of dairy products is related to water and energy costs and generation of large amounts
of pollutants in air and water. Improving the sustainability of this type of product production can be
achieved by optimizing all activities throughout the supply chain: from milk suppliers through
production itself to end-users who meet environmental, economic and social criteria, while meeting
the preferences of all network participants. The present study proposes a multi-objective modelling
approach for optimal design of three-echelon supply chain for production of dairy products according
to different recipes where all aspects of sustainability — economic, environment and social and the
preferences of milk suppliers, dairies and markets are taken into consideration. The approach includes
models for the production of dairy products along with the economic, environmental and social
impact of the considered supply chain. The approach was implemented on a real case study from
Bulgaria. Three optimization problems are defined and solved at different optimisation criteria
representing the preferences of all participants in the supply chain. They are solved using General
Algebraic Modeling System (GAMS) software. The first solution is related to the supply of such
quantities of raw materials that lead to exceeding the market demands. This is the solution with the
largest economic and social costs and lowest production profit. The second solution is related the
lowest economic costs and largest production profit. In the third solution, full satisfaction of market

demands was achieved. The obtained solutions can be used in the decision-making process.

Keywords: Optimal design, Dairy supply chain, Sustainability improvement, Preference satisfaction
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REVIEW OF CFD SIMULATIONS OF FLUID FLOW FOR DEVELOPMENT OF AN
INNOVATIVE BUBBLE-CAP TRAY COLUMN FOR SO2 REMOVAL
Konstantina Stefanova, Daniela Dzhonova-Atanasova, Elena Razkazova-Velkova
Institute of Chemical Engineering, Bulgarian Academy of Sciences, Akad. G. Bontchev, Str., BI.
103, 1113 Sofia, Bulgaria
E-mail: kstefanova_ichebasbg@abv.bg; k.stefanova@iche.bas.bg

Abstract

A waste-free innovative installation for SO2 removal, combining two separation methods - adsorption
and absorption, is considered for design improvement by CFD methods. The present work is a short
review of CFD modeling of fluid flow in bubble-cap tray columns for the purpose of development of
a simulation model using ANSYS Fluent. The Initial dimensions of a model of the laboratory
installation are specified according to the established dependencies for the design of a bubble-cap
tray. It is proposed to compare the fluid flow pattern obtained by ANSYS Fluent methods with the
observations of the gas phase distribution, as demonstrated in literature for a bubble column using

high-speed cameras with high resolution.

Keywords: Desulfurization, purification of waste gas, bubble cap tray, mathematical modeling, CFD

simulation
Acknowledgments: This work has received funding from the Bulgarian National Science Fund

project No KP-06-N37/11/ 06.12.2019 “Integrated absorption-adsorption process for waste free

decontamination of gases from sulfur dioxide”.
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MODELING OF ABSORPTION-ADSORPTION PROCESS
Chr. Boyadjiev, B. Boyadjiev, P. Popova-Krumova, E. Razkazova-Velkova
Institute of Chemical Engineering, Bulgarian Academy of Sciences, Akad. G. Bontchev, Str., BI.
103, 1113 Sofia, Bulgaria

E-mail: p.krumova@iche.bas.bg

Abstract

The proposed mathematical model of the absorption-adsorption process uses an absorption-
adsorption column and makes it possible to create a waste-free technology for waste gases
purification from sulfur dioxide by means of regenerable adsorbent, where the system for the
regeneration of the adsorbent is similar to the regeneration system in the patent. The efficiency of the
processes is increased in an absorption-adsorption apparatus, where the absorption is realized in co-
current flows and the adsorption takes place in the flexible adsorbent. For this is proposed a new
absorption-adsorption column apparatus with bubbling plates.

In the proposed absorption-adsorption method for waste gases purification from sulfur dioxide, the
absorption is realized in the counter-current absorber (where practical gas velocity does not exceed 5
m.s™ ") and the adsorption is carried out in a fixed bed adsorber. The efficiency of the process can be
increased if the absorption is realized in co-current flows and the adsorption takes place in the flexible
adsorbent. For this it can use a new absorption-adsorption apparatus with bubbling plates.

A new method for waste gas purification is realized in two steps: physical absorption of SO, with
water and chemical adsorption of HSOs from the water solution by synthetic anionite particles. The
adsorbent regeneration is made with NH4OH solution. The obtained (NH4)2SO3 (NH4HSO3) is used
(after reaction with HNO3) for production of concentrated SO (gas) and NHsNOsz (solution).
Convection-diffusion and average concentration models of the absorption and adsorption processes

are presented.

Keywords: Absorption, adsorption, gas purification, SO2, convection-diffusion model, average

concentration model.
Acknowledgments: This work has received funding from the National Research Fund project No KP-

06-H37/11/ 06.12.2019 “Integrated absorption-adsorption process for waste free decontamination

of gases from sulfur dioxide”.

26



AIR FLOW QUALITY MANAGEMENT IN A RESIDENTIAL BATHROOM BY CFD
METHOD
Konstantina Stefanova!, Maria Georgieva?, Desislava Mehandzhijska?
YInstitute of Chemical Engineering, Bulgarian Academy of Sciences, Akad. G. Bontchev, Str., B.
103, 1113 Sofia, Bulgaria
2Technical University of Sofia, Bulgaria
E-mail: kstefanova_ichebasbg@abv.bg; k.stefanova@iche.bas.bg

Abstract

To ensure an effective ventilation in the residential bathroom the fan must be properly positioned
according to the space of the room. The location of all furniture is essential for the correct positioning
of the fan. In this work are shown how the different location of the fan in a bathroom can contribute
to achieve the desired healthy environment. The quality of ventilation was improved using a software
simulation by Ansys Fluent. Two cases are presented: 1) first, the fan is standard mounted in the
chimney on the wall according to the technical project; and 2) second, the fan place is on the ceiling,
S0 its position should be in front of the sink. The results show that the proposed ceiling position has

a visible reduction of stagnant areas which are favorite place of uncontrolled mould growth.

Keywords: air flow, fan ventilation, bathroom, humidity, CFD
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COMPOSITION DETERMINATION AND EVALUATION OF EURASIAN WATER
MILFOIL
M. Lazarova, Konstantza Tonova
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Abstract

Eurasian water milfoil, EWM, is a worldwide spread weed, considered one of the most aggressive
species that invades almost all kinds of communities of submerged aquatic plants and displaces most
other plants. It is still unstudied as a potential source of bioenergy and valuable chemicals.

EWM biomass composition was characterized by determining the monosugar and lignin content, ash
and extractives. Carbohydrates weighed 44.70% of the submerged body of the plant. It was found
that glucose, Glu, monomer dominates in EWM carbohydrates, about 32%, based on a dried plant
weight,. Fructose, Fru, is the second monosugar in weight, but its availability is about 5-times lower
than the glucose content. Other monosugars represent 5.43% all together. This means that the
saccharification of this plant could reach a high yield of pure glucose.

Acid insoluble lignin, AIL, was evaluated to be 11.17%. Acid insoluble ash, 1.22%, contained mainly
biogenic silica as it was determined by X-ray diffraction. The total amount of ash in the studied
biomass was 7.11%. The nature of the remaining material was supposed to be nitrogenous material
which condensed into the acid insoluble residue and might comprise of polypeptides and nucleic
acids.

The total polyphenols, TPH, extracted following the procedure for determination of extractives in
biomass were 2.31%. In addition, the acid soluble lignin, ASL, extracted according to procedure was
estimated to be 5.48%.
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Abstract

The growth form, low requirements of nitrogen and phosphorus, and high vegetative reproductive
capacity of the aquatic plant Eurasian water milfoil, EWM, are among the factors determining its
wide invasion success, but also the increased polyphenols’ release is thought to stabilize the
macrophyte—dominated state of shallow lakes. For this reason, the phenolics of EWM first attracted
the researchers’ attention.

Eurasian water milfoil extractives contain beneficial phenolic compounds, which health-related
properties are currently a subject of intensive research. The aim of this study was to develop an
appropriate extraction treatment in order to recover valuable phenolics from EWM biomass.

First, the effect of different solvents and pHs on the total polyphenols, TPH, extraction was checked.
The presence of ethanol caused the most significant effect on the TPH recovery, which was further
enhanced by adding acid or base. Using the acidified water—ethanol mixture seemed the most
appropriate way to extract more TPH from the EWM matrix.

Next, the impact of autoclaving the EWM prior to the extraction was studied. Autoclaving increased
twofold the TPH liberated in the liquid phase compared to the result at room temperature. As a whole,
the total phenolics released from the plant autoclaved with acids exceeded those from the raw plant.
Considering that the above pre—treatment would cause simultaneous release of carbohydrates, for the
purpose of separating phenolics from sugars a raw EWM should be primarily used for extraction of
TPH. The extracted material obtained from the raw EWM is characterized in respect to TPH,
anthocyanins’ content and antioxidant capacity. 50% ethanol of moderate acidity, 0.1 kmol m= HClI,
could be considered an appropriate solvent for recovery of valuable TPH and anthocyanins from
EWM.
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MEMBRANE PROCESSING ALTERNATIVES FOR THE PRODUCTION OF NATURAL
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Abstract

Vast amounts of by-products are released during the winemaking process. Grape pomace usually
constitutes about 20% of the processed wine grape weight. Its chemical composition includes dietary
fibers, lipids, proteins, and a wide diversity of phenolic compounds. Traditionally, winemaking by-
products are used as animal feedstock or fertilizer, but in the last decade they are considered as low-
cost and rich source of valuable phenolics, which have very high market value as nutraceuticals, food
additives and cosmeceuticals, due to their biological activity.

The recovery approach of these biologically active compounds is directed towards the production of
natural grape extracts with the desired composition and free of detrimental constituents. This can be
achieved when unharmful solvents and mild operating conditions are applied which do not lead to
biological activity loss. The production scheme of grape extracts includes: wine by-products pre-
treatment, phenolics extraction, purification by adsorption and drying by evaporative process to
obtain a product with specified characteristics. Membrane processes, such as ultrafiltration,
nanofiltration and reverse osmosis, can substitute adsorption in the purification/fractionation step and
become a powerful alternative for the production of natural grape extracts. Membrane processes offer
significant advantages over traditional processes: variety of membrane materials and structures which
can be used to obtain products enriched in diverse target compounds or diverse molecular mass
fractions, and products for specific applications; much greater degree of control of hazardous
contaminants in the final product; the use of lower solvent quantity and operation under milder

conditions (temperature and pressure).
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Abstract

Probiotics (Pro-for and bio-life) are live microorganisms which, when administrated in appropriate
dose, possessed positive health effects. Lactic acid bacteria (LAB) are well-known probiotic bacteria,
with beneficial role in gut homeostasis. Thus, several investigations have focused on behavior of
lactobacilli in different habitats and variety of physical/chemical factors. A limited information exists
on radiation exposure of LAB and related changes on the microbiome. In the same time, ionizing
radiation is used as a therapeutic option in the treatment of certain neoplasm. The therapeutic doses
of radiation employed often result in adverse effects. Some of them are based on changes of beneficial
microbiota, during the treatment. The short-term effects on radiation exposure of LAB bacteria,
however, remain unknown. With this aim we estimated viability of multibacterial formula with
different candidate — probiotic strains. They are with dairy and human origin, belonging to our
laboratory collection. Selected lactobacilli are exposed to X-ray treatment (Cu LLF ceramic tube
operating at 45 kV and 40 mA) for 30 and 60 min. Survival decrease to zero was not demonstrated
for any of the tested strains. The growth and biofilm-formation are monitored up to 72 h after
irradiation. An interesting change in Lactobacillus biofilm formation during the cultivation, have to
be pointed.Therapeutic doses of radiation do not significant affect the growth of lactobacilli. In the
same time irradiated samples are able to delay the exponential growth of out-patient strain
Escherishia coli.

Acknowledgment: Gratitude to prof. Boris Shivachev from IMC-BAS for experimental help. This
work is a part of joint project with prof. Koltovaya, Lab. Radiation biology - JINR-Dubna, Russia
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Abstract

Membrane processes meet the requirements for efficient and cost-effective separation methods,

although they still have to solve challenges such as insufficient selectivity. The quality of separation

is a problem particularly relevant to mixed solvents (ex. water-alcohol mixtures) given their

numerous applications, such as: extraction of bioactive molecules from renewable sources (plants,

seaweed, by-products from the agro-food industry); separation of ethanol from water-ethanol

systems. Achieving high flux and rejection is a major challenge for the membrane separation in view

of alcohol recovery, production of low alcohol beverages and others.

This article presents a brief overview of research in the field of mixed solvents nanofiltration, the
experimental evidence and theoretical interpretation of the observed effects. Own results with NADIR
NP030 P membrane are presented. Model water-alcohol mixtures as well as red wine (Mavrud)
nanofiltration are investigated in view of flux and rejection behavior relative to ethanol. Lower flux
is observed with water-ethanol mixtures as compared to water. Transmembrane pressure affects both

the permeate flux and the separation efficiency towards ethanol.
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MATHEMATICAL MODELLING OF 1,2-DIBROMOETHANE BIODEGRADATION IN
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Abstract

The main goal of this study is to model the biodegradation process of 1,2-dibromoethane with
Bradyrhizobium japonicum 273 cells. Different processes of dehalogenation were carried out in a
laboratory bioreactor in presence and absence of constant electric field. The influence of electric field
was investigated. Complete biodegradation was observed corresponding to the stoichiometric
concentration of bromide ions in the medium.

Mathematical model describing this biodegradation process is composed and used for kinetic
parameter estimation on the base of least square function minimization, using own experimental data.
It is demonstrated that the dibromoethane biodegradation to bromoethanol and bromide ions by the

Bradyrhizobium japonicum 273 cells is successfully described by the composed model.

Keywords: 1,2-Dibromoethane (DBE), processes in presence and absence of constant electric field,

modeling, parameter evaluation
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Abstract

This work is part of a research on integrated bioreactors with membrane separation. Mass transfer
associated with concentration polarisation phenomenon in spiral-wound and plate-andframe
nanofiltration (NF) modules is mainly influenced by both the hydrodynamics in the feed channel
and the solute transport inside the membrane.

The aim of the present study is to compare and evaluate different approaches to modeling processes
in a filtration cell. To achieve this goal, CFD analysis will be performed to improve the
hydrodynamic model and develop a model for simultaneous simulation of fluid flow and mass
transfer across the membrane, using ANSYS Fluent techniques with UDF functions, at an
acceptable computational time.

The present work complements previous results on mass transfer coefficient and their validation

with data from literature.
Acknowledgement: This work was partially supported by the Bulgarian Ministry of Education and

Science under the National Programme “Young scientists and postdoctoral students” approved by

DCM # 203/19.09.2018.
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Abstract

Novel electrocatalyst carbon materials are used for oxidation of S? and SOs%". The characterization
of the electrocatalysts were conducted by phisicochemical methods (SEM, X-ray diffraction, XPS
and BET) as well as electrochemical tests. Polarization curves of electrodes with incorporating higher
and fullerenes Ceo/C7o were recorded. The experiments showed that higher fullerenes and Ceo/C70
fullerene catalysts convert SOz to SO4 electrochemically. The oxidation products do not poison the
electrodes. The higher fullerenes play a major role in the synthesis of more effective catalysts. The
electrodes built by incorporating catalysts containing higher fullerenes and manganese oxides are
most promising in the effective electrochemical decontamination of industrial and natural waste

water.
Keywords: high fullerenes, Ceo/C70, DWCNTS
Acknowledgements: This work has received funding from the National Research Program ‘“‘Low

Carbon Energy for the Transport and Household (E*)” granted by the Bulgarian Ministry of
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Abstract

The increasing content of SO in the atmosphere needs new engineering solutions and cost-effective
methods for its reduction. Computational Fluid Dynamics (CFD) is an indispensable tool in solving
and analyzing problems that involve fluid flow.

The subject of the present work is investigation of a new approach and equipment for purification of
waste gasses from SO.. It includes a column with bubble-cap trays. As part of an extensive study of
the bubble-cap tray hydrodynamics, the present work is aimed at the specific two-phase flow pattern
on the novel tray proposed. A simplified 3D model of a cylindrical compartment was composed.
Different geometries and regimes were simulated in order to improve the design of the bubble-cap
tray for optimal gas-liquid mixing. Gas holdup has been considered as basic performance parameter.
The equations were solved using a CFD software ANSYS FLUENT (R13) based on the finite volume
technique.

Keywords: CFD, modeling, hydrodynamics, gas-liquid, bubble columns, tray columns
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Abstract

A huge number of compounds found in nature are organic acids. When they are produced
microbiologically it is necessary for the end product to be removed so as to reduce the product
inhibition. They are often present in industrial waste water, from where they must be removed and
used. One way of removing organic acids from aqueous solutions is through liquid-liquid extraction.
The liquid-liquid extraction process is a highly selective method and one of the most versatile
procedures used for the extraction, separation and concentration of a variety of organic and inorganic
components from various aqueous media, and a process with the lowest cost for obtaining a high
quality ends products. In the last decade agueous two-phase systems (ATPS) based on ionic liquids
(ILs) have been successfully implemented in a wide range of extraction and separation processes. IL
has the advantage of removing the acid in greater measure which makes them more effective.

The aim of this research is to look at the quantitative characteristics of some organic acid extraction
processes in using ionic liquids based on the different mechanisms of the extraction process as well
as in using kosmotropic salts instrumental in forming ATPS and their impact on increasing extraction

efficiency.

Key words: organic acids, liquid-liquid extraction, ionic liquids, aqueous two-phase systems.
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Abstract

Globally, more than 1.3 billion tons of organic waste materials per year are produced from agricultural
production, during processing and transportation, in distribution and consumption. One of a number
of technologies that can be used to reduce their quantity, to decrease global warming and waste
management problems is anaerobic digestion.

The separation of the biological chain of acetogenesis and methanogenesis into two different
bioreactors is not a new approach to anaerobic digestion. This idea was first suggested in 1984 (2).
Separation of the natural ecology and metabolism of an anaerobic bacteria consortium into different
classes: Hz-producing bacteria (Clostrium) and Hz-consuming methanogens (Archaea) underlie the
two-stage bioreaction. In the first acidic step, pH conditions are selected in order to favor the
production of H,. The liquid metabolites produced at this stage consist of volatile fatty acids such as:
VFA, mainly acetic and butyric, and alcohols which are readily metabolized by methanogens. The
second stage under conditions of neutral pH provides conditions for methanogenesis with CH4
production. The two-phase anaerobic digestion process, which produces hydrogen gas in the first
phase, followed by methane production in the second phase, has many advantages. However, the
process of biohydrogen production is much faster than biomethane formation, which requires
selection of the respective volumes of the two bioreactors. A possible approach for reducing the
difference in the hydraulic retention time of the two processes and hence the reduction of the volume
of the second bioreactor is the use of immobilized microbial cells in the second stage of the integrated
system.

The use of immobilized organisms in modern biocatalysis allows the acquisition of many positive
effects. Anaerobic sludge cells are capable of self-immobilization via formation of granules and
biofilms. The study of microbial species and the possible interactions between them will allow the
development of new strategies to increase methane and hydrogen yield by varying the factors
affecting the development of particular groups of microorganisms in the integrated system of two
laboratory bioreactors for biomethane and biohydrogen production. Recent years the culture-
independent genomic approach to elucidate the structure and functioning of the microbial community
became more accessible and promising.

Acknowledgements: This study is funded by the Bulgarian National Science Fund under contract
KII-06-M 26/5 “Innovative two-stage system for production of hydrogen and methane using
immobilized microbial anaerobic community”.
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Abstract

Microbial electrolysis cells (MECs) are a relatively new, advanced technology in which hydrogen is
produced simultaneously with wastewater treatment. It is a young generation technology for
bioenergy that possesses a tremendous potential. The use of the battery as external power source is
generally considered, but the use of renewable power generated from solar, wind, MFCs and waste
heat can be seen too.

Biological production of hydrogen in anaerobic conditions, using bacteria, is a promising and
advantageous area, especially when hydrogen is gained from a variety of renewable resources.
Substantial factors like availability and cost are highly important in the selection of waste materials
to be used in hydrogen production with fermentative bacteria.

Hydrogen can be produced biologically by bio-photolysis (direct and indirect), photo-fermentation
and dark-fermentation or by combination of these processes (such as integration of dark- and photo-
fermentation (two-stage process), or biocatalyzed electrolysis, etc

Key words: microbial electrolysis cells (MFCs), biotechnolo gy, renewable energy sources, bio-
hydrogen
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