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[IpencraBennTe 3a KOHKypca MaTepHaid BKIOYBAT: | MoHorpaduueH (XaOMIMTALMOHEH)
TpyX; 24 HaydHU MyOJMKALUH, BE OT KOWTO ca B M3AaHUsS pedeprpaHd W WHICKCHPAHU B
CBETOBHOM3BECTHU 0a3M JaHHU ¢ HaydyHa MH(opmanus; U 3 Opos myONMKyBaHH TIJIaBU OT
KOJICKTMBHA MOHOTpa(us, €HATa OT KOUTO € B ChaBTOPCTBO.

Pe3tome Ha MOHOTpaduUHUS TPY

[To HacTOSIIIUS KOHKYPC KaHIUAATHT y4acTBa C:

» Monorpaduuen Tpya Ha Tema ,,EHepruiina e(eKTHBHOCT Ha MPOMUIIIICHH CUCTEMH
B /aBa ToMa. MoHOTpadu4HHS TPYyZ € KOJEKTHBEH, MOpagl KOETO KaHAWIAThT
IIpEJICTaBs pa3leIUTeNeH IPOTOKOI 32 HETOBUS NPUHOC - OT cTp. 19 10 ctp. 64 u ot
ctp. 342 no ctp. 402 Ha Tom 1 ¢ ISBN 978-619-167-541-8 (meka xopuia) u 978-619-
167-543-2 (eneKTpOHEH BapuaHT).

I. Monorpaduuen Tpya

Enepeutina egpexmusnocm na npomuwinenu cucmemu: MoHorpadus, usa. Ha TexHUUYeCKH
Yuusepcurer — Codus, ISBN 978-619-167-541-8 (mexa kopuma) u 978-619-167-543-2
(eIeKTpOHEH BapHaHT).

Pesome: 1lo nannu Ha EBpocrar, bbiarapus ce Hapexga Ha €QHO OT KpalHUTE MecCTa B
EBpoOneicKusT chl03 MO0 €HEPrOEMKOCT Ha MPOU3BOJACTBOTO. TOBAa OT €lHAa CTPaHA CE IbIIKHU
KaKTO Ha MOPAJHO OCTApsUIOTO M €HEProeMKO MPOU3BOACTBEHO 000PY/IBaHE B IPOMUIIICHUTE
CHUCTEMH, TaKa M HEIOCTaThbUYHO J0OpPOTO YIpaBI€HHE Ha MPOLECUTE, CBBP3aHU C
NPOM3BOJICTBOTO, JOCTaBKaTa, paslpelesieHueT0o MW  IpeoOpa3yBaHe Ha  CHEPIus.
[ToBumaBaHeTo Ha eHepruiiHata e€()EeKTUBHOCT B IMPOMUIUICHUTE OOEKTH BOAM HE CaMo
NOHMKaBaHE Ha ce0ecTOMHOCTTa Ha MPOU3BEACHATa MPOAYKLUHSA, HO HMa CHOTBETHHUSA
HOJIOKUTENIEH eKoslorndeH edext. OCHOBHATA 11eJ1 Ha KOJIEKTUBHUS MOHOrpadu4eH TPy € Aa
ce IPEICTaBU MHOBAaTUBEH MOAXOJ IPU aHAIW3a HA TEXHOJIOTMYHUTE IPOLECH, CBBP3aHU C
IpeHoca, Ipeodpa3yBaHETO U pa3NpeesICeHUETO Ha EHEPrHsl, KaTO Ce I0COYaT OCOOCHOCTUTE U
cneun(UKUTE pU 0OCIeIBaHE HA PA3IMYHU KATETOPUH MPOMMIIUIEHN OOEKTH U CUCTEMH. 3a
LIeJITa CE€ pellaBaT 3aJadyd, CBbP3aHU ¢ HaOMpaHe Ha IIbpPBMYHA MH(OpMaI 3a OLCHKA Ha
CBIIECTBYBAIIOTO CHhCTOSIHME HAa €HepronorpeOieHueTo, cpaBHeHne ¢ noopure EBponeiicku
IPAKTUKMA 332 AHAJIOTMYEH THUI TPOM3BOACTBEHH IIPOLECH W  NPEUIOKCHHUS 32
€HEeprocrecTsBalyd Mepku C¢ (OKYC BbPXY MOHMKEHHME Ha BPEIHOTO BB3ACHCTBUE BBHPXY
OKOJIHATa cpenia. M3noa3BaHusT MOAXO0A € B CbOTBETCTBUE C ACUCTBAIM HOPMH U CTAHIAPTH U
MOYK€E YCIICIITHO /1a Ce U3II0JI3Ba KAKTO OT M3CJIe0BaTENH B 00JacTTa, Taka 1 Ja ObJie OT 1MoJi3a
Ha MH)KCHEPHATAa IIPAKTHKA.



B I'maBa 2 ce npaBu aHaau3 Ha OCHOBHMTE MPUHIUIM Ha TorioooMeHa. HakpaTko ce
NpPEeJCTaBAT OCHOBHUTE 3aBUCHUMOCTU Ha Pa3IMYHUTE BHUJOBE TOILUIOOOMEH Ipe3 U MEXIy
Pas3JIMYHU TeJIa, C eI U3I0JI3BAHETO UM IIPU aHAJIN3a Ha Pa3JINYHU TOIJIOTEXHUYECKH ITPOLIECH
B UHAYCTPHAIHU CHCTEMH M INPOMHUIIJIEHH OOEKTU. Bb3mpueTwsr moaxoxa 3a aHaiau3 Ha
IPOIIECUTE B CTAllMOHAPHA U HECTAI[MOHApHA (popMa 1MoKa3Ba, ye ce sBsABa KIYOB IIPH U300pa
Ha JJaicHa eHeprocuecTsBaia Msapka. C npeacTaBeHUAT MaTEMATUYECKU arapaT € Bb3MOXKEH
KakTo ,,0bp3“ aHaIM3 Ha peaula TOIUIOTEXHWYECKH IIPOLIECH NpPU H3IMOJI3BAHETO HA
aHAJIMTUYHM 3aBUCHUMOCTH, Taka M 3aJbJIOOYEHHM aHalIM3M Ha Oa3zaTa Ha KpHUTEpHUAIHU
3aBHCHUMOCTH. 3araTBar ce U CIeU(PUKH IPU U3MOI3BAHETO HA KOSPHUIIMEHTH, TICHO CBbP3aHH
C MOJCIMPAHETO HAa TOIUIONPEHOCHW IPOLIECH MPHU HU3IMOJI3BAHETO B H3YUCINTENHATA U
NpUIOKHA MeXaHUKa Ha ¢uryuaute. [IpaBar ce mpenopbku, OTHOCHO 3aTBAPSHETO HA CUCTEMHU
YPaBHEHHS IIPH PEUIABAHETO HA PA3JIMYHHA MHXKXCHEPHU 3aJauu.

B I'naBa 7, 1. 7.6 ce npaBu aHaJIu3 Ha CbBPEMEHHUTE CPEJICTBA 33 IPEHOC HA TOIUIMHA
U Maca MeXay ABe cpeau. TorutooOMmeHHHTE amapatu (Ti. 7.6.1) ca enHH OT HaN-IIMPOKO
pa3npoCTpaHEHUTE YCTPOUCTBA 3a MPEHOC HA €HEPTHUsl, U3MOI3BaHH B IPOMHIIUIEHUTE 00EKTH.
B ta3u rnmaBa ce mpaBu KpaThK aHajIM3 HA OCOOEHOCTUTE HA ChBPEMEHHHUTE TOIIOOOMEHHU
amapatd 10 OTHOIICHHE Ha TEOMETPUYHHUTE CHeNu(UKH U BUJ HA HU3MOJI3BAHUTE
TorioHocuTeN!. [IpoBeIeHUIT KpUTHYEH aHalIu3 € ¢ (POKYC He caMO BbpPXY €()EeKTUBHOCTTA Ha
MOCOYCHHS THII amapaTH, HO U TAXHOTO BB3JACHCTBHE BBPXY OKONHATa cpena. OCHOBEH €
BBIPOCHT 3a M300p Ha TOMJIOOOMEHEH amapaT, Mopaaud KOeTO aBTOPBHT HarJeHO IMpaBU
MpelCTaBsHEe Ha MPOEKTHATa W MPOBEpPOYHA 3a7add, KaTo M300pBT 3aBHCH OT METO/Aa U
oco0eHOCTUTE Ha 3aaadara. M300pbT Ha TOIIOOOMEHEH arapaT 3aBHCH OT peauiia (hakTopH,
KaTo 3HAUYMMOCTTa Ha BCEKU € €IMH OT TAX 3aBHCHU OT CHeUu(UYHHUTE OCOOCHOCTH Ha
npuiio’KeHue. 3a 1enra e pa3paboTeH MOy KbM ChIIECTBYBal] cOPTYEepeH MaKeT, KOUTO Ja
yJIECHU MOTpeOHuTeNs Mpu u300p Ha TOIMIOOOMEHEH amapaT MpH ChOI0JaBaHe Ha HETOBOTO
(GYHKIIMOHATIHO MpeIHa3HaYeHHE.

[Tpunocu Ha MOHOTpapUIHUS TPY

Hay4yHO-NpUJI0:KHU NPHUHOCH:

- OO6o00mieHn ca aHATUTUYHU W KPUTEPUATHH 3aBHUCHMOCTH 3a OIEHKAa Ha
TOIJIOOOMEHA MPU Pa3IMYHU TOIUIOTEXHUYECKU MPOLIECH B UHAYCTPUATHU O0EKTH
U CUCTEMH.

- IlpencraBeHa e ompocTeHa METOAMKA 3a OLIEHKa Ha e(eKTHBHOCTTAa Ha
TOINIOOOMEHHHM arapaTH.

- IlpencraBeHa e MeToAMKa 3a €KCIIPECEH aHAIM3 HA €()eKTUBHOCTTA Ha CIICIIU(PUIHH
TOIIOTEXHUYECKH MPOIIECU B UHIYCTPHSITA.

- TlokazaH e MeXaHM3bM 3a MpECMATaHE Ha TaJa Ha HANSTaHe B TOIUIOOOMEHHH
arapaTH TpH MPOTHYaHE Ha eaqHO(a3HH U BY(HAa3HU TOTOIIH.

NH:xeHepHO-NIPUII0KHU IPUHOCH:
- Cp3mazeH € MOAYN KbM CBIIECTBYBAll COPTYEpPEeH HPOAYKT 3a YJIECHEHHE Ha
noTpeOuTeNs P U300p HA TOITOOOMEHHHM arapaTy.



Pe3tome Ha HaYYHO-NPUNOXKHUTE NPUHOCK 3a NpeacTaBeHUTe
Hay4YHU Ny6MKaLUK U TNaBU OT KONEKTUBHU MOHOrpaduu

ITo noka3zaren I'7

[IpencraBennTe myOIUKAIMK 110 TO3H MTOKA3aTeN MoNaaaT B 0000IIEHOTO HAPaBIICHUE
TomionpeHacsiHe ¥ TOIUIOOOMEHHH anapaTu

Ilyonuxayuume ca coomgemuo: I'7-1 u I'7-2. OcHosHUmMe HAY4YHO-NPUTLOHNCHU NPUHOCU

ca.

I'7-1: Heat transfer performance of RI1234yf for convective boiling in horizontal

micro-fin and smooth tubes

AHanmu3upana € e(QEeKTUBHOCTTa Ha TOIUIOOOMEHAa B XOPH3OHTAIHH TPHOM, TIpH
KOHBEKTUBHO KHWIICHE Ha XyaauiaHus are’HT xuapodayopoonmedun (HFO) R1234yf. 3a
CbCTaBSIHE HA KapTU HAa PEXUMHUTE Ha TEYCHHETO € H3IO0JI3BaH H3YUCIUTEICH METO[
koMOuHupan ¢ Matlab. TorumooOMeHbT U axbT Ha Hamsrane 3a R1234yf ca ananusupanu u
W3YHUCIICHU 32 €JJHH U CHIIU paOOTHU yCIIOBUS, IIPU €IHAKHB BHHIIICH TUaMEThp Ha TpbOata do
= 9,52 mm, HO C pa3nu4Ha BBTPEIIHATA MOBBPXHOCT, €qHATA € IJIaJKa, a Japyrara c
MukpoopeOpsBane. Kaptute Ha pexxuMuTe Ha TEYCHHETO Ca ChCTABEHU MPHU TEMIIEpaTrypa Ha
Hacumiane 5°C, ¢ TorumHeH NMoTok 8,62 kW/m?2. PexxumMbT Ha COUpPAHUS ITOTOK C€ MOSBSBA
IIPY MHOTO HHUCKA IIBTHOCT Ha MacOBUS AEOUT M HUCKO MapOoChAbpiKaHUE, I0KATO B IN1aKaTa
TpbOa MpU Te3U YCIOBHUS MOTOKBT BCE OIlle € cTpatuduuupaH BbIHOB. CpaBHEHHETO Ha
e(eKTUBHOCTTA HA TOINIOOOMEHA MEX Ty MUKpOOpeOpeHaTa 1 Tiaikata TpbOa ce OleHsBa upe3
KoeuuueHTa Ha uHTeH3upuKanus E, koedurmenra na 3aryoute P u nniexca Ha eeKTHBHOCT
L. ITpu mpTHOCT Ha MacoBus ne6ut ot 111 go 333 kg/m?s 3a Temmneparypa Ha kurene 5°C,
pe3yaTaTuTe MOKa3BarT, 4Ye CPeJHUTE CTOMHOCTH ca choTBeTHO: E =2,18; P =1,45u [ = 1,54.
Bb3 ocHOBa Ha cpenHaTa CTOMHOCT Ha MHAEKCAa Ha €(pEeKTUBHOCT 3a LeJus pabOTeH Auana3oH
Ha kurieHe B Ta3u cratus (I = 1.54), Moke 1a ce HanmpaBH 3aKIIOYEHUETO, Y€ MUKPOOPEOPEHUTE
TPHOM W THAAKUTE TPHOM C eKojorudyHusl xjamwieH areHT R1234yf ca menHa 3amsHa 3a
W3MApUTEITUTE Ha TOTJIOOOMEHHHUIIUTE. Y CTAHOBH C€, Y€ MPU MapOChIbpPKaHUE “X’’ MO-TOJIIMO
or 80%, ¢eHOMEHBT Ha WH3CyLIaBaHE C€ TMposBsBAa B TIJAaJKUTE TPBHOU, JOKATO B

MHUKpoopedpeHuTe TpbrOu To31 (peHOMEH He ce HabroaaBa.

I'7-2: Verification and validation of a CFD model of a fixed regenerator for heat

recovery from air

HanpageHna e nmpoBepka u BanuaupaHe Ha mU(POB MOJEN Ha CBBP3aHUTE NPOIECH HA

TOIJIO- U MacoOOMEH W aepoJWHaMUKa B HEIMOJBMKEH pEereHepaTop THM ,,TYeHa MUTa“ ¢



KBaJIpAaTHH KaHAM 32 BH3CTAHOBSIBAaHE HA TOIUIMHA OT OTPaOOTEHHWs BBH3AyX Ha JIOKAIHA
BEHTWJIALlMOHHA cucTeMa. [Ipouecure B pereHepaTopa ca CUMYJIUPAHU MTOCPEACTBOM METOJA
CFD. CFD wMonembT Ha pereHepaTMBEH TOIUIOOOMEHHUK ¢ (uKcHpaHa wmaTpuia 3a
NEleHTpaIu3upaHa BEHTUIAIUS Ha BJIaXKEH BB3yX € ChC U 0€3 KOHACH3allMs Ha BOAHU Mapu
10 CTEHUTE Ha KaHanuTe. Ypes3 cumymalu € u3ciaeIBaHo Kak e()eKTUBHOCTTA Ha pereHepaTopa
ce BiMs€ OT KOHJEH3alusATa U W3MapeHHEeTO BbB Bb3Ayxa. M3uMcieHusTa Ha TOIUIMHHATA
e(EeKTUBHOCT W 3aryOuTe Ha HaylAraHe Ha (UKCUpPAHUS pereHepaTop ca HalpaBeHH dYpe3
W3BECTHU AHAJIUTHUYHU MOJENM U PE3yJITaTUTE Ca CPABHEHU C TE3UW HA YHMCIEHUS MOJEIL.
CpaBHsBaT ce pe3yJTaTUTE OT CUMYJIALIMATE Ha MOJENA C EKCIIEPUMEHTAIIHU JTaHHU U JTaHHU
oT pedepeHTHH M3TOYHHITH. Y cTaHoBHU ce, ye CFD MomensT Ha mporiecute B pereHeparopa
3HAYUTENIHO MPEBB3XO0KJa AaHAIUTUYHUTE MOJEIN HEe caMO IO OTHOLIEHHEe Ha o0XBaTa Ha
TPaHUYHUTE YCIOBUS, HO U TIO OTHOIIEHHUE HAa TOYHOCTTA. M34nCIuTeTHUIT MOIeN € TECTBAH C
AQHAIUTUYHYU PEIICHUs U TMOTBBPJEH C EKCIEpUMEHTAIHU JAaHHU, KaTO € YCTaHOBEHO, 4e
pe3yaTaTuTe OT CUMYJAlMATA 3a BIaKEH BB3IyX Oe3 KOHIEH3alUs W M3MapeHHe ca J0cTa
TOYHM M HageKIHHU. Pesynrature OoT cumynammure ¢ ($a3oB Mpexoa B KaHAJIUTE HE ca
NOTBBPJACHHU, HO MOJCIBT € Bepu(UIUpaH ¢ nojoOHu pemeHus. Te ca OpUEeHTUPOBBYHU U
NOKa3BaT, Y€ HAMaJsIBAHETO Ha TOIUIMHHATA €(EKTHUBHOCT MPHU HU3IMOJI3BAHUTE TPAHUYHU

ycnoBus € 0koJio 10% u 3aBUCH OT TOIUIMHHUTE CBOMCTBA HA MaTepHalla Ha PEreHepaTopa.

ITo moxka3zaren I'S

[IpencraBenuTe myOJMKAMM MoOraT Ja Cc€ pa3leniar B ClIeAHUTE 0000IIeHn

HaIlTpaBJICHUA
1. TomionpeHacsiHe U TOIJIOOOMEHHU aANapPaTH

B mosa nanpasnenue nonaoam creonume nyonuxayuu: I'8-1, I'8-3, I'8-15, I'8-17, 8-

18 u I'8-19. Ocnosrume HayyHO-NPULONCHU NPUHOCU CA:

I'8-1: Kvm eévnpoca 3a unmen3ugukauyus na npouecu 6 monjioooOMeHHu anapamu,
padomewiu npu pedcCUMHU Memoou

B paborarta ca aHanmM3upaHu pe3ysiTaTH IPU PeKUMHHU (aKTUBHHU) METO/IM Ha padoTa Ha
TormooOMeHHn cuctemu. C orien mpeuu3upaHe Ha MPOTHYAIIMS TOIUIOOOMEH € BBBEICH
€KCEepPruiHus K.II.J., KOWUTO CE SBSBA MO-HUCBK OT TEPMHUYHUSA, IOPaAH TOBA, Y€ CE OTUYUTAT

TEPMOIUHAMHUYHUTE 3ary61/1 Ha cucremara.

I'8-3: Eoun nooxoo 3a onpedensine Ha KpauHume memnepamypu Ha nomouume 6

cucmemu om momtoo@nermuuu

W3BBpImICHO € eKCHepUMEHTANIHO HW3CJe/BaHe 3a TOJy4YaBaHE Ha JUPEKTHU
3aBHCHUMOCTH 3a OIpEe/eIisiHE HAa KpallHUTE TeMIepaTypy Ha TOpPEIIns U CTYACHUS MOTOK MPH
pEeKyNepaTuBHU TOIUIOOOMEHHUIM Oe3 (a3oB mpexon Ha paboTHuTe cpeau. Ilomydenure

MaTCMaTUYHU MOACIIN alTIpOKCUMHUPAT C BUCOKA TOYHOCT CKCIICPUMCHTAJIHUTC TAHHH. CTJH_[I/ITG
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AaBaT BB3MOXHOCT 3a AUPCKTHO PCHIABAHC Ha MPOBCPOYHATA 3aJdayda 0e3 Ja CC€ IIO3HaBa
CTOMHOCTTa Ha KOG(bHHHeHTa Ha TOIIOMIPEMHWHABAHC, KAKTO CC Ipcajiara B KIIACHYCCKHUTC
AJIrOPUTMHU. Te ca m ximou 3a pfiiaBaHC Ha IIPOBEpOUYHATA 3aaada 3a CHUCTEMH OT

TOILUIOOOMEHHMUIIHN.
I'8-15: Mampuuen memoo 3a ananu3 Ha cucmemu om moni1000MeHHU anapamu

MarpudeH MeToJ] € ajanTupaH 3a aHaiu3 (M3YMCIsBaHE HAa CTATHYEH OajaHC) Ha
CHCTEMH OT TOIUIOOOMEHHH anapatu. MeToabT € peaJu3upaH KaTo NOTPEOUTEICKH copTyep B
nporpamHata cpena Ha MATLAB, karo npu codTyepHaTta UMIJIEMEHTALMS € MPUIIOKEHA
TeopusTa Ha Tpadure. 3a M3YUCIABAHE HA TOIUIMHHUA OajaHC € HM3MO0J3BaH METOAbT Ha
npeHocHuTe TorumHHM eauHUI| (e-NTU). CodryepbT mo3BonsiBa Obp30 MOJCIHpPaHE M
CUMYJIUpaHE Ha CUCTEMHU OT TOIUIOOOMEHHU amapartd, MpU KOUTO CHEHU(PUUYHUTE TOIUTUHHU

KanmalnquTETHU Ha IMOTOIMUTE MOorat Jga CC mpruemMar 3a IOCTOSSHHU.

I'8-17: Study about the Flow pattern map for convective boiling in smooth tube of
refrigerant HFO R1234yf

[Tporuo3upan e mojena Ha oToka 3a HoBus xyaguieH areHT HFO R1234yf, Bb3 ocHOBa
Ha o0IaTa KapTa Ha MOJEJIHMTE Ha MOTOKA 32 KOHBEKTHBHO KHIIEHE C ITBTHOCT Ha MacOBHUS
ne6ut G [kg/m?s] B 3aBUCHMOCT OT TAPOCHABPIKAHUETO X [-], 10 Bpeme Ha (Ha30BHsI IPEXO1 Ha
HacuTeHHs xyaauieH arent. [Ipunaraitku mogena Ha Wojtan et al 2005 u Zhuang et al 2016 3a
KUIIEHE, 32 J1a ce mocTpou Kaprata 3a R1234yf, ce knacuduimpaxa pexxuMuTe Ha MOJICIIUTE HA
MIOTOKA M MPEeXOoJHaTa JIMHUSA MEXIY TAX. POKUMBT Ha HambIHO CTpaTU(UIIUPAH MOTOK € B
JqWama3oHa Ha MacoBus aeout, mo-mMambk oT 30 kg/m?s 3a menws AMana3oH Ha
napoCchIbpPKaHUETO. PeXXUMBT Ha cTpaTuUIMPaH BHIHOOOPA3eH MOTOK MOMNaAa B AUaNa3oHa
Ha nebuta ot 30 mo 120 kg/m?s, npu mapochabpkanue mo-roiasiMmo ot 0,34. Ipu mo-Bucok
macoB aeout G > 120 kg/m?s, B quana3oHa Ha mapochIbpikanueTo X > 0,34 ce momyyaBa moYTu
IPBCTEHOBHUIEH NMOTOK. PEHOMEHBT Ha U3ChXBAaHE CE€ MOSBSABA, KOIaTO NapOChIbP)KaHUETO €

okouio 0,8 1o 0,9. Hakpas me Ob1e cpaBHEHa KapTaTa Ha IMOTOKA HA JIBa PA3IUYHU XJIATUITHU
arenta R134A u R1234yf.

I'8-18: Prediction the heat transfer coefficient for convective boiling of refrigerant
HFO RI1234yfin horizontal tube

HanpaBena e omeHka Ha Koe(uIMeHTa Ha TOIUIONPEMHMHABaHE 1O BpeMe Ha (ha3oB
IpeXoJ NpU KOHBEKTUBHO KUIIEHE B XOPU30HTAJIHA IJIa/IKa TpbOa 3a 3aMecTBaLIMs XJIaJAUIeH
areHT HFO R1234yf, kaTo ca u3mon3BaHn OCpeIHEHU AAaHHW OT HSIKOW HAMYHU KOpEJaIlnu.
[IporHo3upaHusT pabOTEH IUana3oH Ha KOHBEKTUBHO KurieHe 3a R1234yf npu 5°C ¢ npomsina
Ha mapochabpkanueTo X = [0,05-0,95], rormuaen motok q = 8,62 kW/m? u 17,2 kW/m?, MmacoB
neout G = [111-333] kg/m?s. Onpenensine Ha Haii-go0paTa Kopenaius 3a MPOrHO3UPaHe Ha

KoeuIMeHTa Ha TorionpeMuHaBaHe 3a R1234yf npu ananu3 Ha rpemkara €% MeExXIy



pe3yirara OT KOpejauusaTa CbC CpeOHMsS pe3ydrar oT JaHHuTe. M Hakpasd ce cpaBHsBar

CpeaHuTe MPOrHO3HM AaHHU 3a R1234yf u R134a.

I'8-19: Prediction the pressure drop for convective boiling of refrigerant HFO
R1234yf'in horizontal tube

[Ipyn KOHBEKTHBHO KHIIEHE B XOPH30HTAJHA TJIagKa TphOa 3a HOBHS XJIAIWUJICH arcHT
HFO R1234yf, e ocpeanen naja Ha HasArane Ha ABYGha3HO TeUEHUE, KaTo € M3I0I3BaH METO/]
3a mporHosupane. lIperienany u MPUIOKEHU ca CeAeM KOpelaluy 3a OleHKa Ha cpeaHara
CTOMHOCT Ha MaJaHeTO Ha HAJIATaHeTO B paboTHHA nuana3oH Ha R1234yf, 5°C, ¢ mpomsiHa Ha
napochabpkanueTo X = [0,05-0,95], Tormmaen norok q = 8,62 kW/m? u 17,2 kW/m?, macoB
noTok G =[111-333] kg/m?s. AHanU3bT Ha TPEIIKUTE MEXKAY PE3YyJITATUTE OT KOPETAITMOHHUTE
JAaHHU ¥ CPEIHUTE JIaHHW TIOKa3Ba, ye kopenaruute Ha Muller Steinhagen m Heck 1986 u
Quiben 1 Thome 2007 ca Hail-moOpuTe 3a U3MOI3BAHE ChC CPEAHA MPOIEHTHA Irpelika oT 7%
u 19% u crannaptHo oTkinoHeHue ot 19% u 7% cporBeTHO. B cpaBHeHue ¢ R134a, naganero

Ha HassiraHeto Ha R1234yf e mo-nucko ¢ okono 18%.
2. EnepruiiHa e¢)eKTHBHOCT Ha CTPaaH

B mosa nanpasnenue nonaoam cieonume nyoruxayuu: 1'8-2, I'8-14, 1'8-20 u I'§-22.

OcHosuume HAYYHO-NPUTIONHCHU NPUHOCU CA.

I'8-2: Ononzomeopsaseane Ha 2eomepmaina 6004 3a OmMONIEHUe HA

aomunucmpamuenu cecpaou ¢ Krocmenoun

B pabGorara ca mpencrtaBeHn pe3ynTaTH 3a €aHa OT crpaauTe (Xurus) ydacTBaIld B
npoekT Ecolinks "HamansBane Ha mapHUKOBHUTE Ta30BE 4Upe3 M3MOJ3BaHE HAa Bh30OHOBSIEMH
eHepruiinu pecypcu'. OCHOBHATA 1€ Ha IPOEKTa € pa3paboTBaHe Ha EHEPrUeH U OU3HEC IJIaH
32 PEKOHCTPYKIIHS Ha ChLIECTBYBAIIUTE OTOIUIUTEIIHN MHCTAIALUH B IBE OOIMHCKHU CTPAIH B
Kroctenaun, 3a 3aMsiHa Ha €HEPTUIHUSA U3TOYHUK - TEYHO TOPUBO C reoTepMaiHa Boga. Cren
JIeTaliJIeH eHeprueH OJUT, MOJICIMPAaHe M CUMYJIMPaHEe Ha pa3xo/ia Ha €HepTHus, ce pasKpuxa
aHaJIM3Mpaxa €HeprocrecTsBalld MEPKH 3a HaMajsiBaHe Ha MOTPEOJEHHUETO Ha TOIUIMHA 3a
OTOIUICHHE B cTpajarta. Upes TX CTaHa Bb3MOXKHO peaylpaHe Ha OTOIUIUTEIHUS TOBApP, KOETO
Ce OTpa3M MPSKO BbPXY MHBECTUIIMHUTE 32 aOOHATHA CTAaHLUA 3a TeoTepMajHa BOJa, KaKTo U
BBPXY CbXPaHEHUETO Ha 3allaCUTE TOIIMHA C T€OTEpPMaIHATa BOJIA (32 OCUTYPSIBAHE U HA IPYTH
norpedurenu). Cien olleHKa Ha MTapaMeTpPUTE Ha HaJIMUHATa reoTepMaliHa BoJia ce pa3padoTu
UJICEH MPOEKT 3a HE0OX0MMaTa PEKOHCTPYKIMA HA OTOIUTUTEIHATAa HHCTATALNS, TIOXOAA1Ia
cXeMa M opa3MepsBaHE Ha WHAMPEKTHAa aOOHAaTHA CTaHIMS, Opa3Mepu ce TphOHa Mpexa 3a
TOIUIOCHAOiBaHE Ha crpajara ¢ reoTepMajHa BOJAa, U C€ MPEeUIOKH OM3HeC IIaH 3a

NPaKTUYECKO peaM3upaHe Ha PEKOHCTPYKIIUSTA.

I'8-14: Ananu3 na 6v3mMoxcHOCMIMA 34 AKYMYIAUPAHE HA CIYO NPU KIUMAMUIUDAHE

Ha czpaou HA MbpP206CKU UEeHmMpPOoe6e 6 102iCeH Buemnam



I'eorpadckoTo pasmosiokeHHEe Ha AbpkaBaTa BueTHam Qopmupa TOIBJI U BIIAXKEH
KJIMMAaT, B Pe3yjiTaT Ha KOWTO rojisiMa 4acT OT MOTPeOJICHHETO Ha €HEprHsi B CTpaguTe € 3a
oxynaxnaaHe. EnHa oT Bb3MOXHHMTE MEPKHU 3a CIIECTSIBAHE Ha Pa3XOAM 3a €HEpIus B CTpaju €
aKyMyJIMpaHe Ha CTyJa, M3M0J3BaH B KIMMATHYHU MHCTalalUH. AKyMYJIMPaHHSIT CTYy[ Ce
IpOM3BEXJa B MEpPHOJAa Ha JAEHSA KOraro lieHaTa Ha €JIeKTpPUYECTBOTO € Hal-HUCKa, a ce
notpe0sBa B 4aCOBE OT BbPXOBATa 30HA B JCHOHOIIMETO, KOTaTO 1IEHATa Ha €JIEKTPUYECTBOTO
€ BHCOKa W BOJOOXJ@XIAIIUTE arperatu ce H3KIouBarT. B paborata ce aHamusupa
aKyMYJIMPAaHETO Ha CTy[, KaTo MspKa 3a CIIECTBaHE Ha pa3XxoJyu 3a €HEPIUs B ThPrOBCKU

LEHTBP, HAaMHUpAIll ce€ B IpaJ XOLKUMHUH — 10)KeH BruetHam.

I'8-20: Pe3yimamugno Koauuecmeo cneCmeHu eMucuu Ha 6b21€po0eH OUOKCUO npu

CAHUpaHe Ha sicuiuina czpaoa npu 3UMEH percum

W3BbpuIeHO € u3cieBaHe 3a YCTAaHOBSBAHE HA CIECTEHUW BPEIHU EMHCUU NpHU
U3IIbJIHEHNE Ha eHeproe()eKTUBHU MEPKH 32 HAMAJISIBAHE HA Pa3X0/la Ha €HEePrusl Ha )KUIMIIHA
CrpaZa U 3a OTACJIECHUTE EMHCHUU Ha BBIJIEPOJEH IMOKCHU] 3a IMPOU3BOACTBOTO HA TOIUIMHHA
U30J1allid U AorpaMa. BbOpeku orpaHMYEHOCTTa Ha €KCIEPUMEHTA, pe3yJlTaTUTe IOKa3BaT
BJIMSHUE Ha JAe0eMHaTa Ha TOTTMHHATA U30JIallusl BbPXY CIIECTEHHU U BJIOXKEHU (OT/IEICHUTE B
atmocdepata) emucun CO,. Ilpu chiiecTByBanTe HOPMATUBHE M3UCKBAHUS 32 SKWINIIHUA
Crpaay, OTIEJIECHUTE EMHCHUM Ha BBIJIEPOACH IUOKCHI IPHU MPOM3BOACTBO HAa TOIUIMHHA
M30J1allig U HOBU CTHKJIONAKETH € OKOJIO 95 t, a CHEeCTEeHMTE €MHUCHM 3a OTOIUIEHHE Ha
pasriexaaHara crpaja ca 45 t 3a ronuna. Te3u pe3ynraru nokassar, ye clie]] BTopaTa roAMHa
nie uMma peanHo crectsiBane Ha emucuu CO,. AKO ce BKJIIOYAT U €MUCUUTE OTIECICHU 3a
TPAHCIOPT U JAPYIH CBHI'BTCTBAILM Pa3Xogu B IPOU3BOJCTBOTO (OCBETIIEHHE, OTOIUIEHHE U
OXJIaXK/1aHE B IPOM3BOICTBEHUTE OMEIICHUS ), pE3YJATAHTHOTO CIIECTsIBaHE OM 3aII0YHAIIO CIIe]T
YyeTBbpTaTa WK nerata roguHa. OT U3JI0)KEHOTO € BUJIHO, Y€ € Pal[MOHAJIHO J1a CE IPEeAIpUeMar
eHeproe(eKTUBHU MEPKH 32 HAMaJIsIBAHE HA €HEPIrUATa 3a OTOIUIEHUE (M BBIVIEPOJIHU €MUCHUN)

NIPY CTapH CTPAIH.

I'8-22: Hakou acnekmu npu onpeoensine HA eMucuume Ha NAPHUKOGU 2aA306e Om
C2PAOHU UHCMANAUUU NOMPEDABAULU 20PUGO

AHanmu3upaH € MOJENbT, NPEACTaBeH B HOpMaTHBHaTa ypenda Ha bwarapus, 3a
ompenensse Ha CO: eMHCHUTE OT CrpaJHU WHCTAJNAIMU, W3MOJ3BALIM TOPHBO KaTO
CHEPrOHOCUTEN. YCTaHOBEHH Ca NPOIYCKH, KOHTO BOAAT 10 3HAYUTEIHU TPEIIKU B
pe3yNTaTUTE 3a HAKOHM OT M3IOJ3BaHUTE ropuBa. EquH OT dakTopuTe, KOMTO ce M3MOI3BaT 3a
U3YKCIICHHE Ha EMUTUPAHUTE KOJIMYECTBA BBIVICPOACH TUOKCHI, IIPH M3rapsHEe Ha Pa3InyHU
pecypcu, e KoeuIMeHTa Ha eKOJIOTHYEH EKBUBAJICHT M MIPOITYCKUTE Ca CBBP3aHU OCHOBHO C
Hero. 3a OTCTpaHSBaHE Ha HEAOCTATBIMTE CE€ Tpeaara KoepHUIMEHTa Ha EKOJOTHYCH
exBuBAICHT Kco.e (g CO2kWh) nma ce 3amenn B mMonena chC crnenupuuHUS EKOJIOTUYEH
€KBHBAJICHT Kgoze (kgCO2/kgfuel). IlpencraBena e Tabauma cbC CHOTBETHUTE CTOWHOCTH Ha

IPEIOKEHHS TapaMeThP.



3. H3caensaHe Ha TONMJIOOOMeHa, MacOOOMEHa U eHePrUHHUTE XapaKTePUCTHKHU

Ha J1a0opaTopeH peakTop

B mosa nanpasnenue nonaoam cneonume nyoauxayuu: I'8-4, I'8-7 u I'8-8. Ocnosnume

HAYYHO-NPUTOIICHU NPUHOCU CcA.

I'8-4: Tonnooomen npu pazovpreane 6 J1a00pamopeH peaKkmop ¢ HO8 MmMun

Pa3dvpKeauio ycmpoicmeo u Xopu3oHmaiHo HAGUMA cepnenmuna

U3BbpiIeHo € 7a6opaTOpHO M3CIIeABAHE HA TOMIOOOMEHA B peakTop ¢ obem 4 dm’, B
KONTO € MHCTAMpaH HOB TUIl Pa30bPKBAIIO U a€PUPAIIO0 YCTPOHUCTBO, U UMa XOPU3OHTAIHO
HaBHUTa TpbOHA CepreHTHHa. M3MepBa ce TOII0OOMEHBT OT CTpaHaTa Ha pa30bpPKBAHETO 02 =
f(Nu2). Onuture ca npoBeXIaHH MPU Pa3IunIHU 000pOTH Ha BbpTeHe, oT n = 100 non=1 200
min’!. 3a chOTBETHHTE CpeHHM TeMIepaTypu ca OTUMTAHH KpuUTepusaT Ha Ilpannrn (Pr) u

BHUCKO3UTETHT Ha BOAATA U U Ucr-

[ToydeHo e KpuTepHaaIHO ypaBHEHUE OT BUJIA!

Nu, = 0,165Reg’66P7"0'33 (L)
IJ'CT

_ Nuz Dcepn

a, = PR W /m?K

HanpaBeHo e cpaBHeHue crpsiMo TypOuHa ,,PHIITHH", 3a XOPHU3OHTATHO HaBHUTA
ceprieHTuHa. PesynrarsT npu TypOuHa ,,PemThH" e mpubnausurenHo ¢ 21%, nmo-mo0sp oT
MOJTyYEHUS B U3CIIEABAHETO, HO MIPH 2,5 IHTH MO-TOJISIM ,,HETO" pa3xoj 3a pa30bpKBaHe, BUIHO

OT CHEPTUHHUTE XapaKTEePUCTHKHU Ha ABeTe Obpkauku Ky = Eu = f(Reg).
I'8-7: Obemen koepuuyuenm na macooomen Kpa 6 nabopamopen peakmop ¢ Hoe mun
Pa30vpKeauio u aepupawio yCmpoucmeo

NzcnenBan e macooOMeHa (00emHMs KoeuIreHT Ha Macooomen Kia), KoiTo ch3aBa
HOB THUN pPa30bpKBAIIO YCTPOWCTBO M HEOOXOAMMATa MOIIHOCT 3a OCBIICCTBSIBAHE Ha
pazObpkBaneTo. M3ciieBaHETO € OChIIECTBEHO B TabOpaTOpeH peakTop, YuiiTo odem e 6 dm’,

C BrpajJicHa MeJIHA CEpPIaHTHHA U OTOOMHUITM, BHB BOJHA CPE/a.

OnuTrTe ca MPOBECHU IPH Pa3InuyHU 000POTH Ha BbpTeHe, B o0xBaTta ot 800 1o 1400

min®
OO6eMHUAT KOePHUITMEHT HA MAaCOOOMEH CE OTpe IS TI0 3aBUCUMOCTTA!
*
Kija =————,h
At
KBJETO:

C* — 1oCTUTHATO MAaKCUMAITHO ChIbPXKAHKUE Ha Pa3TBOPEH ras, %;

Co — HayasIHO (MUHUMAJIHO) ChAbpKaHUE HA Pa3TBOPEH ras, %;



AT — BpeMe 3a HacHIaHe Ha paboTHaTa cpeja (TeuHocTTa), h'.

Pesynarature oT u3MepBaHHMATA ca TPEICTAaBEHW B TaOIW4YeH W TrpaduueH BUL.
N3cnenBaHoTo pa30bpKBaIIO yCTPOWCTBO, MPUIIOKEHO B MOJIEJIEH PEaKTOp MocTura o0eMeH
koepuueHT Ha MacoobMmeHn Kja =229 h™!, mpu mnepudepna ckxopoct 4,8 m/s. Ilo
JUTEpPAaTypHU JAHHM, CTaHJapTHATa MIecT-JIONaTkoBa TypOuHa Tun "PhmThH" mocTtura
MaKcHUMaJleH Koe(UIMeHT Ha MacoodmeH K;a = 160 h™1, npu cwmara nepudepHa ckopoct u
cnenuduyna moraoct P/V = 3,5 W/dm3. I[Tonyuenure pe3ynratd aaBaT OCHOBaHHE Ja Ce
HANpaBH HW3BOJIA, Y€ H3CIEABAHOTO Pa30BPKBAIIO YCTPOMCTBO HU3MBIHSIBA YCIOBHUSATA 3a
paboTOCIOCOOHOCT U €HEeprocrecTsBaHe U MOXKeE Ja Ob/Ie U3MOI3BAaHO B OMOTEXHOJIOTHYHOTO

IMPpOU3BOACTBO.

I'8-8: Bausanue na oOposa u pazmepa Ha OmMOOUHUUUmME 6BPXY MOUWHOCMMA 34

pazovpKeane ¢ 1abopamopen peaKmop

[IpoBeneno e mabopaTopHO HU3CIEABaHE 3a BIUSHUETO HAa Oposl U pa3MepuTe Ha
OTOOWHUIINTE BBPXY MOIIHOCTTA 3a paz0bpkBaHe B JabopaTopeH peakrop. M3BeneHu ca
MPOCTH ypaBHEHHUs TMOAXONSAIIM 3a WHXKCHEpHATa MpakTuka. Pa30bpkBaHeTO € TpoIec ¢
HIMPOKO MPUIOKEHUE B XUMHUYECKaTa U OMOTEXHOJIOTUYHATA MPOMHUIIUICHOCT. B To3u mporiec
BaXKHA XapaKTePUCTHKA 3a MOTPEOJICHHETO Ha EHEprusi € MOIHOCTTAa HeoOxoauma 3a
pazobpkBane. Ts € QyHKIMS HAa MHOTO TapaMeTpH: KOH(GUTYpalus U pa3Mepy Ha peakTopa,
BHJI M pa3Mepu Ha pa3ObPKBAIIOTO YCTPOHUCTBO, CBOMCTBA HA pa30bpKBaHATa cpena U T.H.. B
pabota e m3cineaBaHo BiusHHETO Ha Opost (N) m pasmepute (Z) Ha OTOOWHHIIMTE BBPXY
HeoOXouMaTa MOILIHOCT 3a pa30bpKBaHe BBB BoJHA cpeda. [lomyueHa e 3aBHCHUMOCTTa Ha
Koe(UIMEHTa HAa MOIIHOCTTa OT yuciaoTo Ha Peitnomac Ky = f(Re), kakro u 0000IIeHHTE
3aBucumoctd Ky = f(N,Re) u Ky = f(Z, Re). AIpoKCHMAallMOHHHUTE YPAaBHEHHUS Ca U3BEICHU
BeB Buga Ky = ANBRe® u Ky = AZBRe®. ExcriepuMeHTBT € MpoBeieH B 0071acTTa Ha
kputepusi Ha Peltnonzac nwag 15 000, kato ce mpeaBMXAa M3CIEIBAHMITA J1a MPOABIKAT B

o0J1acTTa Ha HUCKA CTETEeH Ha TypOynu3anus U B JaMUHapHaTa 00JacT.
4. W3cuaenBaHe HA TONMJIO(GU3MYHU U TEPMOJUHAMUYHY CBOMCTBA HA BelleCTBA

B mosa nanpaesnenue nonadam creonume nyonuxayuu: 1'8-5, I'8-6, I'8-9, ['8-10, I'8-11

u I'8-12. Ocnosnume HayuyHO-NPULONCHU NPUHOCU CA:
I'8-5: Cneyuguuen monnunen Kanayumem Ha Memaiu

HanpaBen e anamu3 Ha mpoOiiemMa 3a omnpefeisHe Ha CrHeuu(UYHUS TOIUIMHEH
KamaiuTeT OCHOBHO Ha MeTanu. [Ipenoxenn ca oOOOIIEHH €MIUPUYHM 3aBHCHUMOCTH 32
ompenensHeTo My npu Temmneparypu Hajg 0°C, karo 3a HIKOM MeETald ca IpeICTaBCHU
CBHOTBETHUTE KOHCTaHTU. [lomydeHusT u3pa3 3a ompeaensHe Ha U300apHus cnenuduyeH
TOIJTMHEH KalaluTeT KaTo (YHKUIMSA HAa aTOMHATa Maca MOXe J1a C€ M3I0J13Ba KaTO M3TOYHHUK

Ha MpeaBapuTeaHa HHpopmalus npu pa3paboTBaHe HA HOBU MaTEPHUAIHU U CILIaBH.



I'8-6: Ilpunosicenue na usKycmeenu He6POHHU Mpeicu Npu onpeoensine Ha HAKOU

mepmodunamuuuu C80IiCMEa HA 030HO0B80 DE30NACHU XNIAOUIHU A2EHMU

AHaJIM3UPaH € XJIAJAWICH areHt oT cepusita [sceon Ha DuPont™, karo 3a npeacraBuTen
Ha cepusara € m3bpan MO29 (R422D). 3a cpaBHeHHME Ha TOYHOCTTa Ha MOJCIHPAHE C
u3KycTBeHU HeBpoHHU Mpexu (MHM) e HanpaBena anpokcumariys Ha JAaHHUTE 32 HAJIATAHETO
Ha HaCHUIIAaHC I10 JIMHUsATA Ha TCHHOCTTA p, C TpPaAUIIMOHHO YpPaBHCHUC OT BU/Jld HA YPABHCHHUC:
v

DPc

In—= T?C(nlﬁa + n,9° + n39°¢ + ny99).

C nomomra Ha THM ca anpokcuMupaHu HajJsraHETO Ha HACHUIIAHE U IUTBTHOCTTA IO
JsBaTa M JjCHATa TpaHWYHU KpuBHM 3a xmaauieH areHT MO29 (R422D). 3a uenra e
koHcTpyupana MHM c o6paTHO pa3npocTpaHeHue Ha IPEIIKaTa, ChCTOSIIA CE OT YETUPH CIIOS,
Ba OT KouTo ca ckputu. [Ipu TtpenupoBka Ha MHM, nannHute ca paHIoMU3UpaHHU, KOETO
yCKOpsiBa 00YYEHHETO U Ce TOCTHUTra Mo-manka rpemka. Ooyuenunero Ha MHM e u3BbpiieHo
BBPXY IOJMHOKECTBO Ha BXOAHUTE NaHHU. Ciies TPEHUPOBKATa Ca HAIPAaBEHU W3UYUCIICHHS B
LeJIHs JUAMa30H U MTOJIyYeHHUTE PE3yITaTh ca CPABHEHM ¢ U3XoauuTe. HanpaseHo e cpaBHeHne
Ha OTHOCHUTEJIHATA IPELIKA [TOJIy4eHa IIPU allPOKCUMALIUS C ONUCAaHUSA TEPMOJMHAMUYEH MOJEI

u ¢ nomoira Ha UHM.

HamnpaBeHuAT 4ncieH eKCIIEpUMEHT II0Ka3Ba Bb3MOXKHOCTTA 3a u3nonssane Ha MHM
IIpU alpoOKCHUMAlMsATa HAa HIKOM TEPMOJMHAMUYHM CBOMCTBAa HAa XJAIWJIHUTE AareHTH.
OTtHocuTenHaTa rpeliKa Ipy U3I0JI3BaHE Ha aJieKBaTeH TepMoanHaMuyeH Moaen € nox 0,1 %,
HO CBCTaBSHETO Ha MOJEJAa U ONPEAETSIHETO Ha KOS(QHUIMEHTHTE € TPyJOoeMKa NEHHOCT U
M3KWCKBa BUCOKa kBanmupukanus. OTHOcHTenHATa Tpemka npu anpokcumarus ¢ MHM B
pabotaus nuama3oHd ot 210 K mo HemocpeacTBeHa O6JM30CT ¢ KpUTHYHATA TEMIIEpaTypa € OT
0,5 mo 1%, mpu pasriexnaHuTe TEPMOJMHAMUYHM BEJIMYMHHU, KaTO alpoKCUMAalUsITa C
nomomra Ha MHM e Obp3a (cieq mbpBOHayamHaTa TPEHHPOBKA) M HE M3UCKBA HUKAKBa

CreIaHa KBaTU(DUKAIIHS.

I'8-9: Hccneoosanus mepmoounamuiecKux ce0iCme 2e0mepmaibHulX UCOYHUKO

¢ boncapuu

W3cneaBanu ca TOINIMHHUAT KalallUTET U HAJIATAaHETO Ha HACHUIIAHE B 3aBUCHUMOCT OT
MHUHEpaJIHUsI CbhcTaB Ha Bogata B u3Bopute: KOM, T'opna bans, Xucap u JleBuH.
W3cnenBaHeTo € MpOBENEHO MpPH H30XOPHO HArpsiBaHe M OTYMTAHE, HapacTBaHE Ha
TEeMIIepaTypara ¢ yBelIudaBaHe Ha Hajsraneto B 1 bar. [maBHa 0cOOCHOCT HA MUHEPATHHUTE
BoJM B bbarapus e paznooOpa3ueTo Ha pa3TBOPEHU MUHEpAJIHU BellecTBa B TaX. Karo obmu
MIOKa3aTesH ce U3THKBAT KOHIIEHTPAMUTE Ha (DIyOpua, XUIPOKapOOHATHU U HATPUEBHU HOHH,
3HAYUTCIHOTO KOJIMYCCTBO HAa MCTACHJINIIMECBA KUCCIIMHA, BUCOKAaTa YUCTOTA HAa TC3U BOAU I1O
OTHOIICHHE HAa HEOPTaHUYHUTE HOHU Ha a30Ta, CTAOMIIHOCTTa UM BbB BPEMETO U BUCOKUTE UM
nebuTu U TemrepaTypa, KOETO MpaBH BH3MOXKHO LIMPOKOTO MM H3IOJI3BaHE HE CaMmo 3a

OayiHeOJIeUeHHE, HO B TTOTPEOJCHUETO UM U 3a ApyTH obnactu. PesynraTute mokaspar 4e: 1)
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M3MEHEHHMETO Ha TeMIIepaTypara Ipy N30XOpHO 3arpsBaHe M MPH MMOBUIIABAaHE HA HAJISTAHETO
¢ 1 bar e moutu exqHAKBO 3a M3CIeABaHNTE W3BOpH (pasnukara e 10 0,3°C); u 2) cnenupuaHusT
TOIIJTMHEH KalaluTeT Ce 3aBUCH IM0-C1a00 OT ChCTaBa Ha BOJUTE M TSAXHATa MUHEpAIN3ALHUS.
3a nmuamazona 30+60°C e npennoKeHo JIMHEHHO YpaBHEHHE 32 U3YHMCISIBAHE HA CrICIUDUIHUS
TOIJTMHEH KalaluTeT Ha W3CJIeBAaHUTE MUHEPAIHU BOJAU U Ca MPEICTaBEHH CHOTBETHUTE

Koe(uIeHTH.

I'8-10: Excnepumenmaina oyeHKa Ha MONA0U30IAUUOHHU CEOIICINGA HA HEMBKAHU

mexKcmujinu wamepuaiu

N3cnenBaHeTo € HACcOYEHO KbM IIPOBEPKA HA €HA BB3MOXKHOCT 3a NPHIOKECHHUE Ha
TEPMOBHU3MOHHHUS AHAJINW3 3a OLEHKAa Ha TOIUIOM30JAllMOHHUTE CBOMCTBA Ha HETHKAHU
TEKCTUIHU Martepuany. Herbkanute texctminun Matepuanu (HTM) npencrasisiBaT I0OIIHN
TEKCTUJIHU U3JENNs, IOJIy4€HU ITOCPEICTBOM HEKIACUUECKN METO/IM 3a CBbP3BAaHE Ha BIIAKHA
Y HacTWIM (BAaTKHM) OT BJIAaKHA, HUIIKW U JPYI'M TEKCTUJIHU MaTepuanu. ToBa ca TEKCTUIHU
U3JeNHsl, ¢ TEXHUYECKO IpEJHA3HAYECHUE, KOETO BKIIOYBA M INPUWIOKEHHUETO HM KAaTo
TEPMOM30JIallMU B CTPOUTEICTBOTO, MAIMHOCTPOEHETO U KOH(EKIMATA. 3a a ce ONpEeAesT
€KCIIEPMMEHTAIIHO TOILIOW30JIal{MOHHUTE Ka4eCTBAa HA MaTEPUAIIUTE € HAIIPaBEHA MIOCTaHOBKA,
4pe3 KOSTO ce MPEeCMSTa KaK ce MpoMeHs KoeHIMeHTHT Ha Tornonpemunasane U, W/m?’K. B
pe3yaTar Ha U3BbpIICHaTa paboTa M MOIY4YEeHU EKCIIEPUMEHTAIHU Pe3yJITaTH ce M30paHu 1Ba
MaTepHaja MOJy4YeHU OT pereHepHpaHH BJIaKHA 10 METOoAa WrioHaOuBaHe. Te moraT jaa ce
U3I0JI3BaT KaTo N0OBp TOMJIMHEH u3osatop mpu Temmeparypa 40-50 °C. OcHOBHOTO mpu
n300pa Ha HETbKaHMs TEKCTWI € 00OeMHaTa IUTBTHOCT Ha Marepuana. EMHOBpEeMEHHO ¢ TOBa
CTaBa BB3MOXKHO M3IIOJI3BAHE HAa TEKCTWICH OTHAaAbK 3a BBTPEIIHA TEPMOU30JIALAA Ha
*)winma. Tosa moguepraBa NOTEHIMANA HA U3I0JI3BAHETO HA TE3U MPOMUIIUICHHA OTHAJAbLU U

MOXKE Ja OOIIPHUHECE 3a IIO-rojiiMa HKOHOMHUYCCKA YCTOP'I‘IHBOCT IIpU CTPOUTEIICTBOTO.

I'8-11: Hakou ananumuyHu 3a8UCUMOCHU 34 Onpedensine Ha mepmoOUHAMUYHU

ceolicmea Ha 600a

Upe3 perpecuoHeH aHalIM3 ca MOJYYEHH AHAIUTUYHUTE U3pa3u 3a OMNpelesisiHe Ha
crnenuduYHaTa CHTAINMS, MAacOBUS CHENU(PUYCH TOIUIMHEH KamalUTeT MPU TTOCTOSIHHO
HaJsTaHe W IUTBPTHOCTTA Ha BojaTa. Te3n M3pasu ca MpeaHa3HauyeHW 3a TOIUIOTEXHHYECKH
W3YHCIICHUS B HWHXXEHEPHO-TIPUJIOKHATA O00JIacT TpU M3IMOJI3BaHE Ha EJIEKTPOHHO-
M3YHCITUTETHA TEXHMKAa 3a aBTOMAaTH3MpaHEe Ha TpecMmsaTaHuATa. [loaydeHuAT ompocTeH
aHAJMTUYCH amapar 3a MpecMsITaHe Ha U30pOEHUTE MapaMeTpH Ha BoAaTa € B TEMIICpaTypHUS
untepsai 0,01 °C + 350 °C u Hansrane ot 611,66 Pa no 100 MPa. 1o nunusiTa Ha HacuIaHe
€ TpeJICTaBeHa 3aBUCUMOCTTA Ha TeMIlepaTypara Ha HacHINaHe OT HAISITaHeTO, B MHTEpBala
611,66 Pa + 22 MPa. 3a nosyueHnuTe n3pasu € HallpaBeHa OLIEHKA Ha IPEelIKaTa, peCTaBeHa
B TabnuueH u TpaduyeH BUJ, KBICTO JIOTUYHO c€ HAOII0JaBa SBHO 3aBUIIABaHE Ha
OTKJIOHCHHSTA B 00JIaCTUTE HAMHUpAIIH ce B OJM30CT 10 HyJieBaTa TemmepaTypa no Llemsuit u

KpUTHYHATa TOYKAa Ha BoJaTa. 3aBHCHUMOCTHUTE 3a ONpejelisiHe Ha M30pOeHUTe CBOWCTBATa
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Morar aa C¢ HM3IIOJI3BAaT B pa3jIMdHU obnacth Ha HWHXXCHCPHATAa MPAKTHUKa 34 MOCOYCHUTC B

paboTaTa HHTEpPBAIM HA TEeMIIepaTypa H HaJsTaHe.
I'8-12: Tonnogu3zuunu ceoiicmea Ha 6b21epodeH OKCUO RPU HUCKO HAIA2AHE

[IpennoxeH e OMpoOCTEH aHAJWUTHYEH amapar 3a MpecMsTaHe Ha TOIIO(pU3UYHUTE
CBOICTBA Ha BBIVIEPOHUS OKCU, B TemnepaTypuus uarepai 100°C + 1000°C, npu Hansirane
paBHO WM ONM3KO 10 aTMOC(EpHOTO. YpaBHEHHUSATA ca 3a M3YHCIABAHE Ha IUTHTHOCTTA,
CHGLII/I(I)I/I‘IHI/ISI TOINITMHCH KallalluTCT, TOIUIONPOBOAHOCTTA W AWHAMHUYHUA BUCKO3HUTCT. B
pa60Ta ca IMpCeaACTaBCHU CTOMHOCTHUTE HAa KOG(l)I/II_[I/IeHTI/ITC KbM CBOTBCTHUTEC aHAJIUTHUYHU
u3paszu. HanpaBeH e aHanu3 Ha rpemnkara, OT KOMTO MOJIyYeHUTE pe3yJITaTu ca NPeICTABEHH B
TabJIn4yeH BUA. 3aBUCUMOCTHTE 3a OIpeiesiHE Ha CBOICTBaTa Ha BHIJIEPOJEH OKCHUJI MOTaT Jia
C€ U3MOJ3BAT B Pa3IMUYHU 00JIaCTU HA MH)KEHEepHAaTa MPaKTHKa 33 IIOCOYEHUTE TeMIepaTypHU

HWHTCPBAJIN IIPHU HUCKO HaJIsAraHEC.

5. H3caenBaHe HA MOAYJIM 32 eHepromnpeodpasyBaHe Ha CJ/bHYEBA €HEPrusi U HA
(akTopu BAMSeIIN BHPXY NPEICTABHETO UM

B moea nanpasnenue nonadam cieonume nyonuxayuu: 18-16 u I'8-21. Ocnosnume

HAYYHO-NPUIOIAHCHU NPUHOCU ca.’

I'8-16: H3cnedeane na enepeuiinume u aepoOOUHAMUYHU XAPAKMEPUCMUKU HA

31;30ymeu C/ITbHY€6 KOJIEKmop 6 eCmeCmeeHu ycjiioeus

HamnpaBeHo e m3nuTBaHe Ha XUOpPHUAECH CIIBbHYEB BB3AYILIEH KOJEKTOp 3a aBTOHOMHA
BEHTHUJIALMS Ha MOMEILEHUS B KWJINIIHU U MPOU3BOJICTBEHHU crpaau. To Oelie MpoBeaeHo Ha
MOJIUTOHA 32 BH30OHOBSIEMH €HEPrUWHU M3TOYHUIM B TexHuuyecku yHuBepcurer — Codusl.
W3cnenBann ca eHepruiiHUTE M aepOJWHAMHYHHM XAPAKTEPUCTHKH HA BB3IYyIIECH CIbHYCB
kosiektop (BCK), komOuHupan ¢ (OTOBOATaMYEH MaHEN 3a OCUTYpsSBaHE Ha MPUHYIUTETHA
[UPKYJIAUs Ha TPECHHs Bb3AyX IMpe3 KOJIEKTopa KbM noMerieHueTo. OCBeH ye OCUrypsiBa
€HepruiiHa aBTOHOMHOCT, KOMOMHAIMATAa OT JBaTa BHJA KOJEKTOPH BOAU JO CBOEOOpaszeH
aBTOMOJICJIEH PEXMM Ha paboTa Ha CHCTEMara, 3aBHCEL] OCHOBHO OT HMHTEH3HUTETa Ha
CITbHYEBHUSl TOIUIMHEH IIOTOK, MOMaJHal BBPXY JABaTa KoliekTopa. M3cienBanero Oere
NPOBEJCHO B CpelaTa Ha Mecell Mai, B yCIIOBUSITAa HAa CHJIHO NPOMEHJIMBA OOJAYHOCT U
TeMreparypu Ha arMocepHHs BB3AYX Bapupamm B auamnazoHa ot 15°C po 25°C.
[TapameTpuTe Ha KIMMaTa c€ PETUCTPUpPaxa OT METPOJOTHMYHATA CTAHIMA KbM IOJIMIOHA, a
JTAHHWTE OT U3MEPBAHETO HA CBOMCTBATAa HA BB3IYIIHUS OTOK Mpe3 KOJIEKTOpa, MapaMeTpuTe
Ha BEHTHJIATOpa M TeMIieparypaTa Ha abcopbepa ce 3amnucBaxa Ha BCEKH JBE CEKYHIH BBPXY
€JICKTPOHEH HOcHUTeN. PesynTaTute oT ekcriepuMenTa 0sixa oopadborenu u 0606meHu. [lopaan
JUIca Ha JaHHU 3a MOBEJACHUETO Ha MOJOOHU XUOPUIHU CUCTEMH M YCTAaHOBEHH KPUTEPUU U
MOJICJIY 32 OLICHKaTa UM, Oelrie pa3padoTeHa MeToauKa 1 (hopma 3a TIXHOTO MPEACTABSIHE C 11eT
U3IMO0N3BaHe B mpakThkaTa. [lomyuenuTe pe3ynraTH OT efHa cTpaHa Osxa HEJOCTAaThUHU 3a
OKOHYATEJIHA OIICHKAa Ha €HEPTUHHHUTE XapaKTEPUCTHKU Ha KOJIEKTOpa, HO OT Apyra cTpaHa —

A0CTAaTb4YHH, 3a a CC YCTAHOBAT (I)aKTopI/ITe BJIMACIIN CBHUICCTBCHO BBHPXY G(I)CKTI/IBHOCTTa Ha
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BCK, na ce miaHupar IOMBIHUTEIHUTE EKCIIEPUMEHTH, J1a C€ Ch3/]a/Ie METOIMKA 32 OIIEHKA Ha
SHEPTUIHUTE U aePOJUHAMUYHU XapaKTEPUCTUKH Ha KOJIEKTOpa U hopMaTa Ha MPEJCTaBIHETO
UM U Jla C€ HallpaBsAT U3BOAM 32 TAXHOTO MoaoOpsBane. HaTypHUST XxapakTep U yclIOBUATA Ha
NpOBEXJaHEe Ha eKCIIepUMEHTa JaBaT Jo0pa peajHa I[peacTaBa 3a KadecTBaTa U

BB3MOXHOCTHUTC 3a U3IIOJI3BAHC Ha HO,Z[O6HI/I CHUCTCMHU B ITPpaKTUKATA.

I'8-21: Ommnocno 3amwvpcasanemo Ha padomHama NOEHLPXHOCH HA MOOYIU 3d

euepzonpeoépasyeane Ha Cl1bHYeésa enepzus

HanpaBeHn e mperjen Ha OCHOBHHUTE BBIIPOCH, CBBP3aHU CBC 3aMbpPCSBAHETO Ha
paboTHHTE MOBBPXHOCTHU HA CIIbHUEBUTE MOy M. [IpencraBenu ca 0cOOEHOCTHTE, CBEP3aHH C
BIMSHUETO Ha 3aMBPCABAHETO BBPXY INPOU3BOAUTEIHOCTTA HAa CIBHYCBHTE CHUCTEMH,
TeHEpUPAHETO Ha AepO30JIH, IPEHOCHT UM BBB BB3/yXa, NPOLECUTE, MEXaHU3MUTE U CHIIUTE
JeWCTBAIM, NMPU HATPYNBAHETO HAa Mpax M pasin4HUTE (DaKTOpPH, UMAMU €(PEeKT BBPXY
3amMbpcaBaHeTo. [locieHuTe ce OTHACAT O CBOMCTBATa Ha 3aMbPCABAHETO, 3a00MKaJISIIIATa
cpela, MHCTAJAIMOHHUTE M KJIMMAaTHYHUTE YCJIOBUS, XAapaKTEPUCTHKUTE HAa MOAYyJNa HU
ycnoBuATa Ha ekcriozunus. [lyOnukanusara 3ano3HaBa YMUTATEIUTE C HATPYNBAHETO HA Mpax
BBPXY paOOTHHUTE MOBBPXHOCTH M MOJKE J1a UM ITOMOTHE Ja pa3bepar mo-100pe ToBa siBICHHE.
BnusiHreTro Ha 3aMBpCSIBAaHETO BBbPXY PaOOTHUTE MOBBPXHOCTH HA COJIAPHU MOAYJIH MHOTO
4ecTo He Cce OT4YMTa, a NpoOJIeMbT HE € 3a MOJIeHsABaHe. l3cnmenBaHeTo moauepTaBa
3HAYEHHMETO Ha TOBA SIBJIICHHE 32 pabOTOCIOCOOHOCTTA HA coapHUTE Moaysu. HezaBucnumo ot
THUIIa Ha U3MOJI3BaHATa CHCTEMa — CI'bHYEBH TEPMHYHH KOJEKTOPH, (POTOBONTAMYHH MAHEIH
WIT CUCTEMH 32 KOHLICHTPHPAHE Ha CITbHYEBA CHEPTHS — 3aMbPCABAHETO BOAHM JI0 PEAYKINS HA
CJIbHUEBATA paJHalus, JOCTUTrAIla IO eHEPronpeodpazyBalluTe eJIEMEHTH. Y BEIMYaBaHETO Ha
cnenr(rUYHaTa Maca Ha HATPYMaHUsS CIOW BOIM O HaMalsiBaHE HA MPOU3BOJUTEITHOCTTA Ha
MOJYJIUTE, KaTO NMO-MAJIKHTE YaCTULX (OPMHPAT NO-IUIBTEH CIIOW M HaMaJIsiBaT MPOIYCKAHETO
Ha CI'IbHUEBa paguanus. Pa3nmuuHuTe THIIOBE Mpax MMaT Pa3ln4yHO BB3ACHCTBUE, KATO Hal-
roysiMa Jierpajanus ce HaOlioJaBa Ipyu IbPBEHH BBIVIMINA U Menell. 3aMbpPCIBAHETO BIIUSIC HE

caMo 4pe3 3aCeHYBaHe, HO U Upe3 KOPO3Hsl, HaJJpackBaHe U TeMIEpaTypHU eeKTH.
6. M3nurBaHe HA BEHTHJIATOPH C MAJIKa MOIIHOCT
B mosa nanpaenenue nonada eourncmeeno nyoruxayusma I'8-13.
I'8-13: Jlabopamopno u3znumeane Ha 0CO8U GEHMUIAMOPU C MATIKA MOUIHOCH

W3BBpIICHO € N3NUTBAaHE Ha OCEBH BEHTUJIATOPU C MaJIKa MOIIHOCT, Ype3 CHEMaHe Ha
neOuTHO-HamopHaTa xapakrepuctuka Ps = f(Q). Pa3paboten e mabopaTtopeH cCTeHH 3a
U3MEepBaHE Ha: CTATHYHOTO HAJSraHe Ha BEHTWIATOpA; OOEMHHUS JeOMT Ha BB3IyXa
IpEeMHHABAI Tpe3 HEro M 000poTHTE Ha PabOTHOTO KOJeIo Ha BeHTHiIaropa. CTEHIBT €
MOAXOMAII 3a M3MUTBaHEe Ha OWTOBM BEHTWIATOpPH, ChriaacHo craHmapra AMCA 210.
N3non3BaneTo Ha ypeny 3a W3MEpBaHE HAa HAIATAHETO M Ha JeOWTa Ha BB3AYLIHUS MOTOK,
pa3iMyHU OT TOCOYEHUTE B CTAHIAPTA, BOAM 10 MOIUGUIMPAHM CXeMa Ha CTeHAa |

MaTeMaTHueH Mojen 3a o0paboTka Ha pesydratute. IlomyueHn ca neOUTHO-HANOPHU
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XapaKTepUCTUKU HA CEpUsl OT BEHTUJIATOPHM YCTPOMCTBA, KAaTO CPEJICTBO 3a OLEHKA Ha
BJIIMSIHUETO Ha pa3nyHu (pakTopu BHpXy paborara Ha ycTpoiictBata. [lomyuenure pesynraru
NpEeCTaBIsIBAaT UHTEPEC KAKTO 33 IPOU3BOIUTENS, TaKa U 3@ TOTPEOUTENINTE HA yCTPONUCTBATA.

ITo moka3zaren I'9

[IpencraBenuTe pa3pabOTKHM 1O TO3M TIIOKa3aTell ca TIJaBH OT KOJECKTHBEH
MoHorpaduyeH TPy ,,Enepeutina echexkmuenocm na cepaou : monoepaghus. Tom 1° ISBN: 978-
619-167-515-9 (mexa xopwuma), ISBN 978-619-167-516-6 (e-book pdf) u ,,Enepeuiina
epexmuenocm Ha cepaou : monoepagus. Tom 3 ISBN: 978-619-167-519-7 (meka kopwuia),
ISBN 978- 619-167-520-3 (e-book pdf), u monanat B 0600mmeHnoTo HanpasieHne Enepruiina
eeKTUBHOCT HA crpaau

Te ca cvomeemno: 1'9-1, ['9-2 u I'9-3. Ocnoénume HayUHO-NPUTOHCHU NPUHOCU CA:

I'9-1: I'naBata OoT KOJIEKTUBEH MOHOTpadUUICH TPy € Che 3ariaBue ,,1.4. Ilpunyunu na
npenoca na monauna. Tonnonpemunasane npes cmpoumennu eaemenmu. Ocodvenocmu na
Kkoeuyuenma na monnonpemunasane (U-cmoinocm, W/m’K) npu paznuunu
KOHCMpPYKmMUGHU eiemenmu Ha cepadama. Peghepenmuu uzmounuuyu 3a uszuucnagaue
u/unu omyumane na U-cmoitnocmu®. HanpaBeH € mperyie[; Ha HaAUYMHUTE 3a MPEHOC Ha
TOTUIMHA W Ca TPEICTaBEHU CHOTBETHUTE AHAIMTUYHH 3aBUCUMOCTH 3a HM3YHCIISIBaHE Ha
TOTUIMHHUSL TOTOK. M3umcnsBaHeTo Ha KoepUIMEHTa Ha TOIUIONPEMHHABAHE IIpe3
OrpaKJallUTe €JIEMEHTH Ha CTpaau MMa CBOUTE CHelu(UKH, 0COOEHO KOraTo ce Kacae 3a
TOIIONPEMUHABAaHE OT OTOIUIsIEMHsI 00eM JI0 BHHIIECH Bb3AYX, IPU KOETO TOITUHHUSAT MOTOK
IpeMHHaBa 1O WbBTS CH TMpe3 HEOoTOoIIsieMu MpocTpaHcTBa. [Ipumepum 3a ToBa ca
TOIUIONPEMUHABAHETO MPe3 MOKPUBH C HEOTOIUISIEMO BB3YIIHO IPOCTPAHCTBO; MIPe3 MOJA0BU

KOHCTPYKIHWU KOHTAKTYyBallll C HCOTOIIACMH CTAKU H/WIIH ChC 3E€MSI.

MetoasT 3a ompenensHe Ha KOepHUIIMEHTa Ha TOIUIONpPEMUHAaBaHE INpe3 MOKPUBHU
KOHCTPYKLIMM Ha CTpajy 3ajerHajl B HopMmaTuBHaTa ypenba Ha bwarapus ot 2009 r. mo
HACTOSIIMS MOMEHT € pa3paboTka Ha Momumi BacuieB (Bb3 OCHOBa Ha TOIUTMHHUS OallaHC U
Ha TeopusTa 3a CBOOOHA KOHBEKIIMSI B 3aTBOPEH ra3oB ciioi). B rmaBara ot MoHorpadusiTa e
npeJcTaBeHa noApoOHa METOJ0JIOTHS 32 U3YUCIIEHUE Ha CTOMHOCTTa Ha U 10 BBHIIIEH BB3yX,
IIPU CHIIECTBYBAILIO ChCTOSHUE HA CrpajiaTa U IpH U3I0JI3BaHe Ha peepeHTHU CTOMHOCTH KbM

KOHKPCTHA roanHa OT CbOTBCTHUTC Z[GflCTBElH.[PI HOPMHU.

3a MOMOBUTE KOHCTPYKIMH B HOpPMATHBHATa ypenda MPEACTaBCHUSAT aHATUTHYCH
amapar € OTHECEH KbM OOIIus cilydail, MpU KOWTO MPOCKIMSITa Ha IOJ0BaTa IJioYa HaJ
HEOTOIUISIEM MOA3EMEH €TaXK ChBMaJa ¢ MOJ0BaTa IUIOYa HA MOA3EMHU €TaX, KOHTAKTyBalla
ChC 3€MHaTa OCHOBA. J[ON'BJIHUTEIHO BB3HMKBAT MHOIO HESICHOTH MpPH HEOOXOJUMOCT OT
pelIaBaHe Ha peJulla YacTHU ciayyail. B rimaBara oT MoHOrpadusaTa ca npeioxkeHn ypaBHeHHUS,
KOUTO J1aBaT pellleHue Ha YaCTHUTE CITydau U 00XBalllaT BAPHAHTUTE C Pa3IMYHU ITOJ0BHU IJI0OYU

Ha 1 HaJ HEOTOIUIAEM ITOJA3€MCH €TaXK.
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W3Benenu u mpenctaBeHu ca (GOpMyiH, MO KOUTO Ce MPEcMTaT KOSPHUIMEHTUTE Ha
TOIIONPEMUHABAHE HAa CTEHU U XOPU30HTAJIHU €JIEMEHTH, IPU EAHOBPEMEHHOTO UM Y4YacTHE B
TOIUIONPEMHUHABAHETO MPe3 HEOTOIUISIEMH IMPOCTPAaHCTBA, KOWTO MoOraTt Ja ObAaT MOKPUBHU

HJIK IMTOJOBH KOHCTPYKIHH.

WN3uncnsaBaneTo Ha HOpMaTuBHM W pedepeHTHn U-—CTOWHOCTH, HE € OINHUCAHO B
HOpPMaTHBHATa ypen0a v MpeACTaBIIsAiBa MPEIU3BUKATEICTBO KAKTO 32 HAUMHACIIUTE, Taka 1 32
HSKOM OT T€3H, KOUTO pabOTAT B cpepaTa Ha eHepruiiHaTa e(peKTUBHOCT. B Ta3u Bpb3Ka B Kpast
Ha IJ1aBaTa ca ONMCAHU BCUYKH BB3MOXKHHU CIy4ad, IPU KOUTO € HEOOXOUMO /1a C€ U3UUCIIST
te3u U—CTOHHOCTH, AaJeHa € MOCIeI0BAaTeIHOCTTA 32 JIOCTUTaHe 10 KpailHUs pe3yniraT U ca

MOSICHEHU ONpEJIeNIeH! CIeU(PUKU 32 KOHKPETHH CIy4aH.

I'9-2: Bropara 1y1aBa U3M0J3BaHa OT KOJEKTUBHUS MOHOTpaduueH Tpy, MocoUYeHa B
cnucbka kpM ['9, e B chaBTOpCTBO. IIpUHOCHT HA KaHAMATa KbM Hesl € BKJIIOYEH B IMbpBaTa
4acT Ha 3arjiaBUETO, @ UMEHHO ,,1.7. Emanu, cbovpicanue u ocodoenocmu Ha 00cied8anemo
3a eHepeuiina egexkmuenocm Ha czpaou. Pegepenmnu uzmounuyu Ha OanHu,
cucmemamusupane u OOKyMeHmupane Ha u3XoOHume OanHHu u pezyamamume. AHanu3 Ha
yyecmeumennocmma Ha peyamamume.” B Ta3y riaBa € NpenagcH HaTpPyNaHUS OMUT OT
aBTOpa, MPH YY4aCTHETO MYy B €KHMIIHO OOcCie[BaHe 3a €HepruiiHa epekTHBHOCT Ha Haja 100
crpamu B bearapus, ¢ Hagasio 2001 r. CuctemaTu3upaHu ca 3aJadyuTe HEOOXOJMMH 3a
pelIaBaHe Ipy MOCTUTaHE Ha IIeNTa Ha JajeHo oOcienBane. M30poeHu ca OCHOBHMUTE €TarlH,
KOUTO BKJIIOUBA €/IHO 00CIIe/IBaHE U Ca MOAYEPTAHU CHOTBETHUTE IEHHOCTH KbM BCEKH OT TSIX.
Omnucany ca JETaMIHO 0COOEHOCTHTE, U TOIMBJIHUTEIHUTE NEHHOCTH, KOUTO € HEOOXO0AUMO Ia
ce B3eMar MpeABHJ MPU H3BBPIIBAHE Ha oOcCienBaHe 3a eHepruitHa edextuBHOCT. [Ipu
U3BBPIIBAHE HA JIEHHOCTUTE MO OOCIIEIBAHETO CE MOCTUTA ONTHMH3AIMS Upe3 MOAXOASIIOTO
rpynupane Ha pedepeHTHUTE M3TOYHWIM Ha JNaHHU. [IpeaniokeHu ca CIeIHUTE TPYIu:
CBHINECTBYBAIlla JOKYMEHTAIlMs; OrJied Ha OOEKTa; MHTEPBIOTA HAa OTTOBOPHHUTE JIHIA 3a
crpajata W mepcoHana; U u3MepBaHud. [losicHsBa ce 3HAYMMOCTTAa OT MPHUBEXKIAHETO B
CTPYKTypUpaH M CHCTeMaTu3upaH BUJ (MOAXOASII 3a MOCJIENBAIOTO H3YUCICHHE Ha
EHEpruiiHUTEe XapaKTepUCTHUKU Ha crpajaTta), Ha JaHHUTE MOJIY4YEHH OT JOKyMEHTalus,
U3MEpBaHUs U oriieqa Ha obekta. [IpemiokeHa e KOHKpeTHa TaOiuIA 3a M3MOJ3BaHE, KaTo
yno0Ha (opma 3a moayyaBaHe Ha MHGOpPMAIUs U CUCTEMATH3UPAHE HA M3XOJHUTE JaHHU 32

€HEPrOHOCUTEIIHTE.

AHamu3bpT Ha YYBCTBUTCIIHOCTTA € TIIO3HATA TCXHHKAa Ha HWKOHOMHCTHUTC, HO
HaOJII0/IeHUsTa ca, 4e He ce IMpuiiara B MpakTUKaTa Mmpu oOcielBaHe Ha crpaau. Bonpeku, ue
MIPH U3I0JI3BaHe Ha HAIOXKWIHS ce codryep ,,OuHancou uzuucienus Ha EHCHU (,,Economy
software* ENSI) anHamu3bT € TpyaoemMbK, B pa3paboTKaTa ce€ IOCOYBa BaXKHOCTTA Ha
U3BBPIIBAHETO HAa TaKbB BHUJ OIIEHKAa, B CIy4yauTe NpPHU KOUTO PE3YJITAaTUTE 3aBUCAT OT
AOMMYCKaHUs 3a KJIOYOBU MapaMETpu, YUCTO 6’5,[[6].]_[0 U3MCHCHHUC MOXKEC Ja UMa 3HAYUTCIIHO
BIIMSIHUE BbPXY KpailHUA pe3ynraT. AjanTtanusara Ha mapameTpy, HeoOX0IUMH IIPU aHaJIu3a 3a

eHepruiiHa e()eKTUBHOCT Ha CTrpajiu, 000011aBa ABeTe TPYIH HapaMeTpH: 1) HeTHaTa ceramnrHa
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croitHocT (NPV), xaTo KpuTepuil mokasBail peHTaOUIHOCTTA Ha JaJIeHO MPEATIOKEeHUE; U 2)
KJIIOYOBH MapaMeTpH, U3MEHSIIN Ce B AaJIeH UHTEPBAJ — MHBECTULIMOHHU Pa3X0H, MOTpeOHA
€Heprus 3a TEpPMONOMIIATa, IEHM Ha EHEPrOHOCUTENM, peaJleH JIMXBEH IPOLEHT H

HNKOHOMMHNYECCKH KXKUBOT.

I'9-3: B rnara ,,1.16. Enepzuiino nacuenu czpaou u czpaou ¢ pazxo0 Ha eHepus
onuzko 00 uynama. Qo06éwvp3anocmu u paziuuus Ha Konuyenyuume. Hawuonanno
3aKOH00amencmeo, epOonelicKu Cmanoapmu u Hopmu‘‘ € HarpaBeH aHaJu3 Ha CTaHJApTUTE
U Pa3BUTHUETO Ha BBIPOCUTE CBHP3aHU C MACUBHUTE CIPaJU 32 ChCTOSIHUETO ChOTBETCTBAILO
kbM 2022 1. Ctangapture ,,Passivhaus® (Ha HEMCKH, UABAIIO OT HETOBUsI OcHOBaren Bosdranr
daiicT) HE ca 3aaBDKATETHU 3a bearapus. Te Morar jga ce mpuiaratr KakTo 3a HOBU CTpajiy,
Taka W Mpy OOHOBSIBAHE Ha CHIIIECTBYBAIIM CIPajn. 32 HOBH CIpajyl ChOTBETHUAT CTAHAAPT €
»Passive House®, a 3a cpimecTByBamu npeauMHo € ,,EnerPHit“. Mma u antepHaTuBeH cranmapt
Hapeues ,,PHI Low Energy Building®, ko#iTo ce mpuiara koraTo 3a fajieHa crpajia He ca u31s10
U3ITBTHCHU KPUTEPUUTE HA TIPETHUTE CTAaHAAPTH IO OTHOIIIEHUE HA eHepruiiHaTa e()eKTUBHOCT
u komdopra. OCBEH HETANITHO TpPEICTaBSIHE Ha CTaHJAPTUTE, B TJlaBaTa ca OIMUCAHU

IpearMCTBaTa U Ceun(UKUTE Ha IPUHIMIIATE HAa KOHLIENHATa ,,[lacuBHa crpama“.

[Tpu oOGcnenBaneTo 3a eHepruitHa eeKTUBHOCT Ha CHIECTBYBAILU CTPAJIH, C BIU3AHETO
npe3 2022 1. B ciiia Ha HOBaTa HOPMATHBHA ypenda, CTaHa 3abJDKUTEITHO JIa C€ TPEIIOXKH
MakeT OT MEPKH, BOJEII JI0 ChCTOSIHME Ha CrpajaTa ChOTBETCTBAIO0 HAa OINpPENEICHHETO 3a
,Crpaza c 6im3ko 1o vynara norpednenne Ha eneprus (CBHIIE). M3pbpiieno e 3aap10604eHo
npoyuBaHe Ha AupektuBuTre Ha EBpomelickus mapnameHT U Ha ChBeTa, Ha yKa3aHHUsS KbM
Henerupan pernmament (EC), Ha 3akoHuTe W Hapeabute mmamu otHomenue kbM CBHIIE.
W3sicHeH € BBIOPOCHT 3a ONTHMAIHUTE TIO0 OTHOIICHHE Ha pPa3XxoIUTe CHEePrHiHU
XapaKTepUCTHKH, W3YMCICHM 1O MeToJauKaTa 3a riobamHure paszxoau (global costs). B
pa3zpaboTkara ca HallpaBEHH MOSCHEHUE KbM pPEAHIla TEPMHUHU W3IMOJ3BAHU B HOPMATHBHATA
ypenba. 3a mo-rojsiMa sICHOTa U MO-JIECHO Bh3NIPHEMaHe, € HalpaBeHo rpaduyHO MmpeicTaBsHe
Ha HAIIMOHAJIHOTO OTpeJeNieHue 3a crpajaa ¢ OJIM3KOo A0 HyJiaTa MOTpeblieHne Ha eHeprus.
N30poenu ca Hal-uecTO MpUIaraHuTe CUCTEMH 3a €HEprusi OT BH30OHOBIEMHU HM3TOYHHIIM B
obnacrra Ha CBHIIE.

16



SUMMARY OF SCIENTIFIC WORKS
of
Chief Assistant Prof. Eng. Momchil Petrov Vassilev, PhD

For participation in a competition for the academic position of "Associate Professor",
in the field of higher education: 5. Technical Sciences, professional direction:
5.4. Energy, scientific specialty: "Industrial Heat Engineering",
announced in the State Gazette issue 103/06-12-2024

The materials presented for the competition include: 1 monographic (habilitation) work; 24
scientific publications, two of which are in journals referenced and indexed in world-renowned
scientific information databases; and 3 published chapters from a collective monograph, one of
which is co-authored.

Summary of the monographic work

For the current competition, the candidate participates with:

» A monographic work titled "Energy Efficiency of Industrial Systems" in two volumes.
The monographic work is collective, therefore the candidate presents a separation
protocol for his contribution - from page 19 to page 64 and from page 342 to page 402
of volume 1 with ISBN 978-619-167-541-8 (soft cover) and 978-619-167-543-2 (e-
book).

I. Monographic work

Energy Efficiency of Industrial Systems: monograph, published by the Technical University of
Sofia, ISBN 978-619-167-541-8 (soft cover) and 978-619-167-543-2 (e-book).

Summary: According to Eurostat data, Bulgaria ranks among the last in the European Union in
terms of energy intensity of production. This is due, on the one hand, to the morally outdated
and energy-intensive production equipment in industrial systems, and on the other hand, to the
insufficiently good management of processes related to production, supply, distribution, and
energy conversion. Increasing energy efficiency in industrial facilities not only reduces the cost
of produced goods but also has a corresponding positive environmental effect. The main goal
of the collective monographic work is to present an innovative approach to the analysis of
technological processes related to the transfer, conversion, and distribution of energy,
highlighting the peculiarities and specifics of examining different categories of industrial
facilities and systems. To this end, tasks are solved related to gathering primary information for
assessing the existing state of energy consumption, comparing it with good European practices
for similar types of production processes, and proposing energy-saving measures with a focus
on reducing the harmful impact on the environment. The approach used is in accordance with
current norms and standards and can be successfully used by both researchers in the field and
be of benefit to engineering practice.

In Chapter 2, an analysis of the basic principles of heat transfer is made. The main
dependencies of different types of heat transfer through and between different bodies are briefly
presented, with the aim of using them in the analysis of various heat engineering processes in
industrial systems and facilities. The adopted approach for analyzing processes in both
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stationary and non-stationary forms shows that it is key in choosing a particular energy-saving
measure. The presented mathematical apparatus allows for both a "quick" analysis of a number
of heat engineering processes using analytical dependencies and in-depth analyses based on
criterion dependencies. Specifics are also hinted at when using coefficients closely related to
modeling heat transfer processes in computational and applied fluid mechanics.
Recommendations are made regarding the closure of systems of equations when solving various
engineering tasks.

In Chapter 7, section 7.6, an analysis of modern means of heat and mass transfer
between two media is made. Heat exchangers (section 7.6.1) are among the most widely used
devices for energy transfer in industrial facilities. This chapter provides a brief analysis of the
features of modern heat exchangers in terms of geometric specifics and the type of heat carriers
used. The critical analysis focuses not only on the efficiency of the mentioned type of devices
but also on their impact on the environment. The main issue is the choice of heat exchanger,
which is why the author visually presents the design and verification tasks, with the choice
depending on the method and specifics of the task. The choice of heat exchanger depends on a
number of factors, the significance of each of which depends on the specific application
features. To this end, a module has been developed for an existing software package to facilitate
the user in choosing a heat exchanger while observing its functional purpose.

Contributions of the monographic work

Scientific and applied contributions:

- Analytical and criterion dependencies for evaluating heat transfer in various heat
engineering processes in industrial facilities and systems have been summarized.

- A simplified methodology for evaluating the efficiency of heat exchangers has been
presented.

- A methodology for rapid analysis of the efficiency of specific heat engineering
processes in the industry has been presented.

- A mechanism for calculating the pressure drop in heat exchangers during the flow
of single-phase and two-phase streams is shown.

Engineering and applied contributions:

- A module has been created for an existing software product to facilitate the user in
choosing heat exchangers.
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Summary of the scientific and applied contributions of the
presented scientific publications and chapters from collective
monographs

For indicator G7

The presented publications under this indicator fall into the generalized direction of
Heat Transfer and Heat Exchangers

The publications are respectively: G7-1 and G7-2. The main scientific and applied

contributions are:

G7-1: Heat transfer performance of RI1234yf for convective boiling in horizontal
micro-fin and smooth tubes

The efficiency of heat transfer in horizontal tubes during convective boiling of the
refrigerant hydrofluoroolefin (HFO) R1234yf has been analyzed. A computational method
combined with Matlab was used to create flow regime maps. Heat transfer and pressure drop
for R1234yf were analyzed and calculated under the same operating conditions, with the same
outer tube diameter do = 9.52 mm, but with different inner surfaces, one smooth and the other
micro-finned. Flow regime maps were created at a saturation temperature of 5°C, with a heat
flux of 8.62 kW/m?. The spiral flow regime appears at very low mass flux density and low vapor
quality, while in the smooth tube under these conditions, the flow is still stratified wavy. The
comparison of heat transfer efficiency between the micro-finned and smooth tubes is evaluated
through the intensification coefficient E, the loss coefficient P, and the efficiency index 1. At a
mass flux density of 111 to 333 kg/m?s for a boiling temperature of 5°C, the results show that
the average values are respectively: E=2.18; P =1.45 and [ = 1.54. Based on the average value
of the efficiency index for the entire boiling range in this article (I = 1.54), it can be concluded
that micro-finned tubes and smooth tubes with the environmentally friendly refrigerant
R1234yf are a valuable replacement for evaporators in heat exchangers. It was found that at a
vapor quality "x" greater than 80%, the phenomenon of drying occurs in smooth tubes, while
in micro-finned tubes this phenomenon is not observed.

G'7-2: Verification and validation of a CFD model of a fixed regenerator for heat

recovery from air

Verification and validation of a digital model of the associated processes of heat and
mass transfer and aerodynamics in a fixed honeycomb regenerator with square channels for
heat recovery from the exhaust air of a local ventilation system have been carried out. The
processes in the regenerator were simulated using the CFD method. The CFD model of a
regenerative heat exchanger with a fixed matrix for decentralized ventilation of humid air is
with and without condensation of water vapor on the channel walls. Simulations were
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conducted to investigate how the efficiency of the regenerator is affected by condensation and
evaporation in the air. Calculations of the thermal efficiency and pressure losses of the fixed
regenerator were made using known analytical models, and the results were compared with
those of the numerical model. The simulation results of the model were compared with
experimental data and data from reference sources. It was found that the CFD model of the
processes in the regenerator significantly outperforms analytical models not only in terms of
the range of boundary conditions but also in terms of accuracy. The computational model was
tested with analytical solutions and confirmed with experimental data, showing that the
simulation results for humid air without condensation and evaporation are quite accurate and
reliable. The simulation results with phase transition in the channels were not confirmed, but
the model was verified with similar solutions. They are indicative and show that the reduction
in thermal efficiency under the used boundary conditions is about 10% and depends on the
thermal properties of the regenerator material.

For indicator G8

The presented publications can be divided into the following generalized directions:
1. Heat Transfer and Heat Exchangers

In this direction, the following publications fall: G8-1, G8-3, G8-15, G8-17, G8-18, and

G8-19. The main scientific and applied contributions are:

G8-1: On the issue of intensification of processes in heat exchangers operating under
regime methods

The results of regime (active) methods of operation of heat exchange systems are
analyzed. To refine the ongoing heat exchange, the exergy efficiency is introduced, which is
lower than the thermal efficiency due to the consideration of the thermodynamic losses of the
system.

G8-3: An approach for determining the final temperatures of the streams in heat
exchanger systems

An experimental study was conducted to obtain direct dependencies for determining the
final temperatures of the hot and cold streams in recuperative heat exchangers without phase
transition of the working media. The obtained mathematical models approximate the
experimental data with high accuracy. They allow for the direct solution of the verification task
without knowing the value of the heat transfer coefficient, as proposed in classical algorithms.
They are also key to solving the verification task for heat exchanger systems.

G8-15: Matrix method for analyzing systems of heat exchangers

A matrix method has been adapted for analyzing (calculating the static balance) systems
of heat exchangers. The method has been implemented as user software in the MATLAB
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programming environment, applying graph theory in the software implementation. The method
of heat transfer units (¢e-NTU) was used to calculate the heat balance. The software allows for
quick modeling and simulation of systems of heat exchangers, where the specific heat capacities
of the streams can be assumed to be constant.

G8-17: Study about the Flow pattern map for convective boiling in smooth tube of
refrigerant HFO R1234yf

The flow pattern for the new refrigerant HFO R1234yf has been predicted based on the
general flow pattern map for convective boiling with mass flux density G [kg/m?s] depending
on vapor quality x [-], during the phase transition of the saturated refrigerant. By applying the
Wojtan et al. 2005 and Zhuang et al. 2016 models for boiling, the flow pattern map for R1234yf
was constructed, classifying the flow pattern regimes and the transition line between them. The
fully stratified flow regime is in the mass flux range below 30 kg/m?s for the entire vapor quality
range. The stratified wavy flow regime falls in the mass flux range from 30 to 120 kg/m?s, at
vapor quality greater than 0.34. At higher mass flux G > 120 kg/m?s, in the vapor quality range
x > 0.34, an almost annular flow occurs. The phenomenon of drying appears when the vapor
quality is around 0.8 to 0.9. Finally, the flow pattern map of two different refrigerants R134A
and R1234yf will be compared.

G8-18: Prediction the heat transfer coefficient for convective boiling of refrigerant
HFO RI1234yf'in horizontal tube

The heat transfer coefficient during the phase transition in convective boiling in a
horizontal smooth tube for the replacement refrigerant HFO R1234yf has been evaluated using
averaged data from some available correlations. The predicted operating range of convective
boiling for R1234yf at 5°C with a change in vapor quality x = [0.05-0.95], heat flux q = 8.62
kW/m? and 17.2 kW/m?, mass flux G = [111-333] kg/m?s. Determining the best correlation for
predicting the heat transfer coefficient for R1234yf by analyzing the error ¢% between the
correlation result and the average result from the data. Finally, the average predicted data for
R1234yf and R134a are compared.

G8-19: Prediction the pressure drop for convective boiling of refrigerant HFO
R1234yfin horizontal tube

For convective boiling in a horizontal smooth tube for the new refrigerant HFO
R1234yf, the pressure drop of the two-phase flow has been averaged using a prediction method.
Seven correlations were reviewed and applied to evaluate the average pressure drop in the
operating range of R1234yf, 5°C, with a change in vapor quality x = [0.05-0.95], heat flux q =
8.62 kW/m? and 17.2 kW/m?, mass flux G = [111-333] kg/m?s. The error analysis between the
correlation data results and the average data shows that the correlations of Muller Steinhagen
and Heck 1986 and Quiben and Thome 2007 are the best to use with an average percentage
error of 7% and 19% and a standard deviation of 19% and 7% respectively. Compared to R134a,
the pressure drop of R1234yf is lower by about 18%.
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2. Energy efficiency of buildings
In this direction, the following publications fall: G8-2, G8-14, G8-20, and G8-22. The

main scientific and applied contributions are:

G8-2: Utilization of geothermal water for heating administrative buildings in
Kyustendil

The work presents results for one of the buildings (Hygia) participating in a project
Ecolinks "Reducing greenhouse gases through the use of renewable energy resources". The
main goal of the project is to develop an energy and business plan for the reconstruction of
existing heating installations in two municipal buildings in Kyustendil, to replace the energy
source - liquid fuel with geothermal water. After a detailed energy audit, modeling, and
simulation of energy consumption, energy-saving measures were revealed and analyzed to
reduce the heat consumption for heating the building. Through them, it became possible to
reduce the heating load, which directly affected the investments for the geothermal water
substation, as well as the storage of heat reserves with geothermal water (to provide for other
users). After evaluating the parameters of the available geothermal water, a conceptual project
was developed for the necessary reconstruction of the heating installation, a suitable scheme
and sizing of an indirect substation, the pipeline network for heating the building with
geothermal water was sized, and a business plan for the practical implementation of the
reconstruction was proposed.

G8-14: Analysis of the possibility of cold accumulation in air conditioning of

buildings in shopping centers in southern Vietnam

The geographical location of Vietnam forms a warm and humid climate, resulting in a
large part of energy consumption in buildings being for cooling. One of the possible measures
to save energy costs in buildings is the accumulation of cold used in air conditioning systems.
The accumulated cold is produced during the period of the day when the electricity price is
lowest and consumed during peak hours of the day when the electricity price is high and the
chillers are turned off. The work analyzes the accumulation of cold as a measure to save energy
costs in a shopping center located in Ho Chi Minh City - southern Vietnam.

G8-20: Resultant amount of saved carbon dioxide emissions during the renovation of
a residential building in winter mode

A study was conducted to determine the saved harmful emissions when implementing
energy efficiency measures to reduce energy consumption in a residential building and the
emitted carbon dioxide emissions for the production of thermal insulation and windows.
Despite the limited experiment, the results show the influence of the thickness of the thermal
insulation on the saved and invested (emitted into the atmosphere) CO: emissions. Under the
existing regulatory requirements for residential buildings, the emitted carbon dioxide emissions
for the production of thermal insulation and new windows are about 95 t, and the saved
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emissions for heating the considered building are 45 t per year. These results show that after
the second year, there will be real savings in CO: emissions. If the emissions emitted for
transport and other accompanying costs in production (lighting, heating, and cooling in
production premises) are included, the resultant savings would start after the fourth or fifth year.
From the above, it is clear that it is rational to undertake energy efficiency measures to reduce
heating energy (and carbon emissions) in old buildings.

G8-22: Some aspects of determining greenhouse gas emissions from building
installations using fuel

The model presented in the Bulgarian regulatory framework for determining CO:
emissions from building installations using fuel as an energy carrier has been analyzed.
Deficiencies have been identified that lead to significant errors in the results for some of the
fuels used. One of the factors used to calculate the emitted amounts of carbon dioxide when
burning different resources is the ecological equivalent coefficient, and the deficiencies are
mainly related to it. To eliminate the shortcomings, it is proposed that the ecological equivalent
coefficient Kco.c (g CO2/kWh) be replaced in the model with the specific ecological equivalent
Kgoze (kgCO2/kgsuel). A table with the corresponding values of the proposed parameter is

presented.

3. Research on heat transfer, mass transfer, and energy characteristics of a
laboratory reactor

In this direction, the following publications fall: G8-4, G8-7, and G8-8. The main

scientific and applied contributions are:

G8-4: Heat transfer during stirring in a laboratory reactor with a new type of stirring
device and horizontally wound coil

A laboratory study of heat transfer in a reactor with a volume of 4 dm?, in which a new
type of stirring and aerating device is installed, and has a horizontally wound coil. The heat
transfer from the stirring side a2 = f(Nuz) is measured. The experiments were conducted at
different rotation speeds, from n = 100 to n = 1,200 min™'. For the corresponding average
temperatures, the Prandtl number (Pr) and the viscosity of the water p and ps were recorded.

A criterion equation of the form:
N, = 0,165ReS Pro33 (uﬁ)
S

_ NuZDcoil

a, = T W /m?K

A comparison was made with the Rushton turbine for a horizontally wound coil. The
result with the Rushton turbine is approximately 21% better than the one obtained in the study,
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but with 2.5 times higher "net" stirring cost, as seen from the energy characteristics of the two
stirrers Ky = Eu = f(Rey).

G8-7: Volumetric mass transfer coefficient Kpa in a laboratory reactor with a new

type of stirring and aerating device

The mass transfer (volumetric mass transfer coefficient Kia) created by the new type of
stirring device and the necessary power for stirring were investigated. The study was conducted
in a laboratory reactor with a volume of 6 dm?®, with an integrated copper coil and baffles, in a

water medium.

The experiments were conducted at different rotation speeds, in the range of 800 to
1,400 min!.

The volumetric mass transfer coefficient is determined by the dependency:

Koa= Jh1t
L@ AT

where:

C* — achieved maximum content of dissolved gas, %;
Co — initial (minimum) content of dissolved gas, %;
At — time for saturation of the working medium (liquid), h™.

The measurement results are presented in tabular and graphical form. The investigated
stirring device, applied in a model reactor, achieves a volumetric mass transfer coefficient
K, a = 229 h™1, at a peripheral speed of 4.8 m/s. According to literature data, the standard six-
blade Rushton turbine achieves a maximum mass transfer coefficient K;a = 160 h™1, at the
same peripheral speed and specific power P/V = 3.5 W/dm?. The obtained results provide
grounds to conclude that the investigated stirring device meets the conditions for operability
and energy saving and can be used in biotechnological production.

G8-8: Influence of the number and size of baffles on the power for stirring in a

laboratory reactor

A laboratory study was conducted to investigate the influence of the number and size of
baffles on the power for stirring in a laboratory reactor. Simple equations suitable for
engineering practice were derived. Stirring is a process widely used in the chemical and
biotechnological industries. In this process, an important characteristic for energy consumption
is the power required for stirring. It is a function of many parameters: configuration and
dimensions of the reactor, type and dimensions of the stirring device, properties of the stirred
medium, etc. The study investigated the influence of the number (N) and size (Z) of baftles on
the required power for stirring in a water medium. The dependency of the power coefficient on
the Reynolds number Ky = f(Re) was obtained, as well as the generalized dependencies Ky =
f(N,Re) and Ky = f(Z, Re). The approximation equations were derived in the form Ky =
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ANBRe® and Ky = A ZBRe®. The experiment was conducted in the Reynolds number range

above 15,000, with plans to continue the research in the low turbulence and laminar regions.
4. Research on thermophysical and thermodynamic properties of substances

In this direction, the following publications fall: G8-5, G8-6, G8-9, G8-10, G8-11, and
G8-12. The main scientific and applied contributions are:

G8-5: Specific heat capacity of metals

An analysis of the problem of determining the specific heat capacity of metals was
made. General empirical dependencies for determining it at temperatures above 0°C were
proposed, with the corresponding constants presented for some metals. The obtained expression
for determining the isobaric specific heat capacity as a function of atomic mass can be used as

a source of preliminary information in the development of new materials and alloys.

G8-6: Application of artificial neural networks in determining some thermodynamic

properties of ozone-safe refrigerants

A refrigerant from the Isceon series by DuPont™ was analyzed, with MO29 (R422D)
chosen as the representative of the series. To compare the accuracy of modeling with artificial
neural networks (ANN), an approximation of the saturation pressure data along the liquid line
p' was made using a traditional equation of the form:

o'

DPc

In—= T?C(nlﬁa + n,9° + n39¢ + ny99).

Using ANN, the saturation pressure and density along the left and right boundary curves
for the refrigerant MO29 (R422D) were approximated. For this purpose, an ANN with
backpropagation of error was constructed, consisting of four layers, two of which are hidden.
During the training of the ANN, the data were randomized, which accelerated the training and
achieved a smaller error. The training of the ANN was performed on a subset of the input data.
After the training, calculations were made over the entire range, and the obtained results were
compared with the output data. A comparison of the relative error obtained during
approximation with the described thermodynamic model and using ANN was made.

The numerical experiment showed the possibility of using ANN in the approximation
of some thermodynamic properties of refrigerants. The relative error when using an adequate
thermodynamic model is below 0.1%, but the creation of the model and determination of the
coefficients is labor-intensive and requires high qualification. The relative error during
approximation with ANN in the working range from 210 K to close to the critical temperature
is from 0.5 to 1%, for the considered thermodynamic quantities, with the approximation using
ANN being fast (after initial training) and not requiring any special qualification.

G8-9: Research on the thermodynamic properties of geothermal sources in Bulgaria
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The heat capacity and saturation pressure depending on the mineral composition of the
water in the springs: KOM, Gorna Banya, Hisar, and Devin were investigated. The study was
conducted under isochoric heating and recording, with the temperature increasing with the
pressure rising by 1 bar. The main feature of mineral waters in Bulgaria is the diversity of
dissolved mineral substances in them. Common indicators include concentrations of fluoride,
bicarbonate, and sodium ions, significant amounts of metasilicic acid, high purity of these
waters concerning inorganic nitrogen ions, their stability over time, and high flow rates and
temperatures, making them widely usable not only for balneotherapy but also for other areas.
The results show that: 1) the temperature change during isochoric heating and pressure increase
by 1 bar is almost the same for the investigated springs (the difference is up to 0.3°C); and 2)
the specific heat capacity depends less on the composition of the waters and their
mineralization. For the range 30+60°C, a linear equation for calculating the specific heat
capacity of the investigated mineral waters was proposed, and the corresponding coefficients
were presented.

G8-10: Experimental evaluation of the thermal insulation properties of nonwoven
textile materials

The study aimed to test the possibility of using thermographic analysis to evaluate the
thermal insulation properties of nonwoven textile materials. Nonwoven textile materials (NTM)
are flat textile products obtained by non-classical methods of bonding fibers and layers (batts)
of fibers, threads, and other textile materials. These are textile products with technical purposes,
including their application as thermal insulations in construction, mechanical engineering, and
clothing. To experimentally determine the thermal insulation qualities of the materials, a setup
was made to calculate how the heat transfer coefficient U, W/m?K changes. As a result of the
work done and the experimental results obtained, two materials made from regenerated fibers
using the needle-punch method were selected. They can be used as good thermal insulators at
temperatures of 40-50°C. The main criterion for choosing nonwoven textiles is the bulk density
of the material. At the same time, it becomes possible to use textile waste for internal thermal
insulation of homes. This highlights the potential of using these industrial wastes and can
contribute to greater economic sustainability in construction.

G8-11: Some analytical dependencies for determining the thermodynamic properties
of water

Analytical expressions for determining the specific enthalpy, mass-specific heat
capacity at constant pressure, and density of water were obtained through regression analysis.
These expressions are intended for heat engineering calculations in the engineering-applied
field using electronic computing equipment to automate the calculations. The obtained
simplified analytical apparatus for calculating the listed parameters of water is in the
temperature range 0.01°C + 350°C and pressure from 611.66 Pa to 100 MPa. Along the
saturation line, the dependency of the saturation temperature on the pressure is presented in the
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range 611.66 Pa + 22 MPa. An error assessment was made for the obtained expressions,
presented in tabular and graphical form, where a clear increase in deviations is observed in areas
close to the zero Celsius temperature and the critical point of water. The dependencies for
determining the listed properties can be used in various areas of engineering practice for the
specified temperature and pressure ranges.

G8-12: Thermophysical properties of carbon monoxide at low pressure

A simplified analytical apparatus for calculating the thermophysical properties of
carbon monoxide in the temperature range 100°C + 1,000°C at pressure equal to or close to
atmospheric pressure was proposed. The equations are for calculating density, specific heat
capacity, thermal conductivity, and dynamic viscosity. The work presents the values of the
coefficients for the corresponding analytical expressions. An error analysis was made, and the
obtained results are presented in tabular form. The dependencies for determining the properties
of carbon monoxide can be used in various areas of engineering practice for the specified
temperature ranges at low pressure.

5. Research on modules for solar energy conversion and factors affecting their
performance

In this direction, the following publications fall: G8-16 and G8-21. The main scientific
and applied contributions are:

G8-16: Study of the energy and aerodynamic characteristics of an air solar collector

under natural conditions

A test of a hybrid solar air collector for autonomous ventilation of premises in residential
and industrial buildings was conducted. It was carried out at the renewable energy sources
testing ground at the Technical University of Sofia. The energy and aerodynamic characteristics
of an air solar collector (ASC), combined with a photovoltaic panel to ensure forced circulation
of fresh air through the collector to the room, were studied. In addition to providing energy
autonomy, the combination of the two types of collectors leads to a self-regulating mode of
operation of the system, mainly depending on the intensity of the solar heat flux incident on
both collectors. The study was conducted in mid-May, under conditions of highly variable
cloudiness and atmospheric air temperatures ranging from 15°C to 25°C. The climate
parameters were recorded by the meteorological station at the testing ground, and the data from
the measurement of the air flow properties through the collector, the fan parameters, and the
absorber temperature were recorded every two seconds on an electronic medium. The results
of the experiment were processed and summarized. Due to the lack of data on the behavior of
such hybrid systems and established criteria and models for their evaluation, a methodology
and form for their presentation were developed for practical use. The obtained results were
insufficient for a final assessment of the energy characteristics of the collector, but sufficient to
identify the factors significantly affecting the efficiency of the ASC, to plan additional

experiments, to create a methodology for evaluating the energy and aerodynamic characteristics
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of the collector and the form of their presentation, and to make conclusions for their
improvement. The natural character and conditions of the experiment provide a good real idea
of the qualities and possibilities for using such systems in practice.

G8-21: On the pollution of the working surface of solar energy conversion modules

A review of the main issues related to the pollution of the working surfaces of solar
modules was made. The peculiarities related to the impact of pollution on the performance of
solar systems, the generation of aerosols, their transport in the air, the processes, mechanisms,
and forces acting during the accumulation of dust, and the various factors affecting pollution
were presented. These factors relate to the properties of the pollution, the surrounding
environment, installation and climatic conditions, module characteristics, and exposure
conditions. The publication introduces readers to the accumulation of dust on working surfaces
and can help them better understand this phenomenon. The impact of pollution on the working
surfaces of solar modules is often not taken into account, and the problem should not be
underestimated. The study emphasizes the importance of this phenomenon for the operability
of solar modules. Regardless of the type of system used — solar thermal collectors, photovoltaic
panels, or solar energy concentration systems — pollution leads to a reduction in solar radiation
reaching the energy conversion elements. Increasing the specific mass of the accumulated layer
leads to a decrease in the performance of the modules, with smaller particles forming a denser
layer and reducing the transmission of solar radiation. Different types of dust have different
impacts, with the greatest degradation observed with charcoal and ash. Pollution affects not
only through shading but also through corrosion, scratching, and thermal effects.

6. Testing of low-power fans
In this direction, only publication G8-13 falls:
G8-13: Laboratory testing of axial low-power fans

Testing of axial low-power fans was carried out by recording the flow-pressure
characteristic Ps = f(Q). A laboratory stand for measuring the static pressure of the fan, the
volumetric flow rate of the air passing through it, and the rotational speed of the fan impeller
was developed. The stand is suitable for testing household fans according to the AMCA 210
standard. The use of instruments for measuring pressure and air flow rate different from those
specified in the standard leads to a modified stand scheme and a mathematical model for
processing the results. Flow-pressure characteristics of a series of fan devices were obtained as
a means of evaluating the influence of various factors on the operation of the devices. The
obtained results are of interest to both the manufacturer and the users of the devices.

For indicator G9

The presented developments under this indicator are chapters from the collective
monographic work "Energy Efficiency of Buildings: Monograph. Volume 1" ISBN: 978-619-
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167-515-9 (soft cover), ISBN 978-619-167-516-6 (e-book pdf) and "Energy Efficiency of
Buildings: Monograph. Volume 3" ISBN: 978-619-167-519-7 (soft cover), ISBN 978-619-167-
520-3 (e-book pdf), and fall into the generalized direction of Energy Efficiency of Buildings.

They are respectively: G9-1, G9-2, and G9-3. The main scientific and applied
contributions are:

G9-1: The chapter from the collective monographic work is titled ""1.4. Principles of
heat transfer. Heat transfer through building elements. Peculiarities of the heat transfer
coefficient (U-value, W/m?’K) for different structural elements of the building. Reference
sources for calculating and/or accounting for U-values''. A review of the methods of heat
transfer and the corresponding analytical dependencies for calculating the heat flux was made.
The calculation of the heat transfer coefficient through the building envelope elements has its
specifics, especially when it comes to heat transfer from the heated volume to the outside air,
where the heat flux passes through unheated spaces. Examples include heat transfer through
roofs with unheated air space; through floor structures in contact with unheated floors and/or
the ground.

The method for determining the heat transfer coefficient through building roof
structures, included in the Bulgarian regulatory framework since 2009, is a development by
Momchil Vasilev (based on the heat balance and the theory of free convection in a closed gas
layer). The chapter of the monograph presents a detailed methodology for calculating the U-
value to the outside air, for the existing state of the building and using reference values for a
specific year from the relevant current norms.

For floor structures, the presented analytical apparatus in the regulatory framework is
related to the general case where the projection of the floor slab above the unheated basement
coincides with the floor slab of the basement in contact with the ground. Additionally, many
uncertainties arise when it is necessary to solve a number of specific cases. The chapter of the
monograph proposes equations that provide solutions to specific cases and cover variants with
different floor slabs on and above the unheated basement.

Formulas for calculating the heat transfer coefficients of walls and horizontal elements,
when they simultaneously participate in heat transfer through unheated spaces, which can be
roof or floor structures, are derived and presented.

The calculation of normative and reference U-values is not described in the regulatory
framework and represents a challenge for both beginners and some of those working in the field
of energy efficiency. In this regard, at the end of the chapter, all possible cases where it is
necessary to calculate these U-values are described, the sequence for reaching the final result
is given, and certain specifics for specific cases are explained.

G9-2: The second chapter used from the collective monographic work, listed under G9,
is co-authored. The candidate's contribution to it is included in the first part of the title, namely
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"1.7. Stages, content, and peculiarities of energy efficiency audits of buildings. Reference
sources of data, systematization, and documentation of input data and results. Sensitivity
analysis of results”. This chapter conveys the accumulated experience of the author,
participating in team energy efficiency audits of over 100 buildings in Bulgaria, starting in
2001. The tasks necessary to achieve the goal of a given audit are systematized. The main stages
included in an audit are listed, and the corresponding activities for each of them are highlighted.
The peculiarities and additional activities that need to be taken into account when conducting
an energy efficiency audit are described in detail. During the audit activities, optimization is
achieved by appropriately grouping the reference sources of data. The following groups are
proposed: existing documentation; site inspections; interviews with responsible persons for the
building and staff; and measurements. The importance of structuring and systematizing the data
obtained from documentation, measurements, and site inspections in a form suitable for
subsequent calculation of the building's energy characteristics is explained. A specific table for
use is proposed as a convenient form for obtaining information and systematizing the input data

for energy carriers.

Sensitivity analysis is a technique known to economists, but observations show that it
is not applied in practice during building audits. Although using the established "Financial
Calculations" software by ENSI ("Economy software" ENSI) makes the analysis labor-
intensive, the development points out the importance of performing such an assessment in cases
where the results depend on assumptions about key parameters, whose future changes may
significantly influence the final result. The adaptation of parameters necessary for the energy
efficiency analysis of buildings summarizes the two groups of parameters: 1) net present value
(NPV), as a criterion showing the profitability of a given proposal; and 2) key parameters
changing within a given range — investment costs, energy consumption for the heat pump,

energy carrier prices, real interest rate, and economic life.

G9-3: In the chapter "1.16. Energy passive buildings and nearly zero-energy buildings.
Interconnections and differences of the concepts. National legislation, European standards,
and norms", an analysis of the standards and development of issues related to passive buildings
for the state corresponding to 2022 was made. The "Passivhaus" standards (in German, coming
from its founder Wolfgang Feist) are not mandatory for Bulgaria. They can be applied to both
new buildings and the renovation of existing buildings. For new buildings, the corresponding
standard is "Passive House®, and for existing buildings, it is mainly "EnerPHit*. There is also
an alternative standard called "PHI Low Energy Building®, which is applied when the criteria
of the previous standards regarding energy efficiency and comfort are not fully met for a given
building. In addition to a detailed presentation of the standards, the chapter describes the
advantages and specifics of the principles of the "Passive House" concept.

When conducting energy efficiency audits of existing buildings, with the entry into force
of the new regulatory framework in 2022, it became mandatory to propose a package of
measures leading to a state of the building corresponding to the definition of a "Nearly Zero-
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Energy Building" (nZEB). A thorough study of the directives of the European Parliament and
the Council, the guidelines to the Delegated Regulation (EU), the laws, and regulations related
to nZEB was conducted. The issue of cost-optimal energy characteristics, calculated using the
global cost methodology, was clarified. The development provides explanations for a number
of terms used in the regulatory framework. For greater clarity and easier understanding, a
graphical representation of the national definition of a nearly zero-energy building is made. The
most commonly applied systems for renewable energy in the field of nZEB are listed.
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