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2.1.1 Zimparov*, VD, Penchev PJ, Bonev PJ, Heat transfer enhancement with tube inserts:
how can we define the best benefit?, Manuscript Number: ThSci2024.166, ISSN 2334-
7163 (online edition), ISSN 0354-9836 (printed edition), IF 1.1

HNHTeH3upuKaANMs HA TOIMJI000MEHA ¢ TPbOHM BJIOKKHU: KaK J1a onpeae/J MM Haii-qo0para
neyayubda

ToBa mpoyuBaHe npenopbyBa u3noia3Banero Ha aAsa kputepus FG-1a u FG-1b 3a ouenka Ha
MOJI3UTE, KOUTO MOTaT Ja ObJaT MOJIy4YeHH MPH pa3jilyeH MPEeHOC Ha TOIUIMHA B JU3aiiHa Ha
TOIJIOOOMEHHH arapard, B KOUTO Ca BHEAPEHHM TEXHHUKH 32 MOA0OpsSBaHE Ha TOIUIOOOMEHA,
BMECTO Haii-uecTo u3noi3Banus kputrepuidi PEC, 6a3upan Ha orpaHn4yeHneTo Ha pukcupaHa
nomneHa MoinHoc. Koraro TOIUIMHHMTE XapaKTEpUCTUKHM Ha JiBa IPEHOCAa HA TOIUIMHA B
KaHaJUTE C€ CpaBHsABAT, Te TpsOBa Ja ObJaT I[OCTAaBEHM IIPU pPaBHU YCIOBHS, KaTo
(buKcHpaHU TOILIOOOMEHA TUIOII, MacOB IMOTOK U HadaliHa Temreparypa. ChIo Taka € BaKHO
JJaJIi € HAJIMYHO BBHIIHO TEPMHYHO CHIPOTHUBIICHHE Ha KaHaja uiau He. [IbpBusr cinyuaii e
TUIMHYEH 32 eKCIIEPUMEHTH B KOXKYXOTPBOHU TOIUIOOOMEHHUIIU, KBAETO IIeNITa € YBEIMUaBaHe
Ha TOIUIMHHUS MOTOK, JIOKATO BTOPUSAT CIIy4yall € TaKbB MPU €KCHEPUMEHTHU C €IEKTPUUECKO
HarpsiBaHe Ha CTeHaTa Ha Tpb0aTa, KbJETO LIeNTa € HaMalIsIBaHe Ha TeMIlepaTypHaTa pa3jiuKa
py PUKCUPAH TOIJIMHEH MOTOK. /IOMBIHUTETHO OrpaHMYEHUE U B JIBaTa Cliydyas € 4HCI0TO
Ha reHepupaHaTta eHTponusi Ng<l. Upe3 MHOXKECTBO NpHUMEpH, W3MOI3BAWKH pa3ivMyHU
BJIO’KKM OT yCyKaHa JIEHTa, C€ IEMOHCTpUpa Kak TpsiOBa na ObAaT mpuaraHu KpUTEpUUTE 3a
OlICHKa Ha TOIUIMHHUTE noi3u. M3non3Banero Ha kputepus PEC e cBbp3aHO ¢ MHOro
MOTPELIHN PE3YNTAaTH U Hepa3OpaHu 3aKII0UeHHs], KOUTO ca [TOKa3aHW B TOBA IPOYYBAHE.

Heat transfer enhancement with tube inserts: how can we define the best benefit?

This study recommends the use of two criteria FG-1a and FG-1b for evaluating the benefits
that could be obtained when different heat transfer enhancement techniques are implemented
in the heat exchanger design, instead of the most commonly used criterion PEC, based on the
constraint of fixed pumping power. When the thermal performances of two heat transfer
channels are compared, they must be put under equal conditions, such as fixed heat transfer
area, mass flow, and initial temperature. It is also important whether an external thermal
resistance of the channel is available or not. The first case is typical for experiments in shell-
and-tubes heat exchangers where the objective is an increase in the heat flow, whereas the




second case is encountered in experiments with electrical heating of the tube wall, where the
objective is a decrease in the driving temperature difference with fixed heat flow. An
additional constraint in both cases is the augmentation entropy generation number Ng<1 .
Through manifold examples, using different twisted tape inserts, we demonstrate how these
two criteria have to be implemented for assessing the thermal benefits. The use of the
criterion PEC is connected with many erroneous results and misunderstood conclusions that
have been revealed in this study.




2.2.1 Zimparov VD, Penchev PJ, Meyer JP, Performance evaluation of tube-in-tube heat
exchangers with heat transfer enhancement in the annulus, Thermal Science, (10) 1, pp. 45-
56, 2006, ISSN 1003-2169

4.1.2. Zimparov VD, Penchev PJ., Meyer JP, Performance Evaluation of Tube-in Tube Heat
Exchangers with Heat Transfer Enhancement in the Annulus, Proc 4nd Int. Conf. on Heat
Transfer, Fluid Mechanics and Thermodynamics, Victoria Falls, Zambia, 23-26 June 2003,
Paper ZV1

2.2.1 Ounenka Ha edeKTHBHOCTTAa HA TOIUIOOOMEHHHIM THN ,TPpbOa B TPBLOA“ ¢
nojgo0peHue Ha TOMJIO0OOMEHA B IPbCTEHA
4.1.2 Onenka Ha e(EeKTHBHOCTTAa HA TOIJIOOOMEHHHUIIM THN ,TPpbOa B TPBLOA“ ¢
nojgo0peHue Ha TOMJIO0OMEHA B IPbCTEHA

Pa3znuuHu TEXHUKM KaToO BIOXKKH Ha CHUPAIOBUAHA JIEHTA MOA BI'bJ, KpbIVIa TpbOa
BBTpPE B YCyKaHa KBaJlpaTHa TpbOa U CIMpaAIIOBUIHA TPHOA BBTPE B MIPBCTEHA Ca U3IOJI3BAHU
3a MoAo0psiBaHE Ha MPEHOCAa Ha TOIUIMHA B MPBCTEHA HA TOIUNIOOOMEHHUIIMTE THIl TpHOa B
TppOa. IlomoOpsBaHETO HA TOIUIONPEMUHABAHETO B YEPyNKaTa MOXKE Aa ObAe JOIBIHEHO
ype3 yBelMYaBaHE Ha TOIUIONPEMUHABAHETO B TPHOM C IOMOIITA HAa YCYKAHU JIEHTOBHU
BJIOXKKH WM TpeOM C Mukpopedpa. EdekTpT 0T TepMHUYHOTO CHIPOTUBICHHE HA
KOHJICH3UpALMs XJIAJUICH areHT ChII0 MOXe Ja ObJe B3eT 10J BHUMaHME. 3a Jla ce OLECHU
10J13aTa OT U3MOJI3BAHETO HA TE3U TEXHHUKH, Ca BbBEJICHH Pa3LIMPEHU KPUTEPHUH 3a OL[CHKa Ha
e(peKTUBHOCTTa IpPU PA3IUYHU OrpaHuueHus. HamansBaHeTo Ha reHepupaHara €HTpPONHUs
MOJKe J]a c€ KOMOMHUPA C OTHOCUTEIIHOTO YBEJIMYEHUE HAa CKOPOCTTA Ha MPEHOC Ha TOIJIMHA
WIM OTHOCUTEIHOTO HaMallsiBaHE Ha IUIOLITa Ha TOIUIOOOMEHHHUKA, 3a Ja CE YCTaHOBST
reOMETPUYHUTE MapaMEeTPU Ha TPBHOUTE MPU ONTUMAIHO TEPMOJUHAMUYHU XapaKTEPUCTUKH.
Pe3synrarure nokaspar, 4ye B MOBEYETO OT pa3MIEkKAAHUTE CIydal TEXHUKATa HA BMbKBaHE Ha
CIUPAJIOBHIHA TPBHOA MO BI'bJ € Hall-e()EeKTHUBHA.

2.2.1 Performance evaluation of tube-in-tube heat exchangers with heat transfer
enhancement in the annulus

4.1.2 Performance Evaluation of Tube-in Tube Heat Exchangers with Heat Transfer
Enhancement in the Annulus

Different techniques as angled spiraling tape inserts, a round tube inside a twisted
square tube and spiraled tube inside the anulus have been used to enhance heat transfer in the
annulus of tube-in-tube heat exchangers. The heat transfer enhancement in the shell can be
supplemented by heat transfer augmentation in tubes using twisted tape inserts or micro-
finned tubes. The effect of the thermal resis tance of the condensing refrigerant could also be
taken into consid eration. To assess the benefit of using these techniques extended
performance evaluation criteria have been implemented at different constraints. The decrease
of the entropy generation can be combined with the relative increase of the heat transfer rate
or the relative reduction of the heat transfer area to find out the geometrical parameters of the
tubes for optimal thermodynamics performance. The results show that in most of the cases
considered, the angled spiraling tube insert technique is the most efficient.




2.2.2 Penev M, Penchev P, Stoyanov I., Kinetic Models Of Drying Of Textile Products,
IJETCAS, 13 (517), 69-73, 2013

3.1.3 Ilenues II., [TleneB M., Anrenos JI., Kunetnka Ha n3napeHue Ha Bjarara OT IIEBHHUTE
m3nenus, Tekctun u obnekio, 6p. 7, 197-202, 2011, ISSN 1310-912X

3.1.4 Amnreno /l., Ilenes M., IlenueB II.,., Kunetnka Ha u3mapeHue Ha Biarata oOT
IIEBHUTE M3JENH- €KCIIEPUMEHTATHN HU3cienBanus, Tekctuia u obiekio, op. 8-9, 210-215,

2012, ISSN 1310-912X

2.2.2 KuHeTUYHH MOJeJIM HA CyllIeHe HA TeKCTUJIHH NPOAYKTH
3.1.3 KuHeTHKA HAa H3MApPeHNe HA BJIAraTa oOT MIEBHUTE U3/eJIHs

3.1.4 Kunerunka Ha H3MapeHue Ha BJarara OT HIEBHUTE HU3AC/INUSA- €KCIICPUMEHTAJIHHA
H3CJIcABaAaHUA

Pe3rome: M3cnenBa ce ckopocTTa Ha U3NapeHHe Ha BiaraTa oT obneksnoTro. Hanpasen e onut
Jla ce HaMepy pellieHHe Bb3 OCHOBA HA YPaBHEHUATA 3a MPEHOC Mo (hopMaTa Ha TEYHOCT U B
MapHOTO MPOCTPAHCTBO HA PA3IMYHU TEKCTWJIHU Matepuanu. Pesynrarure ca o6paboTeHu u
Mpe/icTaBeHu B TpaduyeH BHI.

KaouoBu AYMMU: CYHICHC HAa TCKCTUJI, KalTWJIIPCH MOJCII

2.2.2 Kinetic Models Of Drying Of Textile Products
3.1.3 Kinetics of moisture evaporation from sewing products

3.1.4 Kinetics of moisture evaporation from sewing products - experimental studies

Abstract: Examined are the rate of evaporation of moisture from the clothing items. An
attempt was made to find solutions based on the equations for the transfer of moisture in the
form of liquid and vapor in the vapor space of the different textile materials. The results were
processed and presented in graphical form.

Keywords: drying of textile, capillarity model




3.1.1 Zimparov VD, Penchev PJ., Performance Evaluation of Some Tube Inserts as Heat

Transfer Enhancement Techniques, Mexanuka Ha mamuuute, (48), Kaura 4, 64-67, 2003,
ISSN 0861-9727

4.1.1 Zimparov VD, Penchev PJ, Performance Evaluation of Some Tube Inserts as Heat
Transfer Enhancement Techniques, Proc 3th Int. Conf. on Heat Transfer, Fluid Mechanics
and Thermodynamics, Cape Town, South Africa, 21-24 June 2004, Paper ZV1

4.2.3 3ummapoB B., IlenueB II., MunHuMusupaHe Ha TreHepHpaHaTa EHTPONUS Upe3
U3MOJI3BaHEe Ha TPBHOU C BIOXKKH B KOXKYXOTPBbOHHU TOII00OMeHHHM amapatu, Mexa. Hayuna
Koud. YHUTEX 03, I'abposo, 20-21 Hoemspu, 601-605, 2003, ISBN 954-683-167-0

3.1.1 Kputepuu 3a ouieHKA MPH U3M0JI3BAHETO HA HAKOIN TPHOHM BJIOKKHU KAaTO TEXHUKH
3a MHTeH3U(UKAIUS HA TOIJIO00OMEeHa

4.1.1 Kputepum 3a oueHKa NPH U3M0/J3BAHETO HA HAKOW TPbOHH BJIOKKHM KaTO TEXHUKH
3a MHTeH3U(PUKAIMS HA TOIJIO00OMEeHa

4.2.3 MuHMMHU3MpaHe HA TeHepPHPAHATA eHTPONUS Ype3 U3M0JI3BaHe HA TPBHOHU C BJIOKKH
B KOKYXOTPBHOHHU TONJIOOOMEHHHU anapatu

CnupanoByuHO HABUTHU MPYKUHU U CHHUPATHU JICHTH KaTO TPHOHU BIOKKH B TJIAJKU
TppOU U opebpeHu TpPHOU ca OLIEHEHHW KaTO TEXHUKU 3a MOAOOpsSBaHE Ha IpeHoca Ha
TOIUIMHA. 3a Ja ce OIEHH MoJj3aTa OT M3IOJI3BAaHETO Ha TO3M BHJ TPHOHU, ca BbBEICHU
pasmmpenu kpurepun 3a orieHka Ha edekruBHocTTa (PEC). HamansBaneTo Ha reHeprpaHeTo
Ha EHTPOIUS MOKE J1a C€ KOMOMHHUpPA C OTHOCUTEIIHO YBEJIMYaBaHE Ha CKOPOCTTa Ha MPEHOC
Ha TOIUIMHA WM OTHOCHUTEJIHO HaMaJsiBaHE Ha IUIOIITA, 3a Ja C€ HaMEepU TePMOAMHAMUYHUST
ONTHUMYM.

KitouoBm gymu: momoOpsiBane Ha ToruioooMena; CrimpainHo HaBuTH JieHTH; OpeOpena Tproa;
Kpurepuu 3a onenka, MUHMMU3HpaHe Ha TEHEPUPAHETO HA EHTPOIUS.

3.1.1 Performance Evaluation of Some Tube Inserts as Heat Transfer Enhancement
Techniques
4.1.1 Performance Evaluation of Some Tube Inserts as Heat Transfer Enhancement
Techniques
4.2.3 Entropy Generation Minimization of Some Tube Inserts for Shell and Tube Heat
Exchangers

Helically coiled ribbons and Twisted tapes as tube inserts in smooth pipes and rifled
pipes have been evaluated as heat transfer enhancement techniques. To assess the benefit of
using this kind of tubes extended performance evaluation criteria (PEC) have been
implemented. The decrease of the entropy generation can be combined with relative increase
of heat transfer rate or relative reduction of heat transfer area to find out the thermodynamic
optimum.

Keywords: Heat transfer enhancement; Helically coiled ribbons; Rifled pipe;
Performance evaluation criteria. Entropy generation minimization.




3.1.2 Zimparov VD, Penchev PJ, Entropy Generation Minimization Method As A Tool To
Select The Best Enhanced Heat transfer Surfaces, Journal of the Technical University of
Gabrovo — Vol. 31. pp. 54-61,2005, ISSN 1310-6686

3.1.2 MeToasT 3a MHUHUMHU3IHUPAHE HA T'CHEPpUPpaHaTa CHTPOIIUS, KaTO CPEACTBO 3a H360p
Ha Haﬁ-ﬂﬁﬁpHTe MOBBPXHOCTH 34 I/IHTeH3I/I(1)I/IKaIII/Iﬂ HA TOILIOO0OMEHA

MuHUMU3MpAHETO Ha TEHEPUPAHETO Ha CEHTPONUA € METOABT 3a MOJEIMpaHe U
ONTUMU3MpPAHE HA pEaJHU YCTPOMCTBA, KOMTO JABJDKAT TEPMOJUHAMHYHOTO CHU
HECHBBPILICHCTBO B CJIEJICTBUE HAa IMPEHOC Ha TOIJIMHA, PEHOC Ha Maca U HEOOpaTUMOCTTa
Ha GuynaHus notok. llenuTe Ha onmTMMu3anusATa MoraT jaa ObJaT MUHUMH3MpPAHE Ha
IeHEepPUPAHETO Ha EHTPONUs B TOIJIOOOMEHHMLIUTE, YBEJIMYaBaHE HAa TOILIMHHATA MOIIHOCT,
yBeJIMYaBaHE Ha HUKOHOMHYECKaTa II0JI3a WIM MUHUMM3MpaHe Ha  pa3XoJuTe.
MuHUMU3MpPAHETO HA TEHEPUPAHETO HA EHTPOIMS B KaHAJIU C MIPEHOC HA TOIJIMHA MPUBIIEYE
3HAYUTEJIEH UHTEPEC OT CTpaHa Ha MH)KEHEPUTE, pabOTELN BbpXY TEXHUKHUTE 3a YBEIUYaBaHE
Ha IPEeHOca Ha TOIUIMHA. bsxa OLlEHEHU pa3JIMYHU TEXHUKU KATO YCYKaHU JIEHTH, TEJIEHU
HAMOTKHA W CHHPAIHO HABUTH JIGHTH KAaTO TPHOHM BIIOXKKH B TJIAIKH TPHOW, KAKTO H
TPUU3MEPHU TPAUMHKM WM NUPaMUJAJIHA I'PalaBoOCT HA MOBBPXHOCTTA. 3a Jja CE OLEHU
10J13aTa OT U3MOJI3BAHETO HA TE3U TEXHUKH, Ca BbBEICHHU PA3LIMPEHH KPUTEPUH 32 OLICHKA Ha
epextuBHocTTa (PEC) mpu pasznuunu orpanndenusi. HamansBaHeTo Ha TreHEepHUpaHETO Ha
EHTPOIUS MOXKeE J1a c€ KOMOMHHMpPA C OTHOCUTEITHOTO YBEJIMYEHUE Ha CKOPOCTTA HA IPEHOC Ha
TOIUIMHA WJIM OTHOCHUTEIHOTO HaMaJlsiBaHE Ha IUIOIITa Ha IPEHOC HAa TOIUIMHA, 33 Ja Ce
YCTAaHOBAT T'€OMETPUYHUTE NapaMeTpu Ha TPHOUTE 3a ONTHUMAIHO TEPMOJUHAMHYHO
npencraBsHe. To3M craTusi akLUEHTHpa BbPXY CpaBHEHUSATAa Ha Hai-moOpuTe o0pa3uu Ha
pa3IMYHM TEXHMKH 3a NOJ0OpsSBaHE Ha TOIUIOOOMEHAa B KOXYXOTPBOHM XOPHU30HTAIHU
KOHJIEH3aTOPH.




3.1.2 Entropy Generation Minimization Method As A Tool To Select The Best Enhanced
Heat transfer Surfaces

Entropy Generation Minimization (EGM) is the method of modeling and optimization of real
devices that owe their thermodynamic imperfection to heat transfer, mass transfer and fluid
flow irreversibilities. The objectives of the optimization may be minimization of entropy
generation in heat exchangers, maximization of power output in power plants, maximization
of an economical benefit or minimization of cost. The minimization of entropy generation in
ducts with heat transfer attracted considerable interest from engineers working on heat
transfer augmentation techniques. Different techniques as twisted tapes, wire coil and
helically coiled ribbons as tube inserts in smooth pipes as well three-dimensional dimple or
pyramidal surface roughness have been evaluate. To assess the benefit of using these
techniques extended performance evaluation criteria (PEC) have been implemented at
different constraints. The decrease of the entropy generation can be combined with the
relative increase of the heat transfer rate or the relative reduction of the heat transfer area to
find out the geometrical parameters of the tubes for optimal thermodynamics performance.
This paper emphasizes on the comparisons of the best samples of different heat transfer
enhancement techniques for shell-and-tube horizontal condensers.




3.1.5 [TIlenues Il., M3cnenBane XxapakTepUCTUKUTE HA KOMOMHUPAaHA CHCTEMa 32
oToruieHHe U OMTOBa ropeiia Boa, Science & Technologies, Volume VI, 86-93, Number 4:
Technical Studies, 2016, ISSN 1314-4111

3.1.7 MenueB II., M3cnenBane Ha XapaKTEpPUCTHKUTE HAa KOMOWHHUpaHa CI'bHUEBA
cuctemMa U OydepeH ChbJ 3a MOArpsABaHE HA OTOIUICHHE W OWTOBa ropeiia Bojaa — 4acT 1 -
TEOpeTUYHA mocTaHoBKa, Science & Technologies, Volume X, Number 3: Technical Studies,
pp: 34-38, 2020, ISSN 1314-4111

3.1.8 Ilenues II., M3cnenBane Ha XapaKTEpUCTUKUTE HAa KOMOWHHMpaHa CIIbHYCBA
cucrema u OydepeH cbJ 3a MOATPSIBaHE HAa OTOIUICHWE M OMTOBA TOpelia Bojga — 4acT 2 —
pesyartatu ot uscienasanero, Science & Technologies, Volume X, Number 3: Technical
Studies, pp: 35-39, 2020, ISSN 1314-4111

3.1.5 U3caenBaHe XapaKTepUCTHKUTE HA KOMOMHMPAHA CHCTEMA 32 OTOIJIEHHe U OUTOBA
ropeuia Bojaa

3.1.7 H3ciaenBaHe Ha XapaKTepPUCTHKMTE HAa KOMOMHHUPAHA CJbHYEBA CHCTEMAa M
Oydepern cba 3a moArpsiBaHe Ha OTOIUIEHHe W OMTOBa ropema Boga — vact 1 -
TeOpeTHYHA MOCTAHOBKA

3.1.8 H3ciaenBaHe Ha XapaKTepUCTHKMTE HAa KOMOMHHUPAHA CJbHYEBA CHCTEMAa H
OydepeH cbj 32 MOATPsAABAHE HA OTOIVICHHE U OUTOBA ropella BoAa — 4YacT 2 — pe3yJITaTh
OT U3CJIeIBAHETO

[Ipu opasmepsiBaHe Ha COJIApHM CHCTEMW CE€ LM COJIapeH [ OT oO0IiaTa OTOIUIUTENHA
notpebHocT mexay 10 n 40%. 3a &a € 1enecho0pa3HoO HM3IOJI3BAHETO HA COJapHA TEPMUYHA
HHCTAJIaIM 3a MOoAIoMaraHe Ha OTOIIEHHETO Ha MOMEIIEHUATA, ¢a HEOOXOIUMH CIIEIHUTE
Ka4ecTBa Ha crpajara U OTOIUINTEIHATA MHCTAJIAIIUA:

Bb3M0kHO Haif-Malika OTOTUIMTENIHA TOTPEOHOCT
Bb3MOKHO Hali-HUCKa TEMIIepaTypa Ha II0JaBaHe U BPbILIAHE.
ExcniepumenTanHat cuctema, ce ChcTou OT Oydepen cva ¢ BmectumocT 10001, capHUEBH

KOJIEKTOPH, JIBa KOKYXOTPHOHH TOIUIOOOMEHHHU amapara ChC CHHpPATHO-BAII[OBaHU TPHOU U
JOMBJIHATENICH W3TOYHUK 3a JOMOATPSBaHE Ha BoJaTa B OTOIUIMTEIHATAa HWHCTAAIIMS.
Pazpaborenara cucrema U METOJMKAa KbM HEs MOraT Jla MOraT Ja ObJaT W3MOJ3BaHU KaTo
0a30BH U J1a ce HAATpaKaT MPU MPOEKTUPAHETO HA MO-CJI0KHU CUCTEM




3.1.5 Study the characteristics of a combined heating and domestic hot water system

3.1.7 Characterization study of a combined solar system and buffer vessel for heating
and domestic hot water - part 1 - theoretical setting

3.1.8 Penchev P., Study of the characteristics of a combined solar system and a buffer
vessel for heating and domestic hot water - part 2 - study results

When sizing solar systems, aim for a solar share of the total heating demand between
10 and 40%. For it to be appropriate to use a solar thermal installation to support the heating
of the premises, the following qualities of the building and the heating installation are
necessary:

Lowest possible heating requirement
Lowest possible supply and return temperature.

The experimental system consists of a buffer tank with a capacity of 1000 I, solar
collectors, two shell-and-tube heat exchangers with spiral-rolled tubes and an additional
source for reheating the water in the heating installation. The developed system and its
methodology can be used as a base and can be built on when designing more complex
systems




3.1.6 Ilenuer Il., ExcnepuMeHTa/IHO H3CJieJBAaHE HA XapaKTEePUCTHUKHTE Ha
HacuneH martepuali, Science & Technologies, Volume VI, 79-85, Number 4: Technical
Studies, 2016, ISSN 1314-4111

3.1.6 IlenueB Il., ExciepuMeHTATHO HM3C/elBAHE HA XapAKTePUCTUKHUTE HA HACHIIEH
MaTepua

['eomerpuunuTe W (U3UYHU CBOWCTBA HA TBBPAMTE YAaCTHIM HMAT TOJSAMO U
HETNOCPEJCTBEHO BIIMSHUE BBPXY CBOMCTBaTa Ha (IyHAM3MpPAHUTE CHCTEMH, pa3xoia Ha
€Heprus 3a IPUBEXKJIAHE Ha Ipoueca U  MPEeJonpeneisiaT KOHCTPYKLHATa Ha
pasnpenenuTeNIHaTa peuleTKa M Ha Leiaus CYIIWJIEH arperar. I'eoMeTpu4HHUTE CBOMCTBA
BKJIIOYBAT pa3Mepa U Qopmara Ha YaCTHUIHMTE, CHCTOSIHUETO HA TAXHATA MOBBPXHOCT WU
IUTBTHOCTTA HA pa3NpeleNIeHUeTO UM B HACUITHO ChCTOsHUE. Haii-BakHU (M3UYHU CBOICTBA
Ha IUTBTHOCTTA, BI'BIBT HA €CTECTBEH OTKOC M bI'bjla HA BBHIIHO TPUEHE B HACHUIIHO
ChCTOSIHME. B cTarusTa ca nokazaHu eKCIIEpUMEHTAIHU PE3YJITATU 32 HACUIIHATA IUTBTHOCT U
BIJINTE HA €CTECTBEH OTKOC, BHTPEIIHO U BHHIIIHO TPUEHE HA AbPBECHU TPHULM, [TOJIYYEHH OT
raTep.

3.1.6 Experimental investigation of bulk material characteristics

The geometric and physical properties of solid particles have a large and immediate
effect influence on the properties of fluidized systems, energy consumption to bring the the
process and predetermine the construction of the distribution grid and of the entire dryer
aggregate. Geometric properties include the size and shape of the particles, the state of their
surface area and the density of their bulk distribution. The most important physical properties
of the density, the angle of natural slope and the angle of external friction in bulk. The paper
shows experimental results for the bulk density and angles of natural chamfer, internal and
external rubbing of wood bran obtained from a garter.
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421 Ilenue II., 3umnapoB B., EdexTHBHOCT Ha TpHH3MEpPpHA MOBbLPXHOCTHA
rpanaBocT 3a MHTeH3MUUMpPaHe HA TOmI000MeHa B TpbOu, Mexn. Hayuna Kond.
YHUTEX 02, I'a6poso, 21-22 HoemBpu, 478-482, 2002

4.2.1 E¢peKTHBHOCT HA TPHHU3MEPHA MOBBPXHOCTHA IPanaBoCT 3a HHTeH3U(UUHPaHe HA
TOII000MEHA B TPHOH

Pasmmpenn kputepun 3a ouenka Ha edpextuBHocTTa (PEC) ca m3mon3BaHu 3a OleHKa Ha
nmojidata OT TPUU3MECpPHA TpalldMHKa W I[IHUpaMUAaIHATa TI'pannaBOCT Ha IIOBBPXHOCTTA.
TepMoIMHAMUYHUAT ONTHMYM MOKE Ja CE€ ONpEAeIH Ype3 MHUHHMH3HpaHE Ha YHCIOTO Ha
reHepupaHe Ha EHTPOIUS ¢ OTHOCUTEIHOTO YBEJIMUCHNE Ha CKOPOCTTA HA MIPEHOC Ha TOIIIMHA
WJIM OTHOCHUTEITHOTO HAMAJIIBAHE Ha IUIONITA Ha MPEHOC Ha TOIUIMHA.

KitouoBn aymu: I[lomoOpsiBane Ha TomooOmena; TpuusmepHa rpamaBoct, Kpurepun 3a
OlleHKa Ha e(heKTUBHOCTTa, MUHUMU3HUpaHEe Ha TEHEPUPAHETO HA EHTPOIUSI.

4.2.1 Efficiency of Three Dimensional Surface Roughness for Heat Transfer
Augmentation in Tube

Extended performance evaluation criteria (PEC) have been used to assess the benefit of three-
dimensional dimpled and pyramidal surface roughness. Thermodynamic optimum can be
defined by minimizing the entropy generation number with the relative increase of heat
transfer rate or relative reduction of heat transfer area.

Keywords: Enhancement of heat transfer; Three-dimensional roughness, Performance
evaluation criteria, Entropy generation minimization.
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4.2.2 Tlenue IlI., KazakoBa P., O0o0meHa MeToaumka 3a NPOEKTHpPaHe Ha
CyIIMJIHU ypeadu ¢ ponranupam cioii., Me:xxa. Hayuna Kond. YHUTEX 02, I'adposo,
21-22 Hoemspu, 487-492, 2002

4.2.2. O6001meHa MeTOIMKA 32 NPOEKTHPAHe HA CYIIMJIHH ypea0u ¢ poHTaHMpAal cJI0ii

[Ipuoputer Ha cymwiHuUTE C ,,()OHTaHMpaIl’ CIOH €, 4e OCUTypsiBaT MHOIO I0-100pa
PAaBHOMEPHOCT Ha Ipoleca Ha CYyIIEHE Ha HACUIIHU MaTepHald [0 I0-HUCKA KpanHa
BIaKHOCT. OCBEH TOBa TE€ €a IO-KOMIIAKTHU M I0-MaJIKO TPYAOEMKHU. 3a pasiaukKa OT
CYUIWJIHUTE C “KMISIL CJIOW”, KBJIETO CHIIECTBYBAa BB3MOXKHOCT 3a I105Ba Ha HECTAaTUYHU
HEXOMOTCHHHU IIPOLIECH B CJIOs, amapatuTe ¢ (OHTAHHpAIl ca €IHO OT pelleHHATa 3a
NPEoIoNIsIBaHE Ha OTPUIATETHHS HECTaTUYCH HEXOMOTeHEH eQeKT, MpeBpbhIUall ce B
CTaTHYEH.

B Tasu cratus € mpeicTaBeHa 00O0O0IIeHa METOIOJIOTHS 33 MPOEKTHpaHEe Ha CYIIMIIHU C
¢dboHTaHMpal cIo, mopaan (GaxTa, ye B TEXHHYECKATa JTUTepaTypa METOJOJIOTHHTE ca JI0CTa
IIPOTUBOPEYUBU U HETIBJIHHU.

KitouoBu nymu: ¢poHTaHUpAIL CIIOH, CYIIUIHHU ¢ (QOHTAHHUpPAII] CTIOW, HACUITHU MaTepHAalu.

4.2.2. Generalized Methodology for Designing of a Spouted Bed Dryer

Priority of the dryers with “sprouted” bed is, that they provided much better uniformity of
drying process of pile materials to a lower ending humidity. Except this, they are more
compact and less labor — consuming. For a difference of the dryers with “boiled fluidized
bed”, where a possibility for appearance of unstatical non — homogeneous processes in bed
exist, apparatus with spouted bed are one of the decisions for overcoming of negative
unstatical non —homogeneous effect, transforming in statical.

In this paper generalized methodology for designing spouted bed dryers is presented, because
of the fact, that in the technical literature methodologies are fairly contradictory and
incompletely.

Keywords: spouted bed, spouted bed dryers, pile materials.
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4.2.4 Tlenue II., nTten3udukanus Ha TOruiooOMeHa MpU KOHACH3AIMs Ha BOJIHA Tapa
BBPXY XOPH3OHTAIHH JIBJIOOKO CIHMPATHO-BAIIOBAHU TPHOH, KOMOMHHUPAHH ChC CIHPATHU
nentu, Hayuna Kond. ¢ Mexna. Yu. — Crapa 3aropa, Tom 1, 177-183,2005, ISBN 954-9329-
19-4

4.2.4 TlenueB IlI., MaTten3udukanus Ha TOIUIOOOMEHA TpPH KOHJCH3AIUs Ha BOJHA Iapa
BBPXY XOPH3OHTAIHH JIBJIOOKO CIHMPATHO-BAIIOBAHW TPHOH, KOMOMHHUPAHH ChC CIHMPATHU
JIEHTH

ExcriepumeHTanHo ca wu3cieaBaHd KOC(PHIMEHTHTE HA TOILIONPEIABaHE IIPU
KOHJICH3aI[Us1 3a IET XOPH30HTAIHH MEIHH IBI0OOKO CIHMPAlHO Ball[OBaHH TPHOH CBC
CIHMPAJIHO YCYKAaHU JICHTU U € HAIPaBEHO CpaBHEHHE MEXAY ChOTHOIIeHusATa Eo 3a TppOuTe
c ¥ 0e3 BJIIOKKH OT yCyKaHa JieHTa. XapaKTepHUTE MapaMmeTpu Ha Tpwoute ca: ¢/Di B
nopsabka Ha 0.0057, p/e=7.45, 9.50, 8.11, 6.77, 10.95; H/Di=7.7, 5.8, 4.7. HabnronaBauu ca
3HAYUTCIIHO ITIO-BHMCOKH BBHIIIHU KOG(bI/IHI/IeHTI/I Ha TonnonpeﬂaBaHe OT TE3W Ha TIJ1aagkKara
TpBHOa MPH CHITUTE PAOOTHHU YCIOBHSL.

KnrouoBu nymu: Konpensauwus, /pn0oko BanuoBaHa Tpbba, CnupanHo- ycykaHa
JIeHTa

4.2.4 Enhancement of condensation heat transfer coefficient by a combination of deep
spirally corrugated tubes with twisted tape inserts

Condensation heat transfer coefficients for five horizontal copper deep spirally
corrugated tubes with twisted tape inserts has been experimentally investigated, and a
comparison between ratios Eo for the tubes with and without twisted tape inserts has been
made. The characteristic parameters of the tubes are: e/Di in orders of 0.057, p/e=7.45, 9.50,
8.11, 6.77, 10.95; H/Di=7.7, 5.8, 4.7. Significantly higher outside heat transfer coefficients
than those of the smooth tube under the same operating conditions have been observed.

Keywords: Condensation, Deeply corrugated tube, Twisted tape insert
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3.1.9 Ilenuen IlI., U3cnenBaHe XapaKTepHUCTHKHTE TEepPMONOMIIEHA CHCTeMa ,,BojAa —
Boaa“, Science & Technologies, Volume XI11, 2023, Number 2: Technical Studies, pp:
34-38

H3ciaenBane XAPAKTEePUCTUKUTE TCPMOIIOMIIEHA CUCTEMaA ,,BOdA —BO)Ia“,

TepmonomriaTa Boja-Bojia, YepIiv TOIUTMHHA SHEPTHS OT MOAMOYBEHUTE BOJU C MTOMOIITA Ha
nBa kimagenena. Crex ToBa IMOJlydyeHaTa TOIUIMHHA EHEPTUsi MOXE Ja ce HM3I0J3Ba 3a
OTOIUICHHE WJIH TOIUIAa Boja. TepMormoMnuTe BOo/Ia-Bo/ia ca Hali-e()eKTUBHUTE TEPMOIIOMITH 32
ororuieHre. JloKaro TEPMOTOMITUTE C BB3AYIICH HM3TOYHHK HW3TETNIAT OKOJHUS BB3IYX C
BEHTHJIATOP, & TEPMOIIOMITUTE ChC 3€MEH M3TOYHUK H3IOJI3BAT TeoTepMaliHa SHEPrus 4pe3
COHIQXU WM TMOBBPXHOCTHH KOJIGKTOPH, TEPMOIIOMIIMTE BOJA-BOJA IOJI3BAT IOA3EMHHU
pe3epBoapu 3a TMOANOYBEHW BOJAM 3a W3BIMYAHE HA TOIUIMHA. [lOAMOYBEHUTE BOIM,
HaMHpaIly ce Ha qbJi0ounHa 20 1 oBeYe METpa, ca ¢ OTHOCUTEIHO MOCTOSIHHA TeMIIEpaTypa,
Bapupamia B rpanunure 10-13°C u npomensiu temneparypara cd ¢ g0 1°C nsro/3uma B
3aBHCHMOCT OT THIIA U CTPYKTYypaTa Ha MOYBEHUTE cioeBe. Ta3u OIaronpusiTHa Bh3MOKHOCT
€ JIoBela 0 pa3paboTBaHe HA TEXHUYECKH PEIICHUS, C TOMOIITA Ha KOUTO C€ MOCTUTA TOOBP
0aJyaHC 10 OTHOIICHHE ONTHMAIHO M3IOJ3BaHE HA €JIEKTpUYECcKaTa CHEPrus 3a OTOIIMTEITHN
HYXIH

Investigation of the characteristics of the ""water-water' heat pump system

The water-to-water heat pump draws heat energy from the groundwater with the help of two
wells. The resulting thermal energy can then be used for heating or warm water. Water-to-
water heat pumps are the most efficient heat pumps for heating. While Air source heat pumps
draw in ambient air with a fan, and heat pumps with a ground source use geothermal energy
through boreholes or surface collectors, water-to-water heat pumps use underground
reservoirs for groundwater for heat extraction. Groundwater, located at a depth of 20 meters
and more, has a relative constant temperature, varying in the range of 10-130C and changing
its temperature by up to 1 °C summer/winter depending on the type and structure of the soil
layers. This auspicious one possibility has led to the development of technical solutions with
the help of which it is achieved good balance regarding optimal use of electrical energy for
heating needs.
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