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1. XapakTepucTuKkH 32 e)eKTUBHOCT HA IBHJOOKO roppupaHu TpbOHU C BJOKKH OT YCyKaHAa
JIEHTA

2.1.1. XapakTepucTUKHU 32 e)eKTUBHOCT HA IbJ00KO roppupaHu TPHOHU C BJIOKKH OT
yCYKaHa JIeHTa

Pe3tome - CkopolIHO MpoydYBaHE HA XApaKTEPUCTUKHUTE 3a €(EKTHBHOCT HA HSIKOU MacCHUBHU
TEXHUKH 32 MHTECH3U(PUKAIIUS HA TOIUIOOOMEHA pa3KpH, Y€ KOMOMHAIUATA OT ToppUpaHu TPHOU
C BJIOKKM OT yCyKaHa JIEHTa € MHOTO aTpaKTHBHA TEXHUKA 3a MHTEH3U(UKAIUA 32 eAHO(Da3HO
Typ6yJIeHTHO TeueHUe. ToBa Baxku 3a Auamna3doHa Ha CbOTHOUICHUA BUCOYMHA KBM IUAMCETHP
e/ D;>0.04 n ManKu OTHOCHTENHHU CTBIIKM Ha yCyKaHaTa jieHTa, H / D,. Cratusra npencrass
MOCIIEAHUTE PE3YNTaTH OT EKCIEPUMEHTAIHO H3Cle/lBaHe Ha KOehUIMEHTUTE HAa TPHEHE U
Koe(ULMEeHTUTe Ha TOIUIONpeaaBaHe (BbTpEe C BoAa Karo pabOTHA TEYHOCT U OTBBH C
KOHJICH3UpAIlla MMapa) Ha OCeM EIHOKPATHH, CHHUPATHO TOQpHpaHU TPHOM C TEOMETPUYHH
napametpu: 0.053<e/ D, <0.089 u cbOTHOLIEHNE HA CTHIIKA KbM BUCOYMHA HA TypOy/In3aTopa

6.8< p/e<11.0, xomOuHUpaHO ¢ ycykaHu jneHtH ¢ H /D, =4.7,5.7 u 7.6, B nuana3oHa Ha

croliHOoCcTH Ha Peiinommc, 3.5 x10° < Re < 5.0x10%. VBennuaBaHeTo Ha BHLHIIHKS KoeuIreHT
Ha TorulonpenaBaHe E, ce mpeicTtaBs Karo (QYHKIHMS OT T€OMETPUYHU TIapaMeTpu Ha
nBI00OYMHATA HA rodpupaHaTa TprOa upe3 unciaoro Ha Weber, We, u oTHOCHTETHATa CThITKA Ha
ycykaHata neHta H / D;. O0cbxkaa ce 1 epeKThT Ha 4nuciioto Ha PeitHonac Bepxy Ej.

2.1.1. Performance Characteristics of Deep Corrugated Tubes with Twisted-Tape Inserts

Abstract - Recent investigation of the performance characteristics of some passive compound
heat transfer enhancement techniques revealed that the combination of corrugated tubes with
twisted-tape inserts seems to be a very attractive enhancement technique for single-phase
turbulent flow. This holds in the range of height-to-diameter ratios e/ D, >0.04 and small

relative pitches of the twisted tape, H /D,. This paper presents the latest results of an

experimental investigation of the friction factors and heat transfer coefficients (inside with water
as working fluid and outside with condensing steam) of eight single-start, spirally corrugated
tubes with geometrical parameters: 0.053<e/D,<0.089 and ridge pitch-toheight ratio

6.8< p/e<11.0 combined with twisted tapes with H /D, =4.7, 5.7, and 7.6, in the range of
Reynolds number, 3.5x10° < Re <5.0x10*. The increase of outside heat transfer coefficient Ey

is presented as a function of geometrical parameters of the depth of the corrugated tube through
the Weber number, We, and the relative pitch of the twisted tape H / D,. The effect of Reynolds

number on Ej is discussed.




2. OueHka 32 e(peKTHBHOCTTA HA KAHAJIM € HEKPBIJIa ¢popMa, NPU JJAMUHAPEH HANIBJIHO
Pa3BHUT NMOTOK, MOAJI0KEHH HA PA3JINYHH IPAHMYHHU ChCTOSTHUSA

2.1.2. Onenka 3a eeKTUBHOCT HA KAHAJIM ¢ HEKPBIVIa (popMa NPHU JAMHHAPEH HAMBJIHO
Pa3BHUT MOTOK U NMOCTOSIHHA TeMIIepaTypa Ha CTeHaTa

2.2.3. Ouenka 3a e)eKTHBHOCT HA KAHAJH C HEKpPbIJIa (popMa NPH JAMHHAPEH HANBJIHO
Pa3BHUT NOTOK

2.24. Onenka 3a e(eKTHBHOCT HA JIAMMHAPEH HANBJIHO Pa3BUT NOTOK B KaHAJIH C
HEeKpbIJa opmMa, NOA10KeHH HA TPaHN4YHO cbeTosiHue H1. Yacr 1

2.2.5. OneHka 3a eeKTHMBHOCT HA JIAMHMHAPEH HANBJIHO Pa3BUT MOTOK B KaHAJIH C
HeKpbIJa popMa, NOAI0KeHH HA TpaHnYHO cbeTosinue H1. Yacr 2

2.2.6. Onenka 3a eeKTUBHOCT HA KAaHAJIM ¢ HEKPbIVIa (popMa NPHU JaAMHHAPEH HAMBJIHO
Pa3BHUT NOTOK, NOAJI10keHH Ha T rpaHNYHO ChCTOsIHMeE.

2.27. Onenka 3a e(eKTHBHOCT HA JIAMMHAPEH HANbJIHO Pa3BUT NMOTOK B KaHAJIH C
TPanenoOBHAHA U 1IECTObI'bJHA (OpMa, NOAJI0KEHH HA rTPaHN4YHO cbeTosiHne T. Yacr 1
3.1.1. Onenka 3a epeKTHBHOCT HA JIAMHHAPEH HAITBJIHO Pa3BUT MOTOK Npe3 TPanenoBUAHH
U HIeCTObI'bJIHU KAaHAJM, OJI0KeHH Ha rpaHu4HO cbeTosinue H1. Yacr 1

3.1.2. Onenka Ha e(eKTHBHOCT HAa JAMHHApeH HANbJHO PpPa3BUT MOTOK Ipe3
TpaneuoBUJAHU U IIECTObI'bJIHN KAaHAJH, NOJI0KEeHH HA TPaHU4HO cheTossHue H1. Yacr 2

Pe3iome - HampaBeHa e orieHKa Ha €(peKTMBHOCTTA Ha TOIUIOOOMEHHHMIIM ¢ pa3iaudHa Gopma Ha
KaHaIUTe MpH eAHO(pa3eH HAIBJIHO PAa3BUT JIAMUHAPEH IOTOK, W3MOI3BAlKM  pa3lIUpEHU
KPUTEpUHM 3a OLIEHKA. AHAIM3UpaHU ca TPBOHM CHOINOBE C IPaBOBI'BIIHA, KBaJpaTHa,
PaBHOOEIPEHO TPUBIBIIHA, €IUNTHYHA, TPANELlOBUAHA M IIECTOBI'BJIHA (hOpMa Ha KaHAJIMTE.
Karo eranon 3a cpaBHEHHE € M3MOJ3BaH TOIJIOOOMEHHHMKBT C KPbIVIM TphOH. M3mons3BaHu ca
JIB€ TEPMUUYHU I'PAHUYHU CBHCTOSHUSA, IOCTOSHHA TeMIeparypa Ha creHara (T), B cratuu [2.2.3.,
2.2.6., 2.2.7., 2.1.2.] ¥ NOCTOSIHEH TOIUIMHEH INOTOK Ha €IMHHLA IBJDKMHA IIPU paBHOMEpPHA
Temreparypa no nepudepusaTa Ha KaHala B AaaeHO akcuanHo ceuenue (H1), B cratum [2.2.4.,
2.2.5., 3.1.1., 3.1.2.]. EbexktuBHOCTTa Ha TOIUIOOOMEHHUIIM C HEKPBIJIM TPHOU Ca OLICHEHH U
CPaBHEHM C Ta3M Ha €TAJIOHHMS TOIUIOOOMEHHHMK 33 PA3JIMYHU 3aJI0KEHU LIE€IM U OIpaHUYEHMS.
Karo o0uio orpanudeHue e AeUHUpAHO €HAKBa IUIOL] HA HAIpPEYHOTO CEYCHHME Ha KaHaja
[2.2.3.,2.2.4.,2.2.5., 2.2.7.] unu enHaKbB XUApaBIHYCH auameTsp [2.2.6., 2.1.2., 3.1.1., 3.1.2.].
Pesynrature OT TOBa MpOyYBaHE SICHO IOKa3BaT, Y€ B HAKOM CIIy4yad TOIMJIOOOMEHHMIIUTE C
HEKPBIVIM KaHAJIM MOTaT Ja c€ KOHKYpHUpAT C €TaJOHHUS TOIUNIOOOMEHHHUK, KaTo M300pbT Ha
ontuManHata (opMa CHIHO 3aBUCH OT T€OMETPUYHHTE U TEPMOXHIPABIUYHUTE HAJIOKCHH
OTrpaHMUYEHUs U IMpeciaeaBaHuTe 1enu. OTHOBO c€ MOTBBPAM BaKHOCTTA OT M3IOJI3BAaHETO HA
paslIMpeHd KpUTEPUU 3a OIEHKAa Ha MOJ3UTe M M300p Ha ONTHUMAalHATa KOHCTPYKIHUS Ha
TOoII000MeHHMKa. V3mon3BaHeTo Ha oOL KpUTEpUM, CBBP3BAlll €IHOBPEMEHHO JBE 1€,
M03BOJISIBA J]a C€ M30ErHaT NPOTUBOPEUMBU pE3YyNTATH, KOMTO MOraT jJa ce IoJlydaT, aKo
Kputepuurte, Oazupanu Ha [IbpBug win Bropus 3akoH Ha TepMOAMHAMMKaTa, ce IpuiaraTt
CaMOCTOSITEITHO.




2.1.2. Performance evaluation of ducts with non-circular shapes: Laminar fully developed
flow and constant wall temperature

2.2.3. Performance Evaluation of Ducts with Non-Circular Shapes and Laminar Fully
Developed Flow

2.2.4. Performance Evaluation of Laminar Fully Developed Flow through Ducts with Non-
Circular Shapes subjected to H1 Boundary Condition. Part 1

2.2.5. Performance Evaluation of Laminar Fully Developed Flow through Ducts with Non-
Circular Shapes subjected to H1 Boundary Condition. Part 2

2.2.6. Performance Evaluation of Ducts with Non-Circular Shapes: Laminar Fully
Developed Flow Subjected to T Boundary Condition

2.2.7. Performance Evaluation of Laminar Fully Developed Flow Through Ducts with
Trapezoidal and Hexagonal Ducts Subjected to T Boundary Condition. Part 1

3.1.1. Performance Evaluation of Laminar Fully Developed Flow Through Trapezoidal
and Hexagonal Ducts subjected to H1 Boundary Condition. Part 1

3.1.2. Performance Evaluation of Laminar Fully Developed Flow Through Trapezoidal
and Hexagonal Ducts subjected to H1 Boundary Condition. Part 2

Abstract - Extended performance evaluation criteria (EXPEC) have been used to assess the
performance characteristics of single-phase fully developed laminar flow through heat
exchangers with non-circular shape of ducts. An assessment has been made of the tube bundles
with rectangular, square, triangular isosceles, elliptical, trapezoidal, and hexagonal shape of the
channels. The heat exchanger with circular tubes has been used as a reference heat transfer unit.
Two thermal boundary condition has been selected, constant wall temperature, “T” in articles:
[2.2.3.,2.2.6.,2.2.7.,2.1.2.] and constant heat flow per unit axial length and uniform temperature
along the periphery of the duct at a given axial location, “H1” in articles: 2.2.6., 2.1.2., 3.1.1.,
3.1.2.]. The performance characteristics of the heat exchangers with non-circular tubes have
been evaluated and compared to those of the reference unit for different objectives and
constraints imposed. As a common constraint, the cross sectional area of the duct [2.2.3., 2.2.4.,
2.2.5., 2.2.7.], or the same hydraulic diameter [2.2.6., 2.1.2., 3.1.1., 3.1.2.] has been specified.
The results from this study clearly show that the non-circular shape of duct configuration in
some cases can compete, with the reference heat transfer unit, and the selection of the optimal
shape of the duct strongly depends on the geometric and thermal-hydraulic constraints imposed
and the objectives pursued. The importance of using extended criteria for evaluating the benefits
and selecting the optimum design of the heat exchanger was reaffirmed. The use of a general
criterion connecting two objectives simultaneously permits to avoid the contradictory results that
can be obtained if criteria based on first or second law analysis are implemented alone.




3. Ilos3u OT H3MOJ3BAHETO HA HHTEH3M(PUIHUPAHH TOIUIOOOMEHHM MOBbBPXHOCTH NPH
KOHCTPYMPAHeTO Ha TOII000MeHHH amapatu. KpuTuyeH mnpersien Ha KpuTepuu 3a
eeKTUBHOCT

2.1.3. ITos3u OT M3MOJI3BAHETO HA MHTEH3M(PHUMPAHHU TONMI000MEHHH NMOBBPXHOCTH NPH
KOHCTPYMPAaHeTO Ha TOmJI000MeHHHM amnapatu. KpuTuueH mperyieq Ha KpuTepuM 3a
eeKTUBHOCT

Pestome - Crarusita mnpencraBs KpUTHYEH IIperiell Ha KPUTEPUUTE 3a OICHKAa Ha
e(eKTUBHOCTTA, M3MOI3BAHM OT MHOTO H3CJEJOBATelIM INPH OIEHKAa Ha JOCTOMHCTBaTa Ha
TEXHHUTE TMOBBPXHOCTH M BJIOXKKH, pa3pabdOTEeHH 3a MOAOOpsiBaHE HA TOIUIONPENABAHETO, Hai-
BeYe Npu enHoda3eH MOTOK. B MHOro ciaydyam ouneHkata 3a e(EKTUBHOCT € TBBpIE
ONTUMHUCTUYHA, HAJIICHEHA M HEepealucTH4Ha. PeanHara oneHKa Ha e(pEKTUBHOCT MOXKE Ia
paskpue, 4e HSIKOM OT IyOJMKYBAaHWTE MPOYYBAHHWSA HAa HOBHTE TEXHUKU 3a MOBHUIIABaHE Ha
TOIIONIPEHOCa He ca e()eKTUBHU WM MMaT He3HauuTedeH edekT. OueHkara 3a e(eKTUBHOCT C
MO-PEATMCTUYHN KPUTEPUHU € JEeMOHCTPUpPAHa Ype3 M3MOI3BAHETO HA HOBU EKCHEPHUMEHTATHU
JaHHY 332 KOe(QHIIMEHTH Ha TOIUIONpeaBaHe W KOC(UIMEHTH Ha TPHEHE 3a MPEXOAEH MOTOK B
TJIaJIKN TPBOH C BIIOYKKA OT BUHTOBA MPYKUHA.

2.1.3. Benefits from the Use of Enhanced Heat Transfer Surfaces in Heat Exchanger
Design: A Critical Review of Performance Evaluation

Abstract — The paper presents a critical review of the performance evaluation criteria used by
many researchers in evaluating the merits of their surfaces and inserts developed to enhance heat
transfer, particularly in single-phase flow. In many cases, the evaluation of the merits is too
optimistic, overestimated, and nonrealistic. The real performance evaluation may reveal that
some of the published studies of new heat transfer enhancement techniques are not effective or
have a negligible effect. The assessment of the merits with more realistic performance evaluation
criteria has been demonstrated by the use of new experimental data of heat transfer coefficients
and friction factors for transition flow in smooth pipes with a wire-coil insert.




4. IlpuoxeHHe HA BEKTOPEH AHAJIN3 HA Pa3MEPHOCTHTE NMPH 3aBbPTAHN MOTOLUM 32 HUCKHU
ynciia Ha PeiiHOJIIC B KPBIJVIM TPBHOU € BJIOKKH OT YCYKAHU JIEHTH

2.2.1. Tlpnjio:keHue HA BEKTOPEH aHAJIM3 HA Pa3MEepPHOCTHTE NMPH 3aBBPTAHU MOTOLM 32
HHUCKH 4mcja Ha PeiiHoa/ic B KPbIJIM TPHOU ¢ BJIOXKKHU OT ycykaHu JieHTH. Kopenamum 3a
NaJl HA HAJISITAHETO

Pe3rome — BekTopeH aHanu3 Ha pa3MepHOCTHUTE, B ChUETAHHME C aHAJIM3 Ha Mamaoure, e
M3IOJI3BaH 3a MOJIy4YaBaHE HAa CTPOrO aHAJIUTHYHO Pa3BUTHE HA KOpENALMHUTE, ONMCBALLMY Naaa
Ha HaJIsiraHe Ha BBbPTEIMB MOTOK, MIPU HUCKU 4Mcia Ha PeliHonac B Kpbria Tpbba cbCc ycykaHa
nenta. To3u aHanu3 JEMOHCTpUpa HOB TOTJIE[ 3a pa3OupaHe Ha SBICHMETO W pa3KpuBa
CbOTBETHUTE HE3aBUCHUMHU O€3pa3MEepHH IapaMeTpH, KOWUTO WIPasAT ChILIECTBEHAa pOJs B
PEIIEHUETO.

BbBexaanero Ha KoMILIEKC Re,/+/y , XapakTepusupall 3aBbPTAHHUS IIOTOK € JOKa3aHO C

MOMOINTa HA TO3M pa3lIMpPEH aHalIu3 Ha pa3MepHOCTUTE. BanuaHocTTa Ha aHaiu3a €
JEMOHCTpHUpaHa OT OTIMYHOTO CHOTBETCTBUE MEXAY rojiiM Ha0Op OT 0aza eKCHepUMEHTATHU

JaHHU 3a U30TCPMHUYHU KOG(bHHHCHTH Ha TPUCHC U OHNPCACIICHUTC KOpCIalun 3a 7'[: —ﬂ's 3a

IIPEXO/JIEH U HAIIBJIIHO Pa3BUT PEXKUM Ha BbPTEIIUB IIOTOK.

IIpr BexkTOpHUS aHaNM3 Ha Pa3MEPHOCTHUTE, KJIaCUYECKUTEe uuciaa f,,, Re,, U TIAXHOTO

npousseneHne  ( f Re)sw He ca Oe3pasMepHH IapaMeTpd M CIIEJOBAaTEJIHO HE MIpasAT
CaMOCTOATENIHA POJIA Ha KPUTEPHH Ha 1mojodue B pemenusTa. Ciie10BaTeTHO KOMOMHALMATA OT
fa ¥ Re, euskycTBeHa.

OcBeH TOBa, BEKTOPHUAT aHAIU3 HAa PAa3MEPHOCTUTE IMPEJCTaBsl XapakTepHUS Maja Ha
HaJIITaHe KaTo Pa3JInYeH, TSACHO CBBP3aH ¢ mpolbiieMa Oe3pasmepeH mapamersp. Kopenammure

T, — 5 OCHTYpSBAT MHOTO HAJEKIEH MHCTPYMEHT 32 MPOEKTUPAHE, ONITUMU3HUPAHE M OLEHKA

Ha XUAPOAUHAMUYHHUTC XapaKTCPUCTUKU HA Tp’b6HI/ITe TOHHOOGMGHHI/II_II/I, B KOUTO CE€ U3IIOJ3BAT
YCYKaHU JICHTH 332 HHTeH3U(UIIIpaHEe HA TOTUTIOOOMEHa.

2.2.1. Application of Discriminated Dimensional Analysis to Low Reynolds Number Swirl
Flows in circular Tubes with rwisted-Tape Inserts. Pressure Drop Correlations

Abstract — Discriminated dimensional analysis combined with the scale analysis has been
implemented to obtain a strong analytical derivation of the correlations describing the pressure
drop for low Reynolds number swirl flow in circular tube with twisted-tape insert. This analysis
demonstrates a new insight on the phenomenon and reveals the relevant dimensionless
parameters that play an independent role in the solution. The scaling by swirl parameter
Re  / \/; , proposed previously, has been proved using discriminated dimensional analysis. The
validity of the analysis is demonstrated by the excellent agreement between a large experimental
data set for isothermal friction factors and the predictions of the 7} — 7, correlations for swirl
transition and fully developed swirl-flow regimes. In discriminated dimensional analysis, the
and their product (f Re) are not relevant dimensionless

sw

classical numbers f,, , Re

sw?
parameters, and, consequently, they do not play an independent role in the solutions. Hence, the
combination of f,, and Re, is artificial. Furthermore, discriminated dimensional analysis

provides the characteristic pressure drop to make it a "discriminated" relevant dimensionless
parameter. The 7z, — 75, correlations provides a very reliable predictive tool for designing,

optimizing, and estimating off-design hydrodynamic performance of tubular heat exchangers in
which twisted tapes are employed to promote heat transfer enhancement.




5. Anaim3 no Bropus 3aKoH Ha TEPMOTMHAMHUKATA HA HANNBJIHO PA3BUTH NMOTOH B KAHAJIH
¢ pazianyHa ¢popMa HA HATIPEYHOTO ceYeHue

2.2.2. AHaau3 no Bropusi 3aKoH HAa TePMOAUHAMMKATA HA HANBJIHO PA3BUTH NMOTOIH B
KaHAJHU ¢ pa3jnyHa (popMa Ha HATIPEYHOTO CeYeHue

Pesrome — MeronsT 3a MuHMMH3UpaHe Ha reHepupanara eHtponus (EGM) ce usnonssa 3a
ONTUMH3UpPaHE Ha elHO(]a3eH, HAITBIHO Pa3BUT MOTOK Mpe3 KaHAJI ¢ pAaBHOMEPEH M MOCTOSHEH
TOIUIMHEH NMOTOK. Ilnomra Ha HanpeYyHOTO ceueHNne U ABJDKMHATA HAa KaHalla, KaKTo U KpaiHaTa
TEeMIepaTypHa pa3jihKa ca ONTHUMHU3UPAaHU 3a (UKCUPAHM MACOB M TOIUIMHEH IOTOK, INPH
JIOITyCKaHE Ha PAaBHOMEPEH U MOCTOSIHEH TOIUIMHEH IOTOK M IOCTOSHHM CBOMCTBa Ha Quiynia.
HaoxeHo € NOIBJIHUTENTHO HOBO OTrpaHMYeHue 3a (pukcupaH oOeM Ha kaHana. [Ipu xaHamu c
ornpejesneHa (popMa Ha HapPEeyHO CEUYEHHUE U JIAMUHAPHO TeUEHHE, Tph0aTa C KPBIJIO HANPEUHO
CeueHHe MMa MMHHMMAJIHA ONTUMAJIHA IUIOL] M TeHepupa MUHUMAIHA eHTponus. 3a TypOyJeHTeH
NOTOK obOade TppOaTa C HANpeyHO ceyeHue Ha enurnca 16 reHepupa MUHHUMAaIHA CTOMHOCT Ha
SHTpOIus. 3a KaHaJM C ONpelesieH MEpUMEThp, TphOa C KPBIJIO HAPEYHO CEeueHHEe HMa
MUHUMaJHa ONTHUMaJlHa TEMIEpaTypHa pas3jiKa M TeHepHupa MHUHMMalHAa CTOWHOCT Ha
EHTPONUATA.

2.2.2. Second Law Analysis of Fully Developed Internal Flows with Different Shape of the
Cross-Section

Abstract — Entropy generation minimization (EGM) method is used to optimized a single-phase,
fully developed flow through a duct with uniform and constant heat flux. The duct’s cross
sectional area and length, also the final temperature difference are optimized for fixed mass and
total heat transfer flows, and assumption of uniform and constant heat flux, and constant fluid
properties. An additional new constraint of fixed volume of the duct have been imposed. For
ducts with specified cross-sectional shape, for laminar flow the tube with a circular cross-section
has a minimum optimal area, and generates a minimum entropy rate. For turbulent flow,
however, the tube with ellipse 16 cross-section generates minimum entropy rate. For ducts with
a specified perimeter, tube with a circular cross-section has a minimum optimal temperature
difference , and generates a minimum entropy rate.




6. Tony1000MeH M MajJ HA HAJISITAHE NPHU NPEX0JeH MOTOK B IVIAJAKH XOPHU30HTAJTHH TPHOHU

2.2.8. Toni0o00MeH W mag Ha HaJsITaHe NPH NMPexXoJdeH MOTOK B IVIAJAKH XOPH30HTAJIHH
TPBHOU

2.2.9. Tonsi000MeH W MaJA HA HAJSITaHe NMPH MPeXOJdeH MOTOK B IJIAJAKH XOPU30HTAJIHH
TPBOU — peBU3MPAIIO NPOYYBaHe

B TtoBa m3cnenBane [2.2.8.] ca mpoBeneHH EKCIEPHUMEHTH 3a TOIUIOOOMEH W Taj Ha
HaJsiTaHe B MPEeXoJIHaTa 001acT Ha BOJICH MOTOK B TUIaJIKa XOpU3OHTaNHA TphOa. Pasrienanu ca
HAJTMYHU KOpENalliy 3a MPOTHO3UPAHE HAa KOe(PHUIIMEeHTa Ha TOILIONpeaBaHe U KoehHuIIueHTa Ha
TpUEHE, KaTO TSIXHaTa TOYHOCT € OIlCHEHA BB3 OCHOBAa Ha Haj 350 eKCIepUMMEHTAHH JaHHHU.
ExcriepuMeHTHTE ca IPOBEACHHN HAa XOPU30HTAHA TPHOA ¢ BHTPEIIEH AuaMeThp 14 mm, B KOATO
BoJlaTa ce€ HarpsBa. Bapuanmsta Ha yucinata Ha PeiHonac w Ilpanartn € B rpaHuuuTe:

1.2x10° <Re<1.7x10* u 3.5<Pr<10. W3mecHeHnero Ha kpurepuss Ha Grashof e

1.3x10* < Gr <3.3x10°. PesynraTuTe ca CpaBHEHH C KOpenauuu Ha IHuenmHCKH, Ubpumn u
€KCIIEpUMEHTAIHU pe3ynTatu Ha Meliep u OnuBue.

Bropara cratus [2.2.9.] e npepaboTeH U DONMBIHEH BapuaHT Ha mpenxonHara. [Ipeacrass
MoJ0OpeHO pa3BUTHE Ha KOpENalWUTe 3a H3YMCIsIBAHE Ha KOeQHUIMEHTa Ha TpHUEHE H
KOC(UIMEHTHTEe Ha TOIUIONpPEJaBaHe B IpexojHaTa o0JacT 3a BOJEH IOTOK B TJajaKa
XOpHU30HTaNIHA TpBhOa. ExcriepuMeHTuTe ca M3MBJIHEHW OTHOBO MPU MHOTO IO-Majika JBUXKeIla
TEMIIEpaTypHa pa3juKa, OTKOJKOTO B MPEAMIIHOTO u3cienBaHe. ExcriepuMeHTamHUTe
KOpeJaluy 3a MPOrHo3upaHe Ha Koe(UImeHTa Ha TOIUIoNpeaaBane U KoeuuueHTa Ha TPUEHE,
MOJTYYEHU T0-paHo, OsXxa KOpEeTHpaHW Bb3 OCHOBAa Ha HOBU 112 ekcrepuMEHTa IHU JTaHHHU.
ExcnepumMeHTHTE C€ MPOBEXIAT HA TOINIOOOMEHHUK TpbhOa B TpbOHA B KOH(UTyparus Ha
NpOTUBOTOK. Bapuanusara Ha uwuciara Ha PeiiHonac u Ilpanatn e B Auanasona:

1.1x10° < Re<1.2x10* u 3.9<Pr<10.4. Pesynratute ca cpaBHEHHM € KOpelalMUTE Ha
Ubpumii, Tanep u ekcnepuMeHTaTHUTE pe3yaTaTtu Ha OHBHE.

2.2.8. Transitional Heat Transfer and Pressure Drop in Plain Horizontal Tubes
2.2.9. Transitional Heat Transfer and Pressure Drop in Plain Horizontal Tubes — Revised
Study

Abstract — The heat transfer and pressure drop experiments in the transition region for water
flowing in smooth horizontal tube have been carried out in this study [2.2.8.]. The available
correlations for predicting the heat transfer coefficient and friction factor are reviewed and their
accuracy has been evaluated based on over 350 experimental data points. The experiments were
conducted on a 14 mm inner diameter horizontal tube in which the water was heated. The

variation of the Reynolds and Prandtl numbers was in the ranges: 1.2x10° < Re <1.7x10* and

3.5< Pr<10. The variation of the Grashof number was 1.3x10* < Gr <3.3x10°. The results
have been compared with the correlations of Gnielinski, Churchill and experimental results of
Meyer and Olivier.

The second article [2.2.9.] is a revised and expanded version of the previous one. It presents
an advanced development of the correlations for calculating the friction factor and heat transfer
coefficients in the transition region for water flowing in smooth horizontal tube. The
experiments have been fulfilled again at much smaller driving temperature difference than in the
earlier study. The experimental correlations for predicting the heat transfer coefficient and
friction factor obtained earlier have been adjusted based on 112 new experimental data points.
The experiments were conducted with a tube-in-tube heat exchanger in a counter flow
configuration. The variation of the Reynolds and Prandtl numbers was in the ranges:

1.1x10° < Re <1.2x10* and 3.9< Pr<10.4. The results have been compared with the
correlations of Churchill, Taler and experimental results of Olivier.




7. Ouenka 3a epeKTUBHOCT HA TYPOYJIEHTHM MOTOLUM B KAHAJIM ¢ IbBO00pPa3Ha CTPYKTypa

2.2.10. Ouenka 3a edeKTHBHOCT Ha TYpOYJEHTHH MNOTOUM B KaHAJIM C AbBoOOpa3Ha
cTpykrypa. Yacr 1: T-o0pa3Hu paskjioHeHust

2.2.11. Onenka 3a edeKTHBHOCT Ha TYpOYJEeHTHM NOTONM B KAaHAJIM € AbBOOOpa3Ha
cTpykrypa. Yacr 2: Y-06pa3Hu pa3k/jioHeHUs

B ToBa m3cnenBaHe € U3BBPIICHA OLIEHKA 332 €PEKTUBHOCT Ha TYpOYJIEHTEH MOTOK B Be T- 1
Y-o0pa3Hu kaHaimM C JabpBooOpasHa cTpykrypa. llenTta e ma ce mocTurde Hai-goOpata
reoMeTpruuHa KOH(UTypalmuss Ha BCSIKO pAa3KIOHCHHWE 3a MaKCHMajHa TepMOJUHAMHYHA
e(EKTUBHOCT CHITIACHO HATOKCHUTE OTPAaHHUYCHHSI.

3a omeHka Ha e()EKTUBHOCTTA Ha JIBETE IBPBOOOPa3HH CTPYKTYPHU TPU TPUIOKCHUE B
TOIJIOOOMEHHHU arapaTtd, Oemie HM3Moja3BaH O0OOIIeH KPUTEpHi 3a olleHKa. To3u Kpurepui
npecicaBa CAHOBPCMCHHO MABC MLCJIM: MHUHHUMAJHA TCHCPUpPAHA CHTPOIHKA U IMMOCTUTHAT
MaKCHMaJeH TOIUTMHEH MOTOK, 32 Jla C€ OICHM II0J3aTa, KOSATO MOXE Ja C€ MOCTHTHE 4pe3
ONITUMH3UPAHE HA CHCTEMa C eIHO(a3eH, HAITbJIHO Pa3BUT TYpPOYJICHTEH MOTOK.

['paHUYHOTO yCIOBHE HAa CTEHATa HA BCEKU KaHAN € (PMKCHPAHO KAaTO MOCTOSHEH TOTUIMHEH
MOTOK Ha €AMHUIIA TBJDKHHA.

2.2.10. Performance Evaluation of Turbulent Tree-Shaped Flow. Part 1: T-Shaped
Assembles

2.2.11. Performance Evaluation of Turbulent Tree-Shaped Flow. Part 2: Y-Shaped
Assembles

Abstract - Performance evaluation of turbulent flow in two T- and Y-shaped assemblies of ducts
have been performed in this study. The objective is to achieve the best geometric configuration
of each assembly for maximum thermodynamic benefit according to the constrains imposed.

Global performance evaluation criterion has been used to evaluate the effectiveness of the
two tree-shaped designs for heat exchanger application. This criterion pursues two objectives
simultaneously: minimum entropy generated and maximum heat flow achieved, to evaluate the
benefit that can be achieved through the optimization of a simple fully developed turbulent flow
system.

The boundary condition on the duct wall was fixed as heat flow per unit length. The flow is
assumed turbulent fully developed.




8. EQekTHBHOCT HA IVIOCKH CTBHYEBH KOJICKTOPH

3.1.3. E¢eKTHBHOCT Ha NPOTOYCH IJIOCHK CJbHYEB KOJEKTOP ¢ OpedpeHH TPHOU
3.1.4. EQekTHBHOCT Ha MJIOCHK CIbHYEB KOJEKTOP ¢ OpedpeHH TOIIMHHHA TPHOU

3.1.5. EpekTHBHOCT HA BAKYYMHO-TPBb0EH CJIbHYEB KOJEKTOP

Pe3rome - B Te3u Tpu craTum ca mM3cieiBaHM MOMEHTHHMTE U MHTETPAIHM XapaKTEPUCTUKU Ha
MPOTOYEH IUIOCHK CI'BHUYEB KOJEKTOp ¢ opedpeHu TpbOu [3.1.3.], MIOCHK CIBHUEB KOJIEKTOP C
opeOpeHr TOIMUHHU TpbOH [3.1.4.] U CIIbHYEB KOJEKTOP C BAaKyyMHH-TOIUIMHHU TpboH [3.1.5.].
[IpencraBenu ca U3MEHEHUATAa HA MOMEHTAJIHATa €(DEKTUBHOCT Ha CIIbHYEBHUS KOJIEKTOP CHPSMO
CI'bHUEBUS TOIJIMHEH MOTOK M TeMIlepaTypaTa Ha MEXJAWHHUS TOIUIOHOCUTEN 332 THEBHO YacOBO
pasnpezneneHue. M3cnenBaHo € ChIIO M BIMSHUETO Ha LIMpPUHATAa Ha peOpOTO, CTEMEHTa Ha
3aIl'bJIBaHE HA TOIUIMHHATA TPHOA U BUJIa HA CTHKJIEHOTO ITOKPUTHE HA KOJIEKTOPUTE.

3.1.3. Efficiency of Flowing Flat Solar Collector with Finned Tubes
3.1.4. Efficiency of Flat Solar Collector with Finned Heat Pipes

3.1.5. Efficiency of Vacuum Tube Solar Collector

Abstract - The instant and integral characteristics of flowing flat solar collector with finned
tubes [3.1.3.], flat solar collector with finned heat pipes [3.1.4.] and solar collector with vacuum-
heat pipes [3.1.5.] have been investigated in this three papers. The variation of instant efficiency
of solar collector with solar heat flux and temperature of the intermediate coolant during the day
hours have been presented. The influence of the fin width, degree of filling in of the heat pipe
and the kind of the glass cover has been investigated.




9. Onenka 3a e)eKTHBHOCT HA BUHTOBH NPYKUHHU U YCYKAHH JICHTOBH BJIOKKH B KPbIVIH
TPBOU NpH TYPOyJIEHTEH MOTOK

3.1.6. Ouenka 3a epeKTHBHOCT NPH M3M0JI3BaHe HA BUHTOBH NPYKHHHHU BJIOKKH B KPbIIU
TPHOU NP TYpOYJIEHTEH MOTOK - KPUTHYEH MperJen

3.1.8. E¢exkTUBHOCT HA pPa3jMYHU CHUPAJIHH JEHTH B KPbIJH TPHOU NpPH TYpPOy/JIeHTEH
MOTOK - KPUTHYEH TperJies

Pe3ome - ColiecTByBaT pa3ivMyHU BUAOBE BJIOXKKH, M3MOJI3BAaHM B TOINIOOOMEHHUTE TPbHOH,
KaTo CIHpPaJTHO-YCYKaHU JICHTH, BUHTOBH NPYKUHH, pedpa/mepku/nperpaau u kpuina. Te3u nse
CTaTUU TPEACTABAT OLEHKA 32 €PEKTUBHOCT HA HAKOM BHHTOBH NpYyxXHHHHU [3.1.6.] U ycykaHu
neHToBH [3.1.8.] BIIOKKHM, M3MOI3BaKM ONPOCTEH KPUTEPHUIl 3a OLEHKA, 3a ONpeieisHE Ha
BBb3MOKHATA €HEpruiiHa mnossa. B mepBara cratvs ca pasriefaHd U OLEHEHU BIIOKKU OT
BUHTOBH NPYXHUHU (KJIACMYECKHM M MOAM(DULUPAHU), C PAa3IU4YHU I'€OMETPUYHHU MapaMeTpH B
muanazonute: e¢/D =0.06—0.12, p/e=1.8—33.0, npu pabotHu Gayuad BB3AyX WIW BOJAA B

oOxBara Re:(0.4—1.2)><105. BbB BTOpaTta cratus ca pasrieJaHd U OLEHEHU BIIOXKKH OT

CIUPATHO-yCYKaHU JIGHTU (KIacHUYeCKd M MOAUGPUIMPAHU), C PA3JIUYHU TE€OMETPUYHU

mapameTpy, ¢ paboTHU dIYHIH BE3IYX WIH Boaa B obxBata Re=(0.2-5.0)x10".

3.1.6. Performance Evaluation of Wire Coil Inserts in Turbulent Tube Flow — Critical
Review

3.1.8. Performance of Different Twisted Tape Inserts in Turbulent Tube Flow — Critical
Review

Abstract - There are different kinds of inserts employed in the heat exchanger tubes such as
helical/twisted tapes, coil wires, ribs/fins/baffles, and winglets. This two papers presents
performance evaluation of some wire coil [3.1.6.] and twisted tape [3.1.8.] inserts, using a simple
evaluation criterion to assess the possible energy benefit. Wire coil inserts, classical and
modified, with different geometrical parameters in the ranges: e/D=0.06-0.12,

ple=1.8-33.0, with working fluids as air or water in the range Re=(0.4—1.2)x10° have

been taken into consideration in first paper. Twisted tape inserts, classical and modified, with
different geometrical parameters with working fluids as air or water in the range

Re =(0.2—-5.0)x10* have been taken into consideration in second paper.




10. UaTen3ndpuumupane Ha Ton1000MeHa B efHO(a3eH NpexoeH NOTOK Ype3 NPYKUHHHA
BJIOKKH

3.1.7. UaTren3uduunpane Ha TONJI000MeHa B eqHO(Aa3eH NMPEX0JeH MOTOK Ype3 NPYKMHHU
BJIOKKH

Pe3iome - Hactosimmara craTust mpeactaBs WHTEH3U(UKAIUMSA Ha TOTUIOOOMEHa TpH eaHoda3eH
IIPEXO/IEH MTOTOK, YpPE3 CIUpPAIHA IPY>KMHHA BJIOXKKA, C TEOMETPUYHHU [TapaMETPU OTHOLIEHHE HA
IMaMeThpa Ha MpY)KWHATa KbM BBTPEIIHUS AUaMeTbp Ha TpwOata e/ D =0.063 u oTHOIIEHHE
Ha CThIIKaTa Ha IpYyXHHaTa KbM JMaMeTbpa Ha NpyxkuHata p/e=12.2. V3meHeHuero Ha
KoeHIMEeHTa Ha TpUEHE M KOe(PULIMEHTHUTE Ha TOIUIONpPEIaBaHE Ca IMOJYyYEeHH B TPaHULIUTE:
1100 < Re<10000 u 3.8 < Pr<10 u ca cpaBHEHHU C Te€3H 3a Ihajakara TprOa. Pesynrarure or
npenuuiHo npoyuBane 3a e/ D =0.063 u p/e=7.3 cpuo ca NPEICTABEHH 3a CPABHEHHUE.

3.1.7. Heat Transfer Enhancement in Single-phase Transitional Flow by Wire-coil Inserts

Abstract - This paper presents heat transfer enhancement in single-phase transitional flow by
wire-coil insert with geometrical parameters rib height-to-diameter ratio e/ D =0.063, and rib
pitch-to-height ratio p/e=12.2. The variation of the friction factor and heat transfer
coefficients have been obtained in the ranges 1100< Re<10000 and 3.8< Pr<10, and
compared with those for the smooth pipe. The results of previous study for e/ D =0.063 and
p/e="1.3 are also presented for comparison.

11. UaTen3ndpuumupane Ha Ton1000MeHa B TypOyJ/JICHTEH MOTOK Ype3 NPYKUHHH BJIOKKH

3.2.1. UnTen3upuuupane Ha TOII000MeHA B TPHOH Ype3 NPYKUHHH BJIOKKHU

Pesrome — TexHonoruure 3a TOIUIONPEHOC OCHUTYpsABAaT peaula I[PEUMYLIECTBA IIPH
MNPpUIIOKCHUCTO UM TOHHOOGMGHHI/ITG ariaparu. ToBa craBa omc MO-3HAYUTCIHO IIPpU
MPOCKTUPAHETO M PEKOHCTPYKIIMS HA KOXYXOTPBHOHUTE TOTUIOOOMEHHH arapaT, KbJCTO YECTO
¢ Heo0XoauMa JOMBJIHHUTENIHA TOIUIONPEHOCHA MOBBPXHOCT. TpPBOHUTE BJIOXKKH YECTO Ce
U3M0JI3BaT B TakWBa ciiydad. HacTosiiaTa cTaTusi pasriekaa TOIUIMHHATE W XUIPABIUYHUTE
XapakTepucTuku Ha 20 pa3iuYHd TPYKUHHH BIOXKKH C TCOMETPHYHH MapaMeTpu:
e/D,=0.058+0.12u p/e=1.79+33.0 3a TypOyneHTeH norok B oo6xsata Re =8000-120000.

3.2.1. Heat Transfer Enhancement in Tubes through Wire Coil Inserts

Abstract - Heat transfer technology provides many advantages in heat exchanger application. It
becomes even more significant in the retrofit design of shell-and-tube heat exchangers, where
additional heat transfer area is often required. Tube inserts are frequently used in such
applications. This paper discusses thermal and hydraulic performance of 20 different wire-coil
inserts with geometrical parameters e/ D, =0.058+0.12and p/e=1.79+33.0 for turbulent

flow in the range Re =8000-120000.




12. Kpurtepmii 3a mnpeaBapuTe/JHA OIleHKA HAa TEeXHHMKH 32 HHTeH3upUKAUMs Ha
TONJIOOOMEHA MPHU TeYeHUe HA JIAMUHAPEH MOTOK B TPHOH M KaHAJIHN

3.2.2. Kpurepuii 3a mnpeaBapuTe/]Ha OLECHKAa HAa TeXHHUKH 3a HHTeH3MUKanus Ha
TOIJIOO0OMEHA NPHU TeYyeHHe HA JJaMHHAPeH MOTOK B TPBOU U KaHAJIN

Pe3rome - Pa3But e kputepuil 3a mnpeaBapuTeIHa OIEHKAa Ha MoJ3aTa OT MNPHJIAraHeTo Ha
TEXHUKU 32 MHTEH3U(HKAIMS Ha TOILIOOOMEHa MpU JaMUHApHU MOTOLM B TPHOWM M KaHAIU.
Kputepust e uzBeneH ot uaesta Ha YCyu U Ap., ¥ € MPHIOKEH 3a €IHO(PA30B JIAMUHAPEH MOTOK.
[Tone3HocTTa Ha KpUTEPHUS € TTOKa3aHa C HIKOJIKO IpUMepa.

3.2.2. Preliminary Performance Evaluation Criterion of Techniques for Heat Transfer
Enhancement of Laminar Flows in Tubes and Ducts

Abstract - Performance evaluation criterion for preliminary assessment of the benefit of use of
heat transfer enhancement techniques of laminar flows in tubes and ducts has been developed.
The criterion is deduced from the idea of Usui et al., and has been implemented to the sigle-
phase laminar flow. The usefulness of the criterion is demonstrated with several examples.

13. OnutHa ypenda 3a u3cjeIBaHe HA HHTeH3M(UKALMS HA TONJI000MEH NMPH TeyeHHe Ha
e1H0()a30B NOTOK B TPHOU M KAHAJIN

3.2.3. BBb3MOKHOCTHM HAa ONHUTHA Yypenda 3a u3CIeIBAHe HA HHTEH3H(QUKANUS Ha
TOIJI0O00MEH NPHU TeyeHue HAa eH0(a30B MOTOK B TPHOU U KaHAJIN

Pe3tome - IlpencraBeHu ca BB3MOXKHOCTUTE Ha Ch3JaJIeHAa ONMUTHA ypenda 3a M3CiIeaBaHEe Ha
MHTEeH3U(UKaLKATa Ha TOIUIOOOMEHA B TPBOU U KaHAIHM IpU eAHO(DA30B, IAMUHAPEH, MPEXO0IeH
u TypOyieHTeH moTok. OmucaHu ca OCHOBHUTE KOMIIOHEHTH Ha ypeadaTa, amaparypara 3a
u3MepBaHe, ch0upane, o00paboTKa Ha JaHHU M METO/IMKA 32 OINpe/ieTHE Ha KpaHHUTE BEIMYMHH.

3.2.3. Possibilities of Experimental Set-up for Investigation of Heat Transfer Enhancement
of Single-phase Flows in Pipes and Ducts

Abstract - The possibilities of experimental set-up for investigation of heat transfer
enhancement of single-phase, laminar, transitional/intermittent or turbulent flows in pipes and
ducts have been presented. The description includes components of the set-up, instruments for
measuring, data reduction and methods for calculation of the final results.




