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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnukachl ¥ ITTHIK FRUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokonbCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE JICKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus aakachl:

9/IEKEHOB Cepra3pl MbIHkacapyJibl (0ac peaakTOpAbIH OpbIHOACAPHI), XUMUS FHUTBIMIAPBIHBIH
nokropsl, mpodeccop, KP YFA akanemuri, «@utoxumus»y XaabIKapaiblK FAUIBIMA-OHIPICTIK XOIIUHTIHIH
nupexropsl (Kaparannsl, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMIAPBIHBIH
JoKTopbl, podeccop, berapycs YFA akanemuri, KaHa marepuaniap XUMHUsICbl HHCTUTY TBIHBIH KYPMETTi
nupexropsl (Munck, beapycs) H =13

CTPHAJ Mupocaas, npodeccop, Uexust FHUIBIM aKaJeMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHMKa
MHCTHTYTBIHBIH 3epTXaHa MeHrepyici (Onomoyn, Yexus) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUIBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-Dapadu areiHgarsl Ka3Y Y-npiy Oipiamn npopektopsl (Anmarsl, Kazakcran) H =11

XOXMAHH [axymut, Ceren yuuepcuteTiHiH PapmaneBruka (akynsreTiHiH DapMakorHO3us
KadenpachHbIH MeHrepymrici, JKaparbuiblcTaHy FBUIBIMIAPBIHBIH IOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Benrpus) H =38

POCC Camup, PhD pokTopsl, Muccucunu yHUBEpCUTETIHIH OCIMIIK @HIMIEPIH FHUIBIMH 3epTTCY
YITTBIK opTansirel, Papmanust Mektebinin npodeccops! (Oxcdopa, AKII) H =35

XYTOPSTHCKHAW Buramuii, punocodus gokropsr (PhD, dapmariesr), Peaunr yHuBepCHTETIHIH
npodeccops! (Peaunr, Anrmus) H = 40

TEJTAEB Barnat Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
xoppecnionaenT-mymreci, Kasakcran PecmyOmukacst Wugyctpust skoHe WH(PAKYPBUIBIMABIK —JaMy
muHuCTpiiri (Anmarsl, Kazakcran) H =13

DAPYK Acana Jlap, Xamuap ans-Mamxnaa HIsFsic MeviHa KoJulepKiHIH Tpodeccopsl, Xamaap
yauepcuteTiHig Lprpic Mmequimaa akynsreti (Kapaun, [Tokicran) H =21

DA3BIJIOB Cepik JIpaxmMeTyJ1bl, XUMHS FbUIBIMAAPBIHBIH JOKTOPSL, podeccop, KP ¥YFA axanemuri,
OpraHuKaiblK CHHTE3 JKOHE KOMIP XUMUSCHl MHCTUTYTHI JTUPEKTOPBIHBIH FHUIBIMH KYMBICTAp JKOHIHIET
opsrabacaps! (Kaparauasl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XUMHUS FBHUIBIMIAPBIHBIH JOKTOpPBI, Tpodeccop,
Keipreiscran ¥FA akagemuri, KP ¥FA Xumust xoHe XUMUSUIBIK TeXHOJOTHsS HMHCTHTYTHI (Bimkek,
Kpiprezcran) H = 4

XAJIMKOB [Ixxypadaii XaauKoBHY, XUMHUs FBUIBIMIAPBIHBIH JOKTOPBI, npodeccop, Toxikcran FA
axanemuri, B.M. Huxurun areparsr Xumust nHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJINEB Barug Memkuaoribl, XUMUs FEUTBIMIAPBIHBIH TOKTOPEL, Tpodeccop, ¥FA akamgemuri
(Baky, O3ipoaiixan) H= 13

T'APEJIMK Xempa, ¢unocodus noxrops! (PhD, xumms), XanelkapaablK Taza jKoHE KOJAAHOAIBI
XHMMHSI OJJaFbIHBIH XHUMHUS JKoHE KoplIaraH opra OemimMiiH npesunenti (Jlongon, Arrmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, npodeccop, axagemuk HAH PK,
npe3uaeHT HarmonansHol akagemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HCTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarer, Kazaxcran) H =4

Penaxuuonnas xosuierus:

AJIEKEHOB Cepraspsl MbIHKacapoBu4 (3aMECTHTEIb ITTABHOTO PEAAKTOPA), TOKTOP XUMHUYECKHUX
Hayk, podeccop, akagemuk HAH PK, nupektop MexayHapogHOro Hay4HO-IIPON3BOCTBEHHOTO XOJIANHT A
«Duroxumms» (Kaparanna, Kazaxcran) H =11

ATABEKOB B nagumup EHokoBHY (3aMECTHTENb IIABHOTO PENAKTOPa), JOKTOP XUMHYECKHX
Hayk, mpodeccop, akanemuk HAH Benapycu, nouerHsli aupexrop MHCTUTYTa XMMHH HOBBIX MaTepHaoB
(Mumnck, bemapycs) H= 13

CTPHA/l Mupocias, npodeccop, 3aBenyromuii 1abopatopueii HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemickoii akagemun Hayk (Onomoyt, Yexust) H = 66

BYPKUTBAEB Myxam0eTkaan, JOKTOp XMMUYECKHX HayK, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY nmenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyrommii kapenpoit ®apmaxornozun dapmarieBTHyeckoro (akyibrera
VYunsepcurera Cerena, aupexTop MexXIUCIMITIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, nokxrop PhD, npodeccop Ilkomsr dapmanuy HAIMOHAIBLHOTO IEHTPA HAYYHBIX
HCCIIeIOBaHUH PacTUTEIBHBIX MPoxykToB YHuBepcurera Muccucumnu (Oxedopa, CIIA) H =35

XYTOPSIHCKUAWM Burannii, goxrop ¢unocodun (Ph.D, dapmauesr), npodeccop Yaupepcurera
Penunra (Peaunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxanoaiiyibl, JOKTOp TEXHHYECKHX HayK, Tpodeccop, WICH-KOPPECIIOHICHT
HAH PK, Munucrepcto Unnyctpun u nadpactpykrypHoro pa3sutust PecyOnuku Kazaxcran (Anmarsl,
Kazaxcran) H=13

®APYK Acana [lap, mpodeccop komremka Bocrounoit memurmusl Xampmapaa ans-Mamxnna,
¢axynsrer BocTouHoit MenuuuHbl yHuBepeuteTa Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XMMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHcTHTYTa Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=6

KOPOBEKOBA Llapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, npodeccop, akanemuk HAH
Keiprescrana, Macturyt xumun 1 xumudeckort rexuonorun HAH KP (bumkek, Keiprescran) H =4

XAJIMKOB J[I:xypabaii XaJuKOBUY, JOKTOp XHMHYECKUX HayK, mpodeccop, akagemux AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukutuna AH PT (dyman6e, Tamkukucran) H = 6

DAP3A/IMEB Barug Memkua oribl, JOKTOp XHUMHYECKHX Hayk, Ipodeccop, akagemuk HAHA
(baky, Azepoaiimxan) H=13

T'APEJIMK Xempaa, nokrop ¢unocodpuu (Ph.D, xumus), npesunent Otnena XUMUH U OKpY’Karolieit
cpensl MexIyHapoaHOro cor03a YUCTO! M npukiaaHoi xumun (Jlonnon, Anrmus) H =15
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MULTIPHYSICAL MODELING OF A PIPE-IN-PIPE HEAT EXCHANGER
WITH A FLOW INTENSIFIER IN THE FORM OF A TWISTED PROFILED
STRIP

Kenzhebekov Doskhan Mukhitzhanuly — PhD Doctoral student, teacher, Department of Technological
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Iristaev Iskandarbek — master, engineer of the laboratory “Multiphysical modeling of structures, devices
and processes”, M. Auezov South Kazakhstan University, Shymkent, Kazakhstan; iskander 777 111@
mail.ru; ORCID ID: https://orcid.org/0009-0008-3255-4602;

Zholshybek Ayan — PhD Doctoral student, teacher, Department of Technological Machines and Equipment,
M. Auezov South Kazakhstan University, Shymkent, Kazakhstan; ayan-97.zh@mail.ru; ORCID ID: https://
orcid.org/0000-0003-4535-9730;

Dzhanabayev Dauren Zhumagalievich — PhD of Shymkent University, Shymkent, Kazakhstan;
janabaev19@mail.ru; ORCID ID: https://orcid.org/0000-0002-6522-0536.

Abstract: The article discusses the multiphysical modeling of a pipe-in-pipe heat
exchanger using a flow intensifier in the form of a twisted profiled strip. The introduction
presents the results of an analysis of the literature on the presented topic, the method
of multiphysical modeling of the heat exchanger pipe-in-pipe is presented. The results
of numerical researches of heat transfer and friction coefficient un der tw isted flow
conditions using CFD-modelling with the software complex COMSOL multytphisics
6.1 are presented. The data obtained as a result of CFD modeling were compared with the
literature data, the data obtained show that the heat transfer coefficient and the coefficient
of friction increased significantly in a pipe equipped with a flow intensifier in the form
of a twisted profiled strip. The analysis conducted is aimed at evaluating the efficiency
of heat exchange and optimizing the design of the apparatus. The use of a twisted strip
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as a flow intensifier allows to significantly improve heat exchange characteristics by
improving turbulence and reducing temperature gradients. The modelling was carried
out using numerical methods, which allows to take into account the complex interaction
of thermal and hydraulic processes. The results of the research show that optimizing the
size and location of the intensifiers can lead to further improvement of heat exchange
characteristics. The results of the research show that optimizing the size and location of
the intensifiers can lead to further improvement of heat exchange characteristics.

Keywords: CFD modeling, intensification, heat transfer, multiphysical modeling,
heat exchanger, pipe in pipe, flow intensifier, twisted profiled strip.
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AunHoranus. Makanaga Oypanran mnpoduubi Tacma TYPIHIET  aFbIHJBI
KYIIEHTKIIITIH KOMEriMeH «KyObIp imIiHAeri KyObIp» JKbUIy ajJMaCTBIPFBIIITHI
MyNTbTH()U3MUKANBIK MOJENbAeY KapacThlpbuiafbl. Kipicmene yYCHIHBUIFAH TaKbIPbII
OolibIHIIA 9AeOHeTTepAl TalAay HOTHKeNIepl KeATIpUIreH, «KyOblp imiHAeri KyObip»
KBUTY aJIMACTBIPFBIITHl MYJABTU(QHU3UKAIBIK MOJAENbIACY OMICTEMECi YCHIHBIIFAH.
COMSOL multytphisics 6.1 6armapnamansik kemenin, CFD monensaeyni naiganana
OTBIPBIN, OypaiFaH aFblH JKaFJaiblHIA KbUly Oepy cuIartamaiapbl MEH YHKemic
K0(GUIMEHTIH CaHIBIK 3epTrey HoTwkenepi yceiHbUFaH. CFD  MopenbaeyiHeH
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QIBIHFaH MOJIMETTep o/eOU NIepeKTEepPMEH CallbICTBIPBUIIBI, AJbIHFAH MOIIIMETTEp
Kbuty Oepy ko3(hduImMeHTi MeH yikenic kodpduuuenti Oypairan npouiIbIl >KOmaK
TYpiHZAEri arblH KYLWIEWTKINIIMEH >KaOObIKTalFaH KyObIpAa aWTapibIKTal ©CKeHiH
kepceteni. KyprizinreH Tanaay )KblUTy aaMacyIblH THIMIUIITH OaFanayFa KoHe anmapar
KYpPBUTBIMBIH OHTaMIaHIbIpyFa OarbITTaNFaH. bypanraH )KonakThl aFbIHABI KYLISUTKIMI
peTiHae KongaHy TYpOYJIEHTTUIIKTI jKakcapTy »oHE TeMmIleparypa TpalueHTTepiH
a3aiiTy apKpUIbl KBUTy anMacy OHIMIUIIIH alTapibIKTail apTThIpyFa MYMKIHIIK
Oepeni. Mozenbaey KbUTYNIBIK JKOHE THIPABIMKAJBIK MPOLECTEPAiH KeHIeHAl e3apa
OPEKeTTECYiH eCKepyre MYMKIHIIK OEpeTiH CaHJBIK OJICTEepi KOJIJIaHy apKbUIbI
JKY3€ere achIpbUIbl. 3epTTey HOTHKENEpl KYMEHTKIITEepAiH KoJeMi MEH OpHaIacyblH
OHTAMNAHIBIPY KbUTyalMacy CHIATTaMallapblH OaH opi JKaKCcapTy MYMKIiH EKeHiH
KepceTeqi. AJBIHFaH HOTHOKENEp JHEepPreTHKa MEH MYHal-XUMHSHBI Koca ajfaH[a,
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MOTOKa B BHAEC BHUTOW NPOQHUIMPOBAHHOM JIeHTHl. Bo BBeAeHWH NpHUBEICHBI
pe3ysbTaThl aHalIM3a JUTepaTypsl IO TPEICTABICHHOW TEeMaTHKe, IpelcTaBiIeHa
METOIUKa MYNETH()U3NIECKOTO MOJCIMPOBAHUS TEINIOOOMEHHHKA «TpyOa B TpyOe».
[IpencraBneHsl pe3yabTaThl YUCICHHBIX HCCIIEAOBAHNN XapaKTEPUCTHK TEILIONEpeadn
n kod(dduumenTa TpeHUs B YCIOBUSX 3aKPY4YEHHOTO MOTOKa C HCIOJIb30BaHUEM
CFD —mopnenupoBaHusl C HUCHONb30BaHWEM mporpammuHoro kommuiekca COMSOL
multytphisics 6.1. Jlanasle, nomyuennbsie B pesynsrare CFD-monenupoBanusi, Oblin
CBEpEHBI C JIMTEPaTypPHBIMH JaHHBIMH, MOJTyYEHHbIE [aHHbIC [OKA3bIBAIOT, YTO
k03¢ GUIMEHT Termonepenadyn U Kod(QGUIHUEHT TPEHHs 3HAYUTENbHO YBEIHYHIINCDH
B TpyOe, OCHaIIeHHONH MHTEHCH(UKATOPOM MOTOKA B BHJE BUTOH MPO(UIMPOBAHHOM
nenthl. [IpoBenéHHbIi aHanu3 HampapieH Ha OLUEHKY S((GEKTHBHOCTH TEII00OMeHa
W ONTUMM3ALMIO KOHCTPYKUMH amnmapara. IlpumMeHeHHWe BHUTOW JIGHTBI Kak
WHTEHCU(HKATOpa TOTOKA IO3BOJIAET CYIIECTBEHHO IOBBICUTH TETIOOOMEHHBIE
XapaKTePUCTHKH 3a CUET YMy4lleHHs TypOYIEHTHOCTH M YMEHBIICHUs TPaIdcHTOB
TeMImepaTypbl. MoJenupoBaHUe BBIIIOJHEHO C UCIOIB30BAaHUEM YHCICHHBIX METO/IOB,
YTO TIO3BOJISIET Y4YECTh KOMIUIEKCHOE B3aMMOJICHCTBUE TEIUIOBBIX M THAPABIUYECKUX
mporeccoB. Pe3ynbraTsl MCCiIeOBaHUS MMOKA3bIBAIOT, YTO ONTHMHU3ALUS Pa3MEpPOB H
pacmonoXeHus: UHTEHCH()UKATOPOB MOXKET MPUBECTH K JalbHEUIIEMY YITy4IICHHIO
TEMI0O0OMEHHBIX XapakTepucTHK. llomydeHHble AaHHBIE MOTYT OBITH TOJIE3HBI JUIS
MPOEKTHPOBaHUA Oosiee d(PPEKTHBHBIX TEINIOOOMEHHUKOB B DPa3IMYHBIX OTPACIX,
BKJTIOUYAs SHEPTEeTUKY M HEPTEXUMHUIO.

KiroueBsle caoBa: CFD wmopenupoBanue, HHTEHCH(UKALWs, TEIIOOOMEH,
MynbTH(U3NYECKOe MOJETUPOBaHUE, TEINIOOOMEHHBIM amnmapar, Tpyba B Tpyoe,
WHTEHCU(HKATOP MOTOKA, BUTas MPOQUINPOBAHHAS JICHTA.

Introduction.

The heat exchanger is classified according to the transfer process, the amount of
liquids, the degree of surface sealing, the design, the location of the flows, the heat
transfer mechanism. Industrial enterprises assign heat exchangers depending on cost,
high/low pressure limits, thermal characteristics, temperature range, liquid throughput,
degree of purification. Heat exchangers, and especially double-pipe heat exchangers,
play an important role in industrial and engineering applications such as air conditioning
systems, petrochemical industry, power plants, refrigeration equipment, solar water
heaters, The reprocessing industry, chemical and nuclear reactors. Due to this variety
of applications, convective heat transfer in heat exchangers has been investigated in
several studies over the past decades, and various methods of improving heat transfer
have been presented to improve the overall heat transfer efficiency of heat exchangers.
The use of a double pipe with lattice strip inserts (Quadir, et al, 2014), a finned double
pipe (Gao, et al, 2015), a double pipe filled with metal foam (Shirvan, et al, 2016),
and spiral wires in two-tube heat exchangers (Zhang, et al, 2023) are some of these
methods. In addition, the special properties of nanofluids have been the subject of
interest in a number of studies aimed at improving heat transfer for other applications
(Yadav, et al, 2019). Among the previously studied researches of the efficiency of

114



Volume 4, Number 461 (2024)

heat transfer in heat exchangers, the following studies can be mentioned: Singh and
co-authors (Singh, et al, 2020) conducted an experimental study of the efficiency of
heat transfer, coefficient of friction, specific heat capacity and viscosity of a two-tube
heat exchanger with countercurrent motion. They found that the heat transfer of the
working fluid can be enhanced by increasing the Reynolds number or the percentage of
nanomaterials. An experimental research of the effect of intermittent spiral turbulators
on the flow and heat transfer characteristics in a two-tube water-air heat exchanger
was carried out by Sheikholeslami and co-authors (Sheikholeslami, et al, 2016).
The results showed that increasing the coefficient of the open surface and the angle
of inclination reduces the coefficient of friction and the Nusselt number. In addition,
thermal performance improves with an increase in the coefficient of the open surface,
but decreases with an increase in the angle of inclination. Nakhchi et al. (Nakhchi, et al,
2020) conducted a numerical research of a multi-criteria analysis of the design of two-
tube heat exchangers of a new shape (conical). This article analyzes the influence of
hydraulic, geometric and thermodynamic characteristics. Under optimal conditions, the
results showed a 55% increase in efficiency and a 40% improvement in heat transfer. It
should be noted that when choosing in practice one or another method of heat transfer
intensification, it is necessary to take into account not only the efficiency of the surface
itself, but also its versatility for various single-phase and two-phase heat carriers, the
manufacturability of the surface, the manufacturability of the heat exchanger assembly,
strength requirements, surface contamination, operating characteristics, etc. All these
circumstances significantly reduce the possibility of choosing one of the numerous
methods of intensification studied (Syah, et al, 2022; Kassymoyv, et al, 2023).

The rapid development of computer technology and methods for numerically
solving problems of heat transfer and hydrodynamics using multiphysical modeling
programs has led to the fact that in many fields of science and technology, the results of
multiphysical modeling of heat transfer and mass transfer processes become an essential
element (Krutova, et al, 2020).

The study presents the results and conclusions obtained as a result of a study of
the performance and optimization of a two-tube heat exchanger. Numerical modelling
using ANSYS Fluent has successfully predicted the temperature of both hot and cold
liquid outlet (Urvija, et al, 2024).

The results obtained by modeling make it possible not only to correctly comprehend
and understand the physical effects observed on experimental devices, but also in certain
cases to completely replace the natural experiment with computer modeling (Pulin, et
al, 2024).

Currently, CFD packages for calculating heat transfer, mass transfer and
hydrodynamics are widely used for engineering calculations and research. All CFD
packages consist of preprocessors, a solver, and a postprocessor (Mukhametzyanov, et
al, 2017).

As can be seen from the analysis of scientific and technical literature, heat exchangers
with various flow intensifiers are currently of interest from the point of view of the
development of heat exchange equipment, since they have higher efficiency. Thus, the
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multiphysical modeling and study of heat transfer processes in such devices is an actual
task (Tsvetova, 2022; Abiev, 2002).

The purpose of this work is to research the effectiveness of a flow intensifier in the
form of a twisted profiled strip using the COMSOL multitphisics software complex
(Electronic resource Comsol 6.1., 2022).

To achieve this objective, it is necessary to solve the following tasks:

—construction of three-dimensional models of a heat exchanger with a flow intensifier
in the form of a twisted profiled strip;

—numerical modeling of heat transfer in the tube and inter-tube areas of the apparatus
with a flow intensifier in the form of a twisted profiled strip of the “pipes in a pipe” type;

— determination of thermal and hydraulic characteristics;

— evaluation and analysis of the results obtained.

Materials and methods.

For the multiphysical modeling of the pipe-in-pipe heat exchanger, the type of
intensifier in the form of a profiled twisted strip installed inside the flow part of the
pipe with a given pitch is studied; the profiled twisted strip located with a certain pitch
and the flow part of the pipe are shown in Figure 1. The step between the turbulators
in the studied cases was chosen for reasons of ensuring the maximum intensity of heat
transfer according to the recommendations of the work (Jithin, et al, 2020) and is t =
40 mm, and the twist angle of the twisted strip is 360°. The length of the section L in
numerical researches was 150 mm. The heat exchanger operates in parallel flow mode,
i.e. the cooled and heated flow moves in the same direction. In numerical modeling, the
physical constants of water viscosity were equated, respectively, to heating temperatures
in a smoothed tabular reference manner: at 20 °C — 1,002 MPa-s; at 40°C — 0,653
MPa-s; at 60 °C — 0,467 MPa-s; at 100 °C — 0,282 MPa-s. The specific heat capacity
of water was taken at a temperature of 25°C c=4180 J/kg °C.

Figure 1 — 3D model of a “pipe in pipe” heat exchanger with a flow intensifier in the form of a twisted

profiled strip
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When solving any problem, the aim is always to find a solution in some computational
domain. As a rule, the size and shape of the computational domain are naturally
determined by the problem under research. The creation and generation of a grid of
the computational domain is an essential component of every engineering calculation
where software packages based on CFD technology are used. The size of the calculated
model grid directly affects the accuracy of the final results, the speed of calculation and
accuracy (Figure 2).

A

40

-40
100

50

=50

100

Figure 2 — Model grid Mesh of the heat exchanger

Heat transfer was studied during turbulent and laminar water flow with the following
parameters at the entrance to the inner pipe: average temperature Too = 50°C, at the
entrance to the outer pipe: average temperature Too = 19.3°C, pressure Poo = 0.1 MPa,
degree of turbulence Tuoo = 0.1%, velocity profile — turbulent developed and laminar
flow. Boundary conditions of the first kind Tw = const were set. The similarity numbers
were calculated based on the average outgoing liquid velocity wep and the determining
inner diameter of the pipe D. The turbulent Prandtl number for the conditions under
consideration was taken to be 0.9. The Reynolds number in the inner tube was varied
from Re=440 to Re=800, and in the outer tube the Reynolds number varied from
Re=2430 to Re=7300.

The numerical solution of the equations was based on an implicit finite-volume
approach using the Global Definitions pressure correction procedure. The calculated
area was covered with an uneven tetrahedral grid with condensation to the channel
walls. The size of the minimum step of the grid nodes was selected according to the
recommendations (Belov, et al, 2001). The maximum number of cells required to
discretize the computational domain was ~4 million. For all equations of the system,
the convergence criterion of the solution was 10-.

Experimental part. CFD modeling can be used for in-depth analysis of the movements
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of liquids and their interaction with the coils of the profiled strip. This will help to
obtain data on the distribution of velocity, temperature and pressure, as well as identify
potential areas for improvement of the structure. The correct choice of the turbulence
model (identification) and verification (verification) according to known experimental
data were carried out using four models: the standard high-Reynolds k-& model (k-¢
Standard), the Realizable k-¢ model, the k- shear stress transfer model (SST) of Menter
and the Reynolds stress model (RSM). The turbulence model was identified for smooth
pipes and pipes with internal intensifiers with unchanged geometric characteristics and
density of the calculated grid.

The distributions of heat transfer coefficients and hydrodynamic resistance are
selected as criteria for the adequacy of the turbulence model and the correctness of CFD
modeling.

Heat transfer and resistance ina smooth pipe more correctly describe the k- turbulence
models, however, they incorrectly predict changes in the average characteristics of
heat transfer and resistance for pipes with turbulators. The data on heat exchange and
resistance of pipes with turbulators, calculated using the k- SST model, deviate by
32% from the results of experimental researches. The best identification by heat transfer
(Fig. 3 and 5) and resistance (Fig. 4 and 6) is shown by the RSM model of Reynolds
stresses. At the same time, the maximum deviation of the data does not exceed 0.4%
compared to the known dependencies. Figure 3 a and b show the temperature change
of the flows along the length of the apparatus in laminar flow mode in the inner and
outer pipe. The temperature peaks correspond, according to the geometric model of the
device, to precisely such places where the profile strip is twisted and the gap between
the strip and the pipe is minimal.
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Figure 3 — Temperature change of flows along the length of the heat exchanger during laminar flow
movement
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Figure 4 — Flow pressure change along the length of the heat exchanger during laminar flow movement

From Figure 4, it can be concluded that in the outer pipe, in the laminar mode,
the pressure decrease along the length of the apparatus occurs uniformly, when this
phenomenon occurs abruptly in the inner pipe, this is explained by the fact that a profiled
twisted strip is installed in the inner pipe to intensify heat transfer.

A similar pattern can be observed in the turbulent regime in Figures 5 and 6.
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Figure 5 — Flow temperature change along the length of the heat exchanger during turbulent flow

movement

In the turbulent mode, the temperature difference is 1.2°C for the hot stream, 1.1°C
for the cold, and in the laminar mode, such a difference is 6°C and 7°C, respectively.
This is due to the fact that the residence time of the flows in the laminar mode is longer

than in the turbulent mode.
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Line Graph: Pressure (Pa)
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Figure 6 — Flow pressure change along the length of the heat exchanger during turbulent flow movement

Twisted profiled strip increases flow resistance, which can lead to increased inlet
and outlet pressure. This should be taken into account when designing the system. To
calculate the velocity and other flow characteristics, it is necessary to take into account
the hydraulic radius, which varies depending on the design of the heat exchanger.

The coils of the profiled strip increase the contact surface between the liquids and the
walls of the pipes, which improves heat transfer. The turbulent vortices created by the
strip help to reduce the temperature gradient, contributing to a more even distribution
of heat.

Heat exchangers with flow intensifiers in the form of a twisted profiled strip
significantly increase the efficiency of heat transfer due to improved convection and
turbulence. Understanding the movements of liquids and their relationship to heat
transfer is key to optimizing the operation of such systems.

Results and discussion.

Figure 7 shows the effect of loosely fitting perforated twisted strips on flow
characteristics. The results of CFD modeling are presented in the form of spatial
distributions of velocity isolines and their pulsations, temperatures, flow lines and
particle trajectories in the central mutually perpendicular sections of the pipes XOY
and XOZ.

For pipes with turbulators (Fig. 7), an area of circulating flow is observed, formed
as a result of the separation of a viscous layer from the surface of the turbulator, as it
moves forward along the flow, the gradually detached boundary layer bends towards the
pipe wall and then joins it in the region x~ 20 mm. The boundary layer developing from
the point of attachment flows onto the turbulator in front of which another separation
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region is formed, which leads to a local increase in velocity and causes an increase in
pulsations monotonously increasing downstream.

A local increase in velocity (Fig. 7a) contributes to an increase in pulsations and
leads to an increase in the intensity of heat transfer in general. The flow gradually warms
up near the wall (Fig. 7b). In this case, the flow disturbances near the wall behind the
obstacle reach 1%, and the flow core remains undisturbed (Fig. 7b).
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Figure 7 — Change in flow velocity along the length of the heat exchanger during laminar (a) and turbulent

(b) flow movements
The swirling flow moves along the axis of the pipe, and the intensification of heat

transfer in this case occurs due to the swirling of the flow.
The flow pattern in the pipe is shown in Fig. 7b, a diagram of current lines in the
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circulation area and their further propagation in the plane of the XOZ pipe is also
illustrated here.

The dependence of the coefficient of friction on the Reynolds number for various
twisting coefficients and hole diameters is shown in Figure 8. A pipe fitted with
loosely fitting perforated twisted strips resulted in a higher coefficient of friction than
a conventional pipe. This is due to the disturbance of the fluid flow, a larger contact
surface area with a longer flow path, and the dispersion of the dynamic pressure of the
working fluid due to a high loss of viscosity near the pipe wall.

As can be seen from Figure 8, the coefficient of friction and the relative ratio of the
coefficients of friction increase with a decrease in the Reynolds number, which can be
explained by the fact that at lower values of the Reynolds number, the liquid can pass
through the entire strip and generate more friction forces due to the occurrence of small
vortices behind the strip.
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Figure 8 — Flow pressure change along the length of the heat exchanger during laminar (a) and
turbulent (b) flow movements
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Loosely fitting perforated twisted strips create less friction during flow movement
compared to a conventional twisted strip. This is due to the fact that a conventional
twisted strip creates a greater disturbance of the flow near the wall. The coefficient of
friction tends to increase with a decrease in the coefficient of twisting and the diameter
of'the hole, similar to the coefficient of heat transfer. This is due to the fact that the use of
a twisted strip with a lower twist coefficient and a smaller hole diameter leads to higher
flow blocking and turbulence intensity in the flow field.

The theoretical part. The CFD modeling software package (COMSOL multitphisics
6.1) was used to perform three-dimensional numerical calculations of inserts from
a conventional pipe and twisted strip in a pipe with a constant heat flow using the
following basic equations [20].

The continuity equation for an incompressible fluid:

dp
5. TV (pY) = S ()
The conservation of momentum equation:

(@ VI =—Vp+pg +V-1;+F @

The energy conservation equation:

2 ) L.
po; (PE) + V- {W(PE + p)} = V- {KegtVT — X hi(Tesr - V)} + Sn (3)

The numerical values of mass flow and constant heat flow used for modeling formed
the basis of this numerical research. Steel and aluminum, respectively, were chosen as
the material for the manufacture of ordinary pipe and twisted strip. In all simulation
cases, water was used as the working fluid.

The CFD modeling software package (COMSOL multitphisics 6.1) was used to
solve the above-mentioned control equations based on certain boundary conditions.

For this research, a sequential solution algorithm (the algorithm of a separate solver)
was chosen, and the solver setting includes an implicit formulation, a stationary (time-
independent) calculation, a visco-laminar model and an energy equation. The SIMPLE
algorithm has been selected as the pressure-velocity coupling method and the first-
order upwind scheme was used for the energy and momentum equations solution. The
following equations are used to calculate the Nusselt number (Nu) and the coefficient of
friction (f) as the coefficient of surface friction (Salman, et al, 2013):

Nu="2, 4)
K

where the heat transfer coefficient 4 was determined using the equation (5):
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h=—9_ (5)

Tw—=Tp

coefficient of friction

f= 16 (7
Re
Reynolds number
Re = 24D, (8)
U

where D is the diameter of the tube, % is the heat transfer coefficient, K is the
conductivity of water, ¢ is the heat flow on the tube, Tw is the temperature of the tube
wall, and T, is the volumetric temperature of the water 7, = (T, + T))/2, T, inlet water
temperature, 7, temperature of the water at the outlet, p is the density, x is the dynamic
viscosity, and u is the velocity of the water.

Conclusions.

Based on the research results, computational models of flows near the wall region for
an intensifier in the form of a profiled strip were constructed, data were obtained on the
distribution of turbulence, velocity and temperature inside the pipe and the influence of
the intensifier shape on them, and the mechanisms of heat transfer intensification were
explained.

Heat transfer in a pipe-in-pipe heat exchanger equipped with profiled twisted ribbon
elements under turbulent and laminar flow modes of heat carriers was investigated. The
main conclusions can be drawn as follows:

Strip flow intensifiers significantly increase the efficiency of heat transfer in both
laminar and turbulent modes by increasing the surface area and improving flow
distribution.

In the laminar mode, the intensifiers help to reduce the temperature gradient between
the heat carriers, which improves heat transfer. However, the overall heat transfer
coefficient remains lower than in the turbulent regime.

During the transition to a turbulent regime, a significant increase in the heat transfer
coefficient is observed. Intensifiers provide a more uniform distribution of flows, which
leads to increased heat transfer and reduced energy losses.

It has been established that the efficiency of intensifiers depends on the flow speed
and viscosity of heat carriers. In high velocities and low viscosity, the benefits of the
intensifiers become more noticeable.

The multiphysical modeling made it possible to take into account the interaction of
heat transfer, hydrodynamics and heat transfer, which gave a more complete depiction
of the processes taking place in the apparatus. Modeling has shown that changes in
the flow rate and viscosity of heat carriers significantly affect the characteristics
of heat transfer. High flow rates significantly increase the efficiency of heat transfer
due to intensifiers. The simulation results indicated the possibility of optimizing the
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sizes and shapes of the intensifiers to achieve maximum efficiency. Ideal parameters
have been identified at which the greatest increase in heat transfer is achieved. The
simulation has demonstrated the high efficiency of using such structures in various
industrial applications, which opens up prospects for the development of more efficient
heat exchangers. It is recommended to conduct additional experiments to validate the
model and refine the flow data, which will help improve the accuracy of forecasting heat
exchange processes.

The results of the research show that optimizing the size and location of the intensifiers
can lead to further improvement of heat exchange characteristics. The data obtained can
be useful for designing more efficient heat exchangers in various industries, including
energy and petrochemicals.
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