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AHHOTALUMUA

BBeageHue. PaccmaTpuBaeTtca npobnema CHUXKeHUst NoTpebneHns TENOBOW 3HEPTM U NOBbLILLEHUS 3HEPTrO3P(PEKTUBHO-
CTW CUCTEM OTOMIEHUS B XXUITULLHOM CEKTOPE ANS YBEMUYEHUS UX XXU3HEHHOTO Lukna. PadpaboTka HOBbIX KOHCTPYKLIMI OTO-
nUTenbHbIX MPUOOPOB ABNSAETCA akTyanbHON 3agaden. Llenb nccnegoBaHns — nNpoBeCTU BbIYMCIUTENbHBIN SKCMEPUMEHT
ONs onpefenenvs rMApoANHAMUYECKUX XapaKTEPUCTUK CMOAENMPOBAHHBLIX TpybyaTbiX paguaTtopoB OTOMMEHUS pasHbIX
TUMOB, BKIHOYAA KOHCTPYKLUMK C YCUNEHHOW Typbynusaumen TennoHOCUTens.

MaTepuanbl n meToabl. BbinonHeH aHanv3 akTyanbHOM Hay4HOW NuTepaTypbl, NOCBSALLEHHON MOBbILLEHWIO ahdeKTnB-
HOCTV paboTbl cuctem oTonneHus. MogenupoBaHune npouecca ABWKEHUS TEMOHOCUTENSA OCYLLECTBIEHO B MPOrpaMMHOM
komnnekce SOLIDWORKS.

Pe3ynbraTbl. PaspaboTaHbl HOBble KOHCTPYKLIMKN OTONUTENbHBIX MPUOOPOB, KOTOPbIE MO3BOMSIOT CHU3WUTL 06BbEMbI NoTpe-
6GrneHnsa TenoBOW SHEPTN U MOBLICUTb OBLLYI0 SHEProadHEKTUBHOCTL CUCTEM OTOMMNEHUs. ViccnenoBaHo BMMSHNE KOH-
CTPYKUMOHHBIX 3MIEMEHTOB Ha [ABWXEeHWe TennoHocutens. BbISCHEHO, YTO MakcumanbHble nokasaTenu TypOyneHTHOCTH
1 3 PeKTUBHOCTbL TennoobmeHa obecneunBatoTca Npu NPYUMEHEHUN CNpanbHbIX BCTaBOK B paguaTopax.

BbiBoabl. [pakTuyeckme akcnepumeHTbl NOATBEPANIN NOBbILLEHWE 3 dEKTUBHOCTU 0BorpeBaTenbHbIX MPUGOPOB CO Cu-
panbHbIMK BCTaBKamu MpUMepPHO Ha 3 %, YTO BEAET K YMEHbLUEHUIO S3HEPronoTpebrneHns n aKCnyaTalMoHHbIX PacxodoB.
YryJlleHHble XapakTepucTukn obopyaoBaHMsa obecnedmBaloT YMEHbLUEHUE Harpy3kv Ha UHXEHEpHble CeTu, npoarnesas
UX pecypc aKCnyaTaumm U CHkas NoTpebHOCTb B YaCTOM TEXHUYECKOM OBCMYyXXMBaHUW.

KNKOYEBBIE CITOBA: oTonuTenbHbIA Npubop, MoaenupoBaHue, Typbynunsaums, akcnepuMeHTarnbHble nccneaoBaHus, ad-
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ABSTRACT

Introduction. The problem of reducing thermal energy consumption and increasing the energy efficiency of heating systems
in the residential sector in order to increase their life cycle is considered. The development of new heating device designs is
an urgent priority. The aim of this study is to conduct a computational experiment to determine the hydrodynamic character-
istics of simulated tubular radiators of various types, including designs featuring enhanced coolant turbulence.

Materials and methods. An analysis of relevant scientific literature devoted to improving the efficiency of heating systems
was carried out. The modelling of the coolant flow process was performed using the SOLIDWORKS software package.
Results. New designs of heating devices were developed that enable a reduction in heat energy consumption and
an increase in the overall energy efficiency of heating systems. The influence of structural elements on coolant flow was
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investigated. It was found that maximum turbulence values and heat exchange efficiency are achieved by using spiral inserts

in radiators.

Conclusions. Practical experiments have confirmed an increase in the efficiency of heating devices with spiral inserts by
approximately 3 %, which leads to a reduction in energy consumption and operating costs. Improved equipment charac-
teristics reduce the load on utility networks, extending their service life and reducing the need for frequent maintenance.

KEYWORDS: heating device, modelling, turbulation, experimental studies, heat exchange efficiency, spiral insert, plate,

heat carrier
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BBEJEHUE

B nocnenuue necstunerus B Poccuu u psijie apyrux
WHJyCTPHAIILHO Pa3BUTHIX TOCYJAPCTB OTMEYACTCS CTa-
OWITbHAs TCHIICHIWS K CHIDKCHHUTO TIOTPEOICHISI TETIIOBOM
sHepruu. PaccmarpuBaercst mpo0iema CyIieCTBEeHHBIX
Terutonorepb B Poccuu, 00yciioBieHHas mepexoioM npo-
MBIIIICHHBIX MPEANIPUATHI Ha aBTOHOMHOE TETIOCHA0-
’KEHHE U MOBBIIICHUEM SHEPreTHueckoi A eKTHBHOCTH
obopynoBanus. TeM He MeHee B pe3yJibTaTe SKOHOMUYe-
CKUX TpeoOpa3zoBaHuii Hadana 1990-x TT. maHHAs Tpo-
Onema mpruoOpena KpUTHUeCKuil xapakrep. Hay4anble mc-
CJICIOBAHUS IEMOHCTPUPYIOT YBEIMUCHUE TETLIONOTEPh
TIPU TPAHCIIOPTHPOBKE TMPAKTHUESCKH B 2,5 pa3a, 9To He-
3aMeITUTEIIFHO OTPa3mWIoch Ha Tapu(HON MOIUTHKE
JUTSL KOHEYHBIX MoTpeOuTeneil. [TaBHOW MPHYUHON CTOJb
PE3KOTO POCTa MOTEPh CTANl HEYIOBICTBOPUTEIBHEINA TeX-
HUYECKUI CTAaTyC MH)KEHEPHBIX CETEH, XapaKTepu3yto-
IIUHCS BBICOKMM ypOBHEM (u3uyeckoro usHoca' [1, 2].

Bormpoc TemocHatkeHws TpeOyeT HEOTIOKHBIX Mep
IO TIOBBIIICHUIO 3P ()EKTUBHOCTH PabOThI BCEH CUCTEMBI.
[Totepu Teruia MpUBOASAT HE TOJBKO K pOCTy TapudoB,
HO W K YXYAIICHUIO KaueCcTBa MPEIOCTABIIEMBIX YCITYT,
YTO HETATWBHO CKA3bIBACTCS Ha yPOBHE KoM(opTa JKHUTeE-
neit. OcoOGEHHO OCTPO ITO OLIYIIACTCS B CEKTOPE JKHIIUIL-
HOTO CTPOHUTEITLCTBA BCIICICTBHE TOTO, YTO ITEPCIICKTHBBI
BO3MOYKHOTO 3HEProcOepeKeHNs B TeUEHHE rofia proIH-
skarorest kK 400 mumH ['kan [3].

CorracHO BBIBOZAM, MPEICTABICHHBIM aBTOPAMH
paboTsl [4], yBemmaeHue sHeprodpdeKTHBHOCTH HOBBIX
CTPOUTENIBHBIX OOBEKTOB HE3HAYUTEIIHHO BIUSIECT HA POCT
CTOUMOCTH 3acTpOiKH. C MpaKTHYECKON EPCIIEKTHBBI MO-
JICpHHU3AIHUS CYIIECTBYIOMINX CHCTEM OTOIUICHHUS B JKHU-
JBIX 3[aHUSIX MyTEM 3aMEHBI yCTapeBIIEro 000pyIoBa-
HUS TIPEJICTaBIISIeTCsT 00JIee SKOHOMUUYECKU ONPaBIaHHON
1 OBICTPOH aTBTEPHATHBON TTOTHON PEKOHCTPYKIINH JKH-
noro oHa. DTOT METOJ TTO3BOJISIET 3HAYUTEIBHO COKpPa-
THUTB 3aTPaThl U BPEMEHHBIC PECYPCHI, JeNasi ero MpUopH-
TETHBIM BBIOOPOM IS OOJBIIMHCTBA KOMMYHATBHBIX
MPeIPUATHI 1 YIIPABIAIOIINX OpraHu3auui [5—7].

B uccnenoBanuu [8] aHanmM3UpyOTCS MOAXO/BI K IO~
BBIIIICHUIO YHEPTod(h(HEKTHBHOCTH OTOTUTEIIFHBIX CHCTEM

! TerutocHaO)keHMe HACENCHHBIX IMyHKTOB // DenepanbHast
cimyx0a rocynapcrBeHHol cratuctuku. 2022. URL: https://
rosstat.gov.ru/storage/mediabank/jkh3.docx

Kak B JISHCTBYIOMINX, TaK ¥ IPOCKTUPYEMBIX JKIJIBIX 00B-
eKTaxX C MPUMEHECHHUEM MEePEIOBhIX TEXHOJIOTHICCKUX
pemienuii. [lonmydeHnble pe3ynbTaThl AEMOHCTPHPYIOT,
YTO KOMILJIEKCHAs! MOJIEPHH3ALIUS CHCTEM OTOIICHHUSI CIIO-
coOHa obecreunThb yaydneHne ux 3QGeKTHBHOCTH.

[IpoBeneH cpaBHUTEIBHBINH aHAIN3 TIPOLICHTOB CHU-
JKEHHSI YIIeNTbHOW XapaKTepUCTUKH MOTPEOJICHUS TeIlIo-
Bof aHepruu [9]. B xauecTBe pe3yasTaToOB Mpe/ICTaBICHBI
pacueThbl XapaKTCPUCTUK CUCTEMbI OTOIICHUA MHOIO-
OTAXXHOT'O 31aHUA. AHaIOrnyHeIe HCCIICA0BAHUA TTPUBEC-
nensl B Tpymax [10, 11].

PaccmoTpeHs! HMEromuecs THITBI CHCTEM OTOILIe-
HUS Xmwioro goma [12]. YeranosieHo, uto Grmarogaps
CaMOCTOSTEIIFHOMY PEeTyITHPOBAHHUIO TTOAYH TETIIa KO-
HOMUS 32 OIIIaTy cocTaBisieT B cpenneM ot 20 mo 30 %.
[TonTBepkaeHNE STOTO UCCIEIOBAHUS OITYOIMKOBAHO
u B padote [13].

W3ydeH BOIpOC OLIEHKH 3aTpaT Ha CTPOUTEIHCTBO
TEIUIOBBIX CETEH M MPOBEJCH CPAaBHUTEIBHBIN aHAIIN3
pa3Mepa KOMMYHAJIBHBIX IDIaTEXKEeH PH Pa3INIHbIX Me-
ToJax TeruiocHaOxeHus [ 14]. BeisgBieHo, 4TO IEHTpa-
JIN30BAHHBIC CHUCTEMBI TeHJ’lOCHa6)KeHl/ISI OKa3bIBAKOTCs
6oree T0pOroCTOAITUMHU JJIS KUITBIIOB.

Ha ceronusinmii ieHb HaOJIFOIACTCsI TEHICHIMS YBe-
JIMYEHHMS] MTHTEpeca K BHEIPEHUIO SHEProd((pEeKTHBHBIX UH-
TEIUIEKTYaJIbHBIX CHCTEM TeriocHabkenus [ 15]. i3BecTHO,
YTO BaKHEHIIIUM ITAIIOM IIPH pa3padoTKe TAKHUX CHCTEM,
PaBHO KaK M BCEX BUJIOB OTOITUTENHHBIX CHCTEM B IIEIIOM,
SIBIIIETCS TIPOLIECC MOZISTTMPOBAHMSL. B 1iHKITe IMyOmiKariiz
[16-18] paccMmaTrpuBarOTCS BOIIPOCHI CO3IAHHS OCHOBBI
1(hpOBOTO TBOMHIKA CHCTEMBI OTOTIICHHS KIJIOTO 3IaHFIS
C TEJBIO TIOBBIIICHHS Y(D(EKTUBHOCTH YIIPABJICHHUS TEIUIO-
BOM sHepruei. Mcrons30Banne nporecca MOIETMpOBaHMs
JIaeT BO3MOKHOCTB HE TOJIBKO CIKOHOMUTB SHEPIOPECYPCHI,
HO ¥ ONITUMH3UPOBATh JCHCTBHS B HEILTaTHBIX CUTYAIHSX,
BKJTFOYAst aBAPHIHBIC PEKUMBI.

Oco0blit HHTEpEC MpecTaBIsieT ucciienosanue [19],
a UMCHHO BbIBOJBI, YKa3bIBAIOMINE HAa Ba)XHOCTH BHE-
JIPEHHS HOBBIX KOHCTPYKIIMI OTOIUTEIBHBIX MPHOOPOB
Ha JTare peKoHCTPYKIMH. Pa3zpaboTka HOBBIX KOHCTPYK-
U OTONHUTENBHBIX PUOOPOB OCTAETCS AKTyaJIbHOM 3a-
Jadeit 1o HacTosee Bpemst. CoBpeMEHHBIE TPEOOBAHS
K 9HEeprod(pHeKTUBHOCTH JUKTYIOT HEOOXOAUMOCTH CO3-
JTAHUS YCTPOMCTB, 0OTAMAIONNX YIyUIICHHBIMU TEXHHU-
YECKUMH XapaKTePUCTHKAMH, TAKIMHU KaK BBICOKas Te-
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TJIOPOU3BOAUTCIIBHOCTD, JOJTOBECYHOCTH U MPOCTOTA
MOHTa)ka. Perrienne »Toii 3a1aun mopasymMeBaeT 00beIu-
HEHHE YCWINH BEIyIMX WHKEHEPOB M YUEHBIX, CII0CO0-
HBIX MPEUIOKUTh HHHOBAIIMOHHBIC TEXHUYECKHE pelie-
HHS1, CIIOCOOHBIE Y/IOBJIETBOPHUTH PacTyIIye TTOTPEOHOCTH
00IIIeCTBA B KAYCCTBCHHOM U IOCTYITHOM TEIIOBOM 3HEP-
ruu [20]. TTomynsipHBIM ¥ HE3aTPaTHBIM CIIOCOOOM OCY-
MIECTBICHUS aHaN3a 3()(HEKTHBHOCTH PadOTHI CHCTEM
OTOIJICHHS BBICTYIIA€T KOMIIBIOTEPHOE MOJICINPOBAHHE.
Ero pacnipocTpaneHHOCTh 00yCIIOBI€HA 3HAYUTEIHHO
MEHBIINMH 3aTpaTaMyi B CPABHEHHH C PEaIbHBIMHU AKCIIEe-
PUMCHTAJIbHBIMU UCCJIIEJOBAHUAMM, ITIOCKOJIBKY JJIA (1)1/1-
3UYECKHX MCTIBITaHUH HEOOXOIMMO M3TOTaBIMBATh IIPO-
ToTHN 0OopynoBanusa. Cpean WHKEHEPHBIX MPOTPaMM
0co00e BHIMaHUE XOTEJIOCH OBl YJIEIUTh CHCTEME TIPO-
extupoBanusg SOLIDWORKS. JlanHblil nporpaMMHBIHA
MPOIYKT YJOBJIETBOPSIET BCEM TPEOOBAHMSIM, ITOCTABIICH-
HBIM aBTOpaMH, 8 IMEHHO MO3BOJISIET OCYIIIECTBUThH MOJIE-
JIMPOBAHUE JABMKCHHS TTOTOKA TEITIOHOCUTEIISI B OTIPE/ie-
JICHHOM JINana3oHe CKOPOCTEH.

Lexb riccieIoBaHUs — H3yUEHHE PA3IMIHBIX OPHTH-
HaJIbHBIX KOHCTPYKIMH OTOIUTEIBHOTO Ipudopa 1 cpas-
HEHHE PEe3yIbTaToOB C CEPUHHBIM 000pyaOBaHHEM. JTO
MIOMO>KET JIyHIlIE TOHATH PabOTy TAKMX YCTPOMCTB U YiTyd-
IIIATH UX AW3aHH TS TOCTYKEHIST HAMOOMBIIeH 2(h(heKTHB-
HOCTH.

MATEPHUAJIBI U METO/bI

XapakTep JBWKEHUS JKUJAKOCTH OKa3bIBaeT 3Ha-
YUTEIbHOC BIUSHUE HA 3(PPEKTHBHOCTh MPOIECCOB
Teruionepeaayn. B nopasnisioneM OOJbIIMHCTBE OTO-
MUTENBFHBIX TPUOOPOB HAOMIOAAeTCS TaMIHAPHBIN pe-
JKUM, TIO9TOMY KOJIMYECTBO TEpEeaBaeMO TEIIOBOH
SHEPTHX B ITOMEIICHNE 3aBUCTH OT THUIIA TETNIOHOCH-
TeJIs, er0 CBOMCTB M KOHCTPYKTHUBHBIX 0COOCHHOCTEH
OTONUTENLHOTO 00opyRoBanust [21].

Orerka 3¢ GeKTHBHOCTH TEIJIOOTIAYH B TpyOUa-
THIX U KaHAJIBHBIX CHCTEMaX TPAIUINOHHO MPOU3BO-
JUTCSI C IPUMEHEHHEM KO3 PHUIHNEHTa TeTUIO0TIauH.
Ycranosneno, 4ro ynciao Hyccensra pacrer mponop-
[IMOHAJIBHO YBEIMUCHUIO 3HAYCHUS KpuTepHs PeitHomb-
Jica, yKa3bIBas Ha Bo3pacTanue kodhduiimeHTa Termio-
otmadu ¢ poctom uncia Re [22, 23].

HUccrnenoBarenbekue paboThl 3apyOeKHBIX CIHEIH-
anucToB [24—26] IEMOHCTPHUPYIOT, UTO OpeOpPCHNUE; UC-
MOJIb30BAHNE IIEPOXOBATHIX MOBEPXHOCTEH, BCTABOK
Pa3IMYHOM reoMeTpruyecKoii JOpMbI CHOCOOCTBYIOT yBe-
JIMYEHHIO CTETICHU 3aBUXPEHHOCTH MOTOKA U, KaK CIIe/-
CTBHUE, POCTY YPPEKTUBHOCTH TeTuiooOMeHa. VHbIMH
CJIOBaMH, OCHOBHOM 3ajiaueil BceX MCCIIEIOBaHNHN BbI-
CTymaeT pa3paboTKa TaKUX KOHCTPYKIIMI OTOMHUTEIEHBIX
puOOPOB, KOTOPBIE coueTatn Obl B cede ONTUMAaIbHOE
COOTHOIIICHHE MacCOTabapUTHBIX MOKa3aTeIei U Kodd-
(bHIIIeHTA TETI00TIau — OCHOBHOTO [OKA3aTels, XapakK-
TEPU3YIOMET0 d(PPEKTHBHOCTD PAOOTHI OTOMUTEIHFHOTO
npudopa [27].
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Bce meTonsl BO3aeicTBYSI HA IOTOK TEMJIOHOCH-
TeJIst MOXKHO Pa3/ieiuTh Ha JiBe OOJIbIINE KaTeropuu —
aKTHBHBIC U MTacCUBHBIE [28].

CyTh aKTHBHBIX METOZIOB 3aKJIIOYAETCS B BO3JCH-
CTBHH Ha 000pyI0BaHNe, a He Ha 1ToTOoK. [Toz1 Bo3neiicTBreM
MOHUMAETCSI CO37aHue BHOPALIMK, MATHUTHBIX MOJIEH
WITH aKyCTHUeCKuX [29].

K maccuBHBIM METO/IaM MOYKHO OTHECTH CITOCOOBI,
BJIMSIIOIME HEMOCPEJCTBEHHO HA MOTOK TEINIOHOCUTE-
7151 J171s1 TOTO M3MEHSIOT KOHCTPYKINIO KaK paguaTopa,
TaK M ero KaHasa, T.c. yCTAHABIMBAIOT BCTAaBKU pa3iny-
HOU reoMeTpuueckoil hopmbl. B HayuHOI mureparype
TaKWe BCTaBKH HA3bIBatOTCA TypOymm3arops! [30, 317.

Takum 00pa3om, BEIOOP ONMTHUMaIbLHOTO METOJA
MHTCHCU(UKAIUU TEIUIOOTIAAYd JO0JDKEH yUHUTHIBAThH
cnenn(puKy KOHKPETHOH CHCTEMBI M JKellaeMble Iapa-
METPHI TETIO0OMEHa.

PE3YJIBTATHBI HCCIEJOBAHMUA

B cucremax oToruieHus TpaJIMIHOHHO UCTIONB3YOT-
Csl MHOTOCEKIIMOHHBIE PaINaTophbl OTOIUIEHHUS. VX BHEII-
HUM BUJ U KOHCTPYKTHB MPECTaBIEHBI Ha pHC. 1.

CBOI0 MOMYNSIPHOCTD JAHHBIA THIT PaAXATOPOB TO-
Jyqw1 Omarogapst IpOCTOTE KOHCTPYKIMU M N3TOTOBIIC-
HUS, TOCKOJIBKY HE TpedyeTcs CHelHaln3upOBaHHOE
obopynoBanue. M3-3a 3Toro mapamerpsl (BbICOTa, Jna-
METp | T.JI.) PaJHaTOPOB MOTYT BapbHPOBATHCS HUCXOMS
13 TEXHUYECKHUX yCJIOBUN MM TpeOOBaHUH 3aKa3dymKa.
HecoMHEHHBIM ITIOCOM SIBIISIETCS IPOCTOTA YXO/1a, 0CO-
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Puc. 1. Cepuiinblii paguatop OTOIUIeHUs: /, 2 — KOJUIEKTO-
pBI; 3 — ceKnus; 4 — CroH
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Puc. 2. Yeprerxu OpUrHHATBHBIX PAANATOPOB: @ — KOHCTPYKIIHSA pafHaTopa ¢ BOTHYTHIMH IUTACTHHAMU: [, 2 — KOJLIEKTOPBHI;

3 — cexuus; 4 — CroH; 5 — BHYTpEHHs TpyOa; 6 — TypOyau3aTop; b — KOHCTPYKLUS paguaTtopa co CIUPaTbHBIMH BCTaB-

Kamu: /, 2 — KOJUIEKTOPBI; 3 — CEKUsI; 4 — CrOH; 5 — BHYTPEHHsA TpyOa

O€HHO 3TO Ba)KHO B 3aNBUICHHBIX MOMEIICHUAX U TIPO-
n3BOZICTBAX. Ecii roBOpUTH 0 HEZOCTAaTKaX, OCHOBHBIM
HEOOXOAMMO YKa3aTh HU3KYIO CTETICHb TYpOyIH3amun
TETIOHOCUTEIISI.

Jaist perieHus 3To# pobieMbl ObUTH pa3padOTaHbI
TPU OPUTHHAIBHBIX KOHCTPYKIIMH Ha 0a3e CepHifHOTO
paauaropa ororieHus [32-35]:

* pajuarop ¢ BOTHYTHIMH IIaCTHHAMH (puc. 2, a)
[33];

* CO CIHMpalbHBIMU BCTaBKaMu (puc. 2, b) [34];

* C IMCKOBBIMHU BcTaBKamu (puc. 3) [35].

BaxHO OTMETHTB, YTO TUTACTUHHI (CM. pHC. 2, a)
MOHTHUPYIOTCA 1OA ONIPEACIICHHBIM YITIOM OTHOCHUTEIIb-
HO JIpyT apyra, 00pasys psabl. Paccrosnue Mexy aTu-
MU PSITaMHA PACCUUTHIBACTCS TaKUM 00pa3oM, YTOOBI
00€CIeYnTh MOCTOSIHHYIO TYpOYJICHTHOCTD JBHXKCHHUS
TEIUIOHOCHUTEIIS, CIOCOOCTBYIOIIYIO JTyYIIEMYy TEIUIO-
oOMeHy.

B paamaropax ¢ quckoBBIMHU BcTaBKamu (puc. 3)
TypOyJIH3aTOphI pacIoIaraloTcsi BHyTPH BEPTHKAIBHO-
ro KaHaja, o0ecreuynBas JOMOIHUTEIBHYIO MIOMIANb
MOBEPXHOCTHU s TeruioodMena. Takast cTpykTypa rmo-
3BousieT 39(h(hEKTHUBHO TepesiaBaTh TEIJIOBYIO SHEPTHIO
OT TEIJIOHOCHUTEJIS B OKPYKAFOIIYIO CPELy.

JanbHelmume uccieqoBaHus MpeAnoiaraloT co3-
JlaHHE KOMITBIOTEPHBIX MOJIeJICii KaHaJIOB OPUTHHAIb-
HBIX KOHCTPYKITUH W MOJIEIH CEPUHHOTO OTOMHUTEIIb-
Horo mpubopa (puc. 4) ¢ MOCIEAYIOIIUM aHATIN30M
Pe3yJbTaTOB MOJEIMPOBAHUS JIBUKCHHUS TEIJIOHOCH-
Tens. DTy 3aady YAaloCh PEIIUTH C MTOMOIIBI0 KOM-

d
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e A Al F——t A

c
3

F:ﬁ || o e | | e R e — | —— | | ——
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Puc. 3. Yeprex paguaropa ¢ IMCKOBBIMHI BCTaBKaMH: /, 2 — KOJI-
JIEKTOPBI; 3 — CEKIUsT; 4 — CroH; 5 — BCTaBKa; 6 — OChb
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Puc. 4. O0beMHBIC MOJICIIU CEKIUIT paanaTopa: ¢ — C BO-
THYTBIMH TUTACTUHAMH; b — CO CIIHPaJbHBIMH BCTABKAMU;
¢ — C IMCKOBBIMH BCTaBKaMU; d — CTaHAAPTHOTO pajraTopa

miekca SOLIDWORKS, mockoiapKy 3TO MOIIHEIH MH-
CTPYMEHT JUIsl TPEXMEPHOTO MOJICITUPOBAHHSI, KOTOPBIH
IIAPOKO NMPUMEHSETCS HH)KCHEPaMU M AH3aliHepaMu
JUISL CO3/1aHMS BBICOKOTOYHBIX IU(POBBIX MPOTOTHUIIOB
n3nenuid. Korma peus nper o MopeIMpoBaHUH IOTOKOB
TEIUIOHOCUTENeH B KaHalax paguaTopa OTOIUICHHS,
SOLIDWORKS npeanaraet MHOXECTBO TIPEUMYIIECTB,
KOTOpBIE AEJAIOT €ro UAealbHbIM BEIOOPOM ISl BbI-

2000
1800
1600
1400

1200

Re

1000

800

600

400

200
0,5 0,7 0,9

MOJIHEHHUS MOJO0OHBIX 3a1a4. BeiOop 3TOro mporpam-
MHOT0 o0OecrieueHHs M03BOJISIET HH)KEHEPaM CO3/1aBaTh
TOYHBIE IIU(YPOBBIE TIPOTOTHUIIBI, IIPOBOAUTH KOMILIEKC-
HBIE PACUYEThl U ONTHMHU3UPOBATH KOHCTPYKINHU PaIH-
aToOpOB, YTO BEJIET K MOBBIIIECHUIO UX d3(PPEKTHBHOCTH
1 JIOJITOBEYHOCTH.

HaxoxaeHue 4ucIeHHOTo 3Ha4eHus kod(puuu-
€HTa TypOyJIN3ally 3aKIF0YaeTCsl B IPOBEACHUN MOJIE-
JIMPOBAHUS JIBUKEHUS TEIUNIOHOCUTESI IPU Pa3INUHBIX
CKOPOCTSIX.

Omnpenenenne kpurepusi PeifHomb/ICa BBITIOIHEHO
npH ckopocTH Terutonocurens ot 0,5 no 1,5 m/c myst Beex
THITOB KOHCTPYKIMH COOTBETCTBEHHO. Pe3ynbrars! npen-
CTaBJIEHBI Ha puC. 5.

Ilo pe3ysabraraM BHIHO, UTO 3aBHCHMOCTH BO3PACTa-
10T JIMHEWHO C YBEINYEHUEM CKOPOCTU TETUIOHOCHTEIIS.
Yem Oostblie CKOPOCTh, TEM BbIIIE 1 AQHEKTHBHOCTD pa-
60tbI. Takke ¢ pOCTOM CKOPOCTH YBEINYMBACTCS pPa3phbiB
MEX1y OpPUTHHAIBHBIM 00OPYIOBAHUEM U CEPUHHBIM.
Tax, mpu crkopoctn 0,5 M/c pa3psIB B urciax Re cocrass-
er 3, aipu ckopoctH 1,5 M/c uncio Re Gorbiie B cpeHeM
Ha 850. [lukoBble 3HaUCHNS Re 1 MaKCHMaNbHBIN TEMIT
€ero npupocTa (PUKCHPYIOTCS TIPHU YBEIMIEHUH CKOPOCTH
B XOJI€ CUMYJIAIMOHHBIX KCIEPHMEHTOB HaJ IOTOKOM
B CEKIIMH, OCHAILICHHON CIUPaIbHBIMU KOMITOHEHTaMHU.

st BeprduKanyuy TOYHOCTH TOJyYEHHBIX CBEJle-
HUH BBITIOJTHEH CPABHUTEILHBIN aHAIN3 BEJIMYNH KOI(-
¢unmenta PeitHonmbica A1 CTaHAAPTHOTO TPYOUATOTO
TEMJIO0OMEHHHUKA M TETUIOOOMEHHUKA ¢ BHEIPSHHOU
CIHMpabHON BcTaBKOH. JlaHHBIE TapaMeTphl OBLTH CMO-

1,1 1,3 1,5

V, m/c

Puc. 5. Pe3ynbrars! TEIUIOTEXHUUECKUX UCIBITAHUN: /| — painaropa ¢ BOTHYTBIMH TUIACTUHAMU; 2 — PaJHaTopa co CIUpajb-

HBIMH BCTaBKaMH; 2 — pacueTHbIC 3HAUCHUS YHClIa Re B CeKIMsIX paguaTopa co CIMpPaNbHBIMU BCTaBKaMK; 3 — pajguaTopa

¢ IMCKOBBIMH BCTaBKaMM; 4 — CTaHIAPTHOTO pajnaTopa; 4 — pacueTHBIC 3HAUCHUS 4ucia Re B CeKIMAX CTaHIAPTHOTO

paauaropa
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3,00
2,83
1,67
1,50
2,33
2,17
2,00
1,83
1,67
1,50
1,33
1,17
1,00
0,83
0,67
0,50
0,33
0,17

Puc. 6. ['paduueckoe pacrpeneneHne MHTEHCHBHOCTH TypOYJIEHTHOCTH IOTOKA B CEKLHAX: ¢ — PaJnaTopa C BOTHYTHIMU

IJ1aCTUHaAMU; b— paauaropa Co CnupaJbHbIMU BCTaBKaMU; ¢ — paauaTropa ¢ JUCKOBbIMH BCTaBKaMU; d— CTaHAAPTHOT'O

paauaropa

JICTUPOBAHBI C TIOMOIIBIO0 BBIYUCIUTEIIBHBIX METO/IOB.
[TomyueHHble pacyeTHbIE BETMYMHBI I0Ka3aHbl HA PUC. 5
B BUJIE ITYHKTUPHOU JIMHUH.

Pacuers! cpetHelt IHTEHCUBHOCTH TYpOYJICHTHOCTH
HPOBOJIMIINCH HA OCHOBAaHHUH PE3YJIBTATOB MOJIEIIHPOBa-
HHS [TOTOKOB TEIUIOHOCHUTEJIS B CHICLHAIN3UPOBAHHBIX
MaKeTax KOMITbIOTEPHOMN THIIPOJAMHAMUKH, TAKHUX KaK MO-
nynb Flow Simulation makera SOLIDWORKS (puc. 6).
CpenHee 3HaUCHNE A0COMIOTHON CKOPOCTH BBIUHCIISIIOCH
KaK MHTETpaJbHOE 10 BCEMY 00bEMY CeueHHusl TpyOKH
panunaropa.

[oyuennsie naHHBIE OTOOPAXKANNCH rpapUIECKN
B BUJIE TPACKTOPHI YACTHIL TETIIOHOCUTEIIS, T/ KaXKIbIHA
IyTh OKPAILEeH B 3aBHCHMOCTH OT JIOKaJIbHOH HHTEHCHB-
HOCTH TypOyneHTHoCTH. L{BeToBast manutpa BeIOMpanach
TaK, 4TOObI HAMISIHO OTPaXKaTh rpajallii WHTEHCHB-
HOCTH, TIO3BOJISISE BU3YaJIbHO OLICHUTB Pa3IH4Us MEXKIY
Pa3IMYHBIMHM KOHCTPYKIMSIMU PaJaToOPOB.

B pesynbrare yCcTaHOBIICHO, YTO MHTEHCHBHOCTb
TypOYJIEHTHOCTH camasi HU3Kas y CEpUIHOTO pajuaropa
u cocrasisier 2,5 %. Hausbiciueit crenenn TypOyaeHT-
HOCTH 5 % yaanock JOOUTHCS MPU UCIOIB30BAHIHU CITH-
paJBHBIX BCTABOK B PaJiHaTop.

C 11eTbI0 MOATBEPIKIACHUS PE3YIIBTATOB KOMIIbIO-
TEPHOTO MOJEIMPOBAHUS IPOBEICHLI CPABHUTEILHBIC
9KCHEPUMEHTAIIBHBIE UCCIICIOBAaHUS PaanaTopa co CIH-

palbHBIMH BCTABKaMH M CEpUIHOTO. J{i1s1 3TOT0 B SKCIIE-
PUMEHTAIBHYIO YCTaHOBKY (pHC. 7), CIPOEKTHPOBAHHYIO
cormacao ['OCT P 53583-2009, uaTerpHpOBaHbI yKa-
3aHHBIE paJUaTopbl. B kauecTBe 3TaloHHOTO MPUMEHSII-
Cs1 CEpUMHBIN pasinaTop, B Ka4eCTBE UCCIIELyEMOro —
paauaTop co CHUpaIbHBIMU BCTABKaMHU.

Ilepen npoBeneHuEM SKCIEPUMEHTAIBHBIX HCCIIE-
JOBaHMN OBUIM M3TOTOBJICHBI M BMOHTHPOBAHBI CIIU-
panbHbIe TypOynau3aTopbl. VX BHEMIHWI BUJ TOKa3aH
Ha puc. 8.

DKCIIEPUMEHTHI OCYIIECTBISUIUCEH C UCIIOJIB30BAHH-
€M BOJIbI B KQUECTBE FOPSTIETO TEIJIOHOCUTEIIS U BO3/TyXa
B KaueCTBE XOJIOJHOTO. Bo BpeMs 3KCIIEpUMEHTOB TeM-
neparypa BoJsI BapsrpoBasiach ot 50 o 85 °C. Bozmyx
UMel KOMHaTHyo Temneparypy okoio 20 °C. Ilnanupo-
BaHHE KCIIEPHUMEHTa KOPPEIUPYETCS C TEMITEPaTypPHBIMU
rpaduKaMH MCTOYHHKA TETIOBOH SHEPTUH U OTpeOuTe-
JIs1 JUISL HU3KOTEMITEPaTyPHBIX CHCTEM TEIUIOCHA0KEHHS
benropopckoii obmactu. BakHbIM 311€eMEeHTOM J1abopa-
TOPHOH yCTaHOBKH, IIPE/ICTABIIEHHON Ha pUC. 7, ABISIETCS
BOZIOTpeiHBIN anekTpudeckuit koren «PYCHUT» (momr-
HOCTb 5 KBT), MakcumainbsHas TeMIiepaTrypa TEerIOHOCH-
TeIs Ha BBIXOZIE KoToporo cocrasisier 87 °C.

CrenoBatenbHO, TEMIIEPaTyphbl CETEBOH BOABI B IIO-
JAIoIeM 1 00paTHOM TPyOOIPOBOAAX, B3ATHIC IIPH TEM-
neparype HapyXHOro Bo3myxa —17 °C, OymyT KOHEUHbI-
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Puc. 7. DkcniepiuMeHTanbHask YCTAHOBKA: @ — cxema; b — BHEWHUH Bua; | — mepenus; 2 — 0ak MOCTOSHHOTO YPOBHS;

3 — cMeIUBaloIIee YCTPOHCTBO; 4 — SIEKTPUUECKHI KOTeN; 5 — KJIanaH; 6 — HUPKYISIMOHHbIA HacoC; 7 — KiarnaH; § — pa-

narop; 9 — u3MepuTenbHbli cocyn; /0 — kinana; // — TeriooOMeHHUK [UTsl TEPBUYHON MMOATOTOBKH BOABL, /2 — (uiibTp;

13 — ycTpOHCTBO A7 UI3MEPEHNUS TeMIlepaTypsl; /4 — KiamnaH

Puc. 8. BHemnuii Bu TypOymu3aTopoB
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MH B DKCIICPUMCHTAILHBIX HCClienoBaHusIX (85, 64 °C).
[Tpu BBINOIHEHNY CEPUH DKCIIEPUMEHTOB PACCMOTPEHBI
TeMIepaTypbl TEIJIOHOCUTEJIS ITPH CIIELYIOIIMX TeMIepa-
Typax Hapy>kHOro Bo3ayxa, °C: —15,-10, -5, 0, +5, +8.

Pe3synbrarsl SKCIIEPUMEHTAIBHBIX TEIUIOTEXHHYE-
CKUX HMCCJIEIOBAaHUU JIBYX PaJHaTOPOB MPEICTABICHBI
B Talnue.

Pe3ynbraThl 3KCIEPUMEHTAIBHBIX HCCISJOBaHUI
MIPUBEICHBI HA puC. 9.

W3 rpaduka BUAHO, YTO OTOMUTEIIBHBIN PUOOP
CO CIMPAJIbHBIMU BcTaBKaMu d(pdeKTrBHEE CepUitHOTO
B cpenHeM Ha 3 %. B pesysbTare nccienoBaHui MOXKHO
c/ieNath BBIBOJI, YTO DHEProdhPpekTuBHOE 000pyI0Ba-
HHE MEHbLIE IIOJBEPIKEHO H3HOCY, CICI0BATENBHO, €ro
CPOK CITyKObI yBEITMYHBACTCS.

TemrepaTypsl TEIIOHOCHTENS B TPEIOIIEM H Ha-
rpeBaeMOM KOHTYpax ONPEelessUIUCh C TIOMOILBIO TeILIO-
BerauciuTens «Bzner TCPB-042y» ¢ gaTunkom Temmiepa-
Typsl «Baner TTIC Pt500 L70». KorTpomsHbIe TOKa3aHus
(hUKCHMPOBANMCH TIOCIIE UCTEICHMS 15 MIUH, T.e. BO BpeMs
YCTaHOBHBILETOCS peskiMa. OTHOCHUTENbHAS TOTPeLL-
HOCTB TIPU U3MEPEHNH TeMIeparypbl coctaBisieT +0,2 %.

Pacxon TerutoHocuTesst B 000UMX KOHTYypax ycra-
HaBJIMBAJICS C MOMOLIBIO TEIUIOBBIYMCIHUTENS «B3ner
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TerutoTeXHUYECKHIE HCCIICA0BAaHUA

ITapamerp

Howmep onbiTa

2 3 4 5 6 7

Temmneparypa HapyxHOrO Bo3nyxa, °C 18

+5 0 -5 -10 -15 -17

Temmeparypa B nozarolieM TpyOoornpoBo/ie IPEIOIero
KOHTYpa, °C 43

47,7 56,9 65,6 74,1 82,3 85,0

PacuerHoe 3nHaueHue CPEAHEro TEMIIEPATYPHOIr'o

Haropa, °C 3.54

4,94 6,57 8,9 9,9 10,8 12,43

Kpurepuii Pelinonsaca, Re 631

878 1112 1418 1694 1775 1983

Koadppunuent temnonepenadn cepuitHoro

paauaropa, Br/(m?-°C) 1992

2203 2377 2643 2820 3054 3187

Koa¢pduuunent Tenonepenadn OpuruHaibHOro

paaumaropa, Br/(m?-°C) 2032

2234 2456 2687 2898 3066 3249

PacueTHOC 3HAUCHUE KOI(DDUIMEHTA TEIUTOTIEPEIaYH

OpHUTHHATIBHOTO pajuaropa, Br/(m?-°C) 2084

2303 2522 2743 2982 3194 3372

Pacxok/IeHHEe 9KCIePUMEHTAIbHBIX U PACYETHBIX
JTAHHBIX K03 UIHEHTa TeTUIoNepeaadn

JUISL ODUTHHAIIBHOTO paguaropa, % 26
b

3500

3,1 2,7 2,1 2,9 4,2 3,8

3300

N~

3100

2900

2700

2500

2300

2100

Koaddunment rermonepenayn

1900

1700

1500

0 0,5 1

1,5 2 2.5

Kpurepuii Peiinonbica, 10°

Puc. 9. Pe3ynbrarsl SKCIIEpUMEHTABHBIX UCCIIEIOBAHUI

TCPB-042) nmocpencTBoM 3JIeKTpOMarHiTHOTO PAcXo0-
Mepa-cueTunka «Baner OP JlautM 440J1 B» dy 15 mm.
OTHOCHTENBHAS TOTPEITHOCTH IEKTPOMArHUTHOTO pac-
xogoMepa-cuetunka «Bznet OP JlaitM 440J1 B» co-
crabisget £0,5 %.

OUHATBFHBIM ITAIIOM HCCIEOBaHUS CTalla OIeH-
Ka BIHMSIHHUS Pa3pabOTaHHOW KOHCTPYKIIMU Paguaropa
Ha YKU3HEHHBIN LIMKJI CUCTEMBI TeII0oCHa0KeHus. biaro-
JTapsi BBICOKOMY K03(D(hUIMEHTY TeTDIO0TIa4H YTy dIlacT-
cs1 3Hepro3(p(HEeKTUBHOCTH CHCTEMBI, COKpallast morpeo-
JICHWE SHEPTUH U CHIDKAS SKCIUTyaTallnOHHBIC PAaCXOIbI.
TToBbIIIcHHAS HAZCKHOCTD U IOJITOBSYHOCTH KOHCTPYK-
IIUM YMEHBIIAIOT HEOOXOJUMOCTh B PEMOHTE M 00CITy-
JKUBAaHHH, YTO JIOTIOJTHUTEIFHO CHIDKACT 3aTpaThl Ha TIPO-

TSDKEHHMH BCETO CPOKa CITy’KObl. B KOHEYHOM HTOTE, Ta-
Kasi KOHCTPYKIUSI CIIOCOOCTBYET ONTHMHU3AIUU PabOThI
CHCTEMBI TEIUIOCHAOKEHUSI, TIOBBIIICHHUIO €¢ 00IIeH (-
(DEKTUBHOCTH ¥ TIPOJIIEHUIO CPOKA CITYKOBI.

3AKJTIOYEHHUE U OBCYXJIEHHUE

Pa3paboTka HOBOro SHEProdpPHEKTUBHOTO TEILIO-
00MEHHOTO 000OPYIOBaHHUS MMOMOTACT COKPAIICHUIO
00BEMOB MOTPEOJICHUS TEIIIOBOW SHEPIUH.

CeKTop KIIHIIHOTO CTPOUTEIBCTBA UCTIBITHIBACT
3HAYUTEIhHBIE TTPOOIEMBI C ITOTEpe Tema, JOCTUras
BBICOKHUX TMOKa3aTesie MOTEHIIMATbHONH SKOHOMUH Te-
IJIOBOW DHEPTUU.

179

(6G) | #oAUIag '9) WOL Goiotatieary ™



rarIMTONLCTBS: Ty 16, BhINYCK 1(59)

H.KO. CaeeuH, T.H. UnbuHa, P.B. Jlecoeuk, B.B. Cmpokoea

[ToBblenue 3HeprodHHEeKTUBHOCTH KHIIBIX J10-
MOB BO3MOKHO 32 CUET MOJIEPHH3ALIUH CYIIECTBYOIINX
CHCTEM OTOILICHHS, YTO IIPEIIOYTUTEIbHEE TOJTHOM pe-
KOHCTPYKLMH 31aHUH.

D dHeKTHBHOCTD OTONUTENBEHOTO IPUOOpa HATIPSIMYIO
3aBHUCHUT OT Kod(uImeHTa TypOyIIi3aliii, YeM BbIIIE HH-
TEHCUBHOCTb TYpOYJIH3aL{H, TeM BbIlIe 3P(HEKTHBHOCTD.

BcenencrBue noblieHns 53pGpekTHBHOCTH paboThI
OTOITUTEJbHBIX IPUOOPOB MOCIEIYET CHUKEHHE CTOU-
MOCTH U MaccorabapUTHBIX [TOKa3aTesei.

[TpoBeneHHbIE UCCIIEIOBAHUS [TOKA3AIN MPSIMYIO
3aBHCUMOCTD 3PPEKTUBHOCTH TEIJIOOOMEHA OT HHTEH-

CHUBHOCTH TypOYJICHTHOCTH, IPHYEM BBEIACHUC CIICIIH-
aJbHBIX TYpPOYIH3UPYIOIINX BCTABOK (HAPUMEp, CITH-
PaJIbHBIX 3JIEMCHTOB) MMO3BOJISICT YBEIHMUUTH CPEIHION0
HHTEHCHBHOCTbD TYPOYJICHTHOCTH IIOYTH BIBOE I10 CPaB-
HEHUIO C TPAJULIMOHHBIMU MOAEISIMU. Takoi moaxon
OTKPBIBACT MEPCIEKTUBY NaTbHEHIIIEIO COBEPIICHCTBO-
BaHMsI KOHCTPYKIIMIA OTOMUTEIILHBIX IPHOOPOB, HAIPaB-
JICHHBIX Ha IOBBIIICHWE HX dHEProdp(HeKTUBHOCTH
1 CHUKCHHUE SKCIUTyaTallMOHHBIX 3aTpar.

BaxxHO mpojoikaTh MOACPHU3ALUIO CYIIECTBY-
FOILUX CHCTEM OTOIUICHHMS ISl TOCTHOKCHUS OOJIbIIeH
9HEPro3(Hp(HEKTUBHOCTH M CHIDKCHHSI H3CPIKEK.
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INTRODUCTION

In recent decades, Russia and a number of other in-
dustrially developed countries have seen a steady trend
towards a reduction in thermal energy consumption. This
paper examines the problem of significant heat losses in
Russia, caused by the transition of industrial enterpris-
es to autonomous heat supply and the improvement of
equipment energy efficiency. Nevertheless, as a result
of the economic reforms of the early 1990s, this prob-
lem has become critical. Scientific studies demonstrate
that heat losses during transmission have increased by
almost 2.5 times, which has had an immediate impact
on tariff policy for end users. The main cause of such
a sharp rise in losses was the unsatisfactory technical
condition of the utility networks, characterized by a high
level of physical wear and tear' [1, 2].

The issue of heat supply requires urgent measures to
improve the efficiency of the entire system. Heat losses
lead not only to rising tariffs but also to a deterioration in
the quality of services provided, which negatively affects
residents’ comfort levels. This is particularly acute in the
housing construction sector, as the potential for energy
savings over the course of a year approaches 400 mil-
lion Geal [3].

According to the conclusions presented by the au-
thors of the study [4], increasing the energy efficiency
of new construction projects has a negligible impact
on the cost of development. From a practical perspective,
the modernization of existing heating systems in residen-
tial buildings by replacing obsolete equipment appears
to be a more economically viable and rapid alternative to
the complete renovation of the housing stock. This meth-
od allows for a significant reduction in costs and time,
making it the preferred choice for most utility companies
and management organizations [5—7].

The study [8] analyses approaches to improving
the energy efficiency of heating systems in both existing

! Heat Supply to Settlements, Federal State Statistics Service.
2022. URL: https://rosstat.gov.ru/storage/mediabank/jkh3.
docx
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and planned residential buildings using advanced techno-
logical solutions. The results demonstrate that compre-
hensive modernization of heating systems can improve
their efficiency.

A comparative analysis of the percentage reduc-
tion in specific heat energy consumption has been car-
ried out [9]. The results presented include calculations
of the characteristics of a multi-storey building’s heating
system. Similar studies are cited in [10, 11].

The available types of residential heating systems
are examined [12]. It has been established that, thanks
to independent regulation of the heat supply, savings
on utility bills average between 20 and 30 %. Confirma-
tion of this research is also published in [13].

The issue of estimating the costs of constructing
heating networks has been examined, and a comparative
analysis of utility bills under various heat supply methods
has been carried out [14]. It has been found that central-
ized heat supply systems prove to be more expensive for
residents.

Currently, there is a growing trend towards the im-
plementation of energy-efficient smart heat supply sys-
tems [15]. It is well known that the most critical stage
in the development of such systems, as with all types
of heating systems in general, is the modelling process.
A series of publications [16—18] examines the creation
of a digital twin for a residential building’s heating sys-
tem with the aim of improving the efficiency of thermal
energy management. The use of the modelling process
makes it possible not only to save energy resources but
also to optimize responses in abnormal situations, includ-
ing emergency modes.

Of particular interest is the study [19], specifically
the conclusions highlighting the importance of introduc-
ing new heating appliance designs during the renovation
phase. The development of new heating appliance de-
signs remains a pressing task to this day. Modern energy
efficiency requirements dictate the need to create devices
with improved technical characteristics, such as high
heat output, durability and ease of installation. Solving
this problem requires the combined efforts of leading
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engineers and scientists capable of proposing innovative
technical solutions that can meet society’s growing de-
mand for high-quality and affordable thermal energy [20].
Computer modelling is a popular and cost-effective
method for analyzing the efficiency of heating systems.
Its widespread use is due to significantly lower costs
compared to real-world experimental studies, as physi-
cal testing requires the construction of equipment pro-
totypes. Among engineering software, we would like to
draw particular attention to the SOLIDWORKS design
system. This software meets all the requirements set by
the authors, namely, it allows for the modelling of heat
transfer fluid flow within a specific velocity range.

The aim of the study is to examine various original
designs of heating appliances and compare the results
with mass-produced equipment. This will help to better
understand how such devices work and improve their de-
sign to achieve maximum efficiency.

MATERIALS AND METHODS

The nature of fluid flow has a significant influence
on the efficiency of heat transfer processes. In the vast
majority of heating appliances, laminar flow is observed;
therefore, the amount of thermal energy transferred to
the room depends on the type of heat transfer fluid, its
properties, and the design features of the heating equip-
ment [21].

The assessment of heat transfer efficiency in tubu-
lar and duct systems is traditionally carried out using the
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Fig. 1. Standard heating radiator: /, 2 — collectors; 3 — sec-
tion; 4 — coupling

heat transfer coefficient. It has been established that
the Nusselt number increases in proportion to the in-
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Fig. 2. Drawings of the original radiators: « — radiator design with concave plates: /, 2 — manifolds; 3 — section; 4 — out-
let; 5 — inner pipe; 6 — turbulator; b — radiator design with spiral inserts: /, 2 — manifolds; 3 — section; 4 — coupling;

5 — inner pipe
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Fig. 3. Drawing of a radiator with disc inserts: /, 2 — collec-
tors; 3 — section; 4 — coupling; 5 — insert; 6 — axis

crease in the Reynolds number, indicating an increase in
the heat transfer coefficient with an increase in the Reyn-
olds number [22, 23].

Research by international experts [24—-26] demon-
strates that finning, the use of rough surfaces, and inserts of
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Fig. 4. Volumetric models of radiator sections: @ — with con-
cave plates; b — with spiral inserts; ¢ — with disc inserts;
d — standard radiator
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various geometric shapes help to increase the degree
of flow turbulence and, consequently, improve heat trans-
fer efficiency. In other words, the main objective of all re-
search is to develop heating appliance designs that com-
bine an optimal balance between mass-to-volume ratios
and the heat transfer coefficient — the primary indicator
characterizing the efficiency of a heating appliance [27].

All methods of influencing the heat transfer fluid
flow can be divided into two broad categories: active and
passive [28].

The essence of active methods lies in influenc-
ing the equipment rather than the flow. By “influence”
is meant the generation of vibrations, magnetic fields
or acoustic fields [29].

Passive methods include those that directly influ-
ence the heat transfer fluid flow. To achieve this, the de-
sign of both the radiator and its channel is modified,
i.e. inserts of various geometric shapes are installed. In
the scientific literature, such inserts are referred to as tur-
bulators [30, 31].

Thus, the selection of the optimal method for inten-
sifying heat transfer must take into account the specif-
ics of the particular system and the desired heat transfer
parameters.

RESEARCH RESULTS

Multi-section radiators are traditionally used in
heating systems. Their appearance and design are shown
in Fig. 1.

This type of radiator has gained popularity due to
the simplicity of its design and manufacture, as no spe-
cialized equipment is required. Because of this, the pa-
rameters (height, diameter, etc.) of the radiators can vary
depending on technical specifications or customer re-
quirements. An undeniable advantage is ease of mainte-
nance, which is particularly important in dusty rooms and
industrial settings. As for the drawbacks, the main one to
note is the low degree of heat transfer fluid turbulence.

To address this issue, three original designs were
developed based on a standard heating radiator [32-35]:

« aradiator with concave plates (Fig. 2, a) [33];

» with spiral inserts (Fig. 2, b) [34];

« with disc inserts (Fig. 3) [35].

It is important to note that the plates (see Fig. 2, a)
are mounted at a specific angle to one another, forming
rows. The distance between these rows is calculated in
such a way as to ensure constant turbulence in the cool-
ant flow, which promotes better heat exchange.

In radiators with disc inserts (Fig. 3), turbulators are
positioned inside the vertical channel, providing addi-
tional surface area for heat exchange. This design enables
the efficient transfer of thermal energy from the coolant
to the surrounding environment.

Further research involves the creation of computer
models of the channels in the original designs and a mod-
el of a standard heating appliance (Fig. 4), followed by
an analysis of the results of the coolant flow simula-
tion. This task was successfully accomplished using
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Fig. 5. Results of thermal tests: / — radiator with concave plates; 2 — radiator with spiral inserts; 2" — calculated values
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Fig. 7. Experimental setup: @ — schematic diagram; b — external view; / — overflow; 2 — constant-level tank; 3 — mixing
device; 4 — electric boiler; 5 — valve; 6 — circulation pump; 7 — valve; 8§ — radiator; 9 — measuring vessel; /0 — valve;
11 — heat exchanger for primary water treatment; /2 — filter; /3 — temperature measuring device; /4 — valve

Fig. 8. External appearance of the turbulators
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the SOLIDWORKS suite, as it is a powerful 3D model-
ling tool widely used by engineers and designers to cre-
ate high-precision digital prototypes of products. When
it comes to modelling heat transfer fluid flows in heat-
ing radiator channels, SOLIDWORKS offers numerous
advantages that make it the ideal choice for such tasks.
Choosing this software allows engineers to create accu-
rate digital prototypes, carry out comprehensive calcula-
tions and optimize radiator designs, leading to improved
efficiency and durability.

Determining the numerical value of the turbulence
coefficient involves simulating the flow of the coolant at
various speeds.

The Reynolds number was determined at coolant ve-
locities ranging from 0.5 to 1.5 m/s for all types of struc-
tures, respectively. The results are shown in Fig. 5.

The results show that the dependencies increase lin-
early with increasing coolant velocity. The higher the velo-
city, the greater the efficiency. Furthermore, as the veloci-
ty increases, the gap between the original equipment
and the standard version widens. Thus, at a velocity of
0.5 m/s, the difference in Re numbers is 3, whilst at a ve-
locity of 1.5 m/s, the Re number is on average 850 higher.
Peak Re values and the maximum rate of their increase
are recorded as the velocity increases during simulation
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Thermal engineering studies

Parameter

Experiment number

2 3 4 5 6 7

Outdoor air temperature, °C +8

+5 0 =5 -10 -15 -17

Temperature in the heating circuit supply pipe, °C 43

47.7 56.9 65.6 74.1 82.3 85.0

Calculated value of the mean temperature head,® C 3.54

4.94 6.57 8.9 9.9 10.8 12.43

Reynolds number, Re 631

878 1,112 1,418 | 1,694 | 1,775 1,983

Heat transfer coefficient of a standard radiator,

W/(m?-°C) 1,992

2,203 | 2,377 | 2,643 | 2,820 | 3,054 3,187

Heat transfer coefficient of the original radiator,

W/(m?-°C) 2,032

2,234 | 2,456 | 2,687 | 2,898 | 3,066 3,249

Calculated heat transfer coefficient of the original

radiator, W/(m?-°C) 2,084

2,303 | 2,522 | 2,743 | 2,982 | 3,194 3,372

Discrepancy between experimental and calculated
heat transfer coefficient data for the original

radiator, % 2.6

3.1 2.7 2.1 2.9 4.2 3.8
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Fig. 9. Results of experimental studies

experiments on the flow in a section equipped with spiral
components.

To verify the accuracy of the obtained data, a com-
parative analysis of the Reynolds number values was
performed for a standard tubular heat exchanger and
a heat exchanger with an integrated spiral insert. These
parameters were modelled using computational methods.
The calculated values are shown in Fig. 5 as a dotted line.

Calculations of the average turbulence intensity
were carried out based on the results of heat transfer fluid
flow simulations in specialized computational fluid dy-
namics software packages, such as the Flow Simulation
module of the SOLIDWORKS package (Fig. 6). The av-
erage absolute velocity was calculated as an integral over
the entire cross-sectional volume of the radiator tube.

The data obtained were displayed graphically as
heat transfer fluid particle trajectories, where each path
is coloured according to the local turbulence intensity.
The colour palette was selected to clearly reflect the gra-

dations in intensity, allowing for a visual assessment
of the differences between various radiator designs.

The results showed that the turbulence intensity was
lowest for the standard radiator, at 2.5 %. The highest
turbulence intensity of 5 % was achieved by using spiral
inserts in the radiator.

To confirm the results of the computer modelling,
comparative experimental studies were conducted on the ra-
diator with spiral inserts and the standard radiator. For
this purpose, the specified radiators were integrated into
the experimental setup (Fig. 7), designed in accordance
with GOST R 53583-2009. The standard radiator was
used as the reference, and the radiator with spiral inserts as
the test specimen.

Prior to conducting the experimental studies, spiral
turbulators were manufactured and installed. Their ap-
pearance is shown in Fig. 8.

The experiments were carried out using water as
the hot heat transfer fluid and air as the cold heat transfer

187

(6G) L ONSS| QL JO] Henconraiusaneras



Science :ﬁlt:lnftll::glii':::l: Vol. 16. Issue 1(59)

Nikita Yu. Savvin, Tatiana N. llyina, Ruslan V. Lesovik, Valeria V. Strokova

fluid. During the experiments, the water temperature varied
between 50 and 85 °C. The air was at room temperature, ap-
proximately 20 °C. The experimental design correlates with
the temperature profiles of the heat source and the consum-
er for low-temperature heat supply systems in the Belgorod
Region. An important component of the laboratory setup
shown in Fig. 7 is the ‘RUSNIT’ electric water heater (5 kW),
the maximum outlet temperature of which is 87 °C.

Consequently, the temperatures of the network wa-
ter in the supply and return pipes, measured at an out-
side air temperature of —17 °C, will be the final values in
the experimental studies (85, 64 °C). In a series of exper-
iments, the heat transfer fluid temperatures were exam-
ined at the following outdoor air temperatures, °C: —15,
-10,-5, 0, +5, +8.

The results of the experimental thermal studies
of the two radiators are presented in the Table.

The results of the experimental studies are shown
in Fig. 9.

The graph shows that the heating unit with spiral in-
serts is on average 3 % more efficient than the standard
model. The results of the studies suggest that energy-
efficient equipment is less prone to wear and tear, and
consequently has a longer service life.

The temperatures of the heat transfer fluid in the heat-
ing and heated circuits were determined using the “Vzlet
TSRV-042” heat calculator with the “Vzlet TPS Pt500
L70” temperature sensor. Reference readings were re-
corded after 15 minutes, i.e. during steady-state operation.
The relative error in temperature measurement is +0.2 %

The heat transfer fluid flow rate in both circuits was
determined using the “Vzlet TSRV-042” heat calcula-
tor via the “Vzlet ER LightM 440L V” electromagnetic
flow meter (nominal diameter 15 mm). The relative error
of the “Vzlet ER LightM 440L V” electromagnetic flow
meter is £0.5 %.

The final stage of the research involved assessing
the impact of the developed radiator design on the life

cycle of the heating system. Thanks to the high heat
transfer coefficient, the system’s energy efficiency is
improved, reducing energy consumption and lowering
operating costs. The increased reliability and durability
of the design reduce the need for repairs and mainte-
nance, which further lowers costs throughout the entire
service life. Ultimately, this design contributes to the op-
timization of the heating system’s operation, improves its
overall efficiency and extends its service life.

CONCLUSION AND DISCUSSION

The development of new energy-efficient heat ex-
change equipment helps to reduce heat energy consumption.

The residential construction sector faces significant
heat loss issues, offering high potential for thermal en-
ergy savings.

Improving the energy efficiency of residential buil-
dings is possible through the modernization of existing
heating systems, which is preferable to the complete
renovation of buildings.

The efficiency of a heating appliance depends di-
rectly on the turbulence coefficient; the higher the turbu-
lence intensity, the higher the efficiency.

As the efficiency of heating appliances improves,
their cost and physical dimensions will decrease.

Research has shown a direct correlation between heat
transfer efficiency and turbulence intensity, with the intro-
duction of special turbulence-inducing inserts (such as spi-
ral elements) enabling the average turbulence intensity to
be almost doubled compared to traditional models. This
approach opens up prospects for further improvements to
the design of heating appliances, aimed at increasing their
energy efficiency and reducing operating costs.

It is important to continue modernizing existing
heating systems to achieve greater energy efficiency and
reduce costs.
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