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NCCAEAOBAHME TEIINIOMACCOIIEPEHOCA B KAHAZE
C OPEBPEHMEM HA OCHOBE TPMXKAbI ITEPTOANYECKON

MUHVMA ABHOW IMTOBEPXHOCTU

STUDY OF HEAT AND MASS TRANSFER IN A CHANNEL WITH FINS BASED

ON A TRIPLY PERIODIC MINIMAL SURFACE

Ipedcmasaena memoduxa uccaedo6arus MenAoMaccone-
peHoca 6 KAHAAAX MenA000MeHHBIX YCmpoticms, 20e AL
UHmMeHCUPUKAYUY MenA000MeHa UCnoAb3Yytomcs pebpa,
6DINOAHEHHDIE 6 PopMe HPUXKOILl NEPUOOUHECKOT MUHU-
Marvioir nosepxrocmu (TPMS om arza. «triply periodic
minimal surface») Lleapua Primitive. Pewerue 3adauu
MEeNAOMACCONEPeHOCA OCYULeCBASCNCS. MemodomM  Ko-
HeuHblx aremenmos 6 mooyae Fluent npozpamamrozo
Komnaexca ANSYS. B pabome paccmampusaemcs 6Au-
AHue HAUAALHOI CKOpOCHIY HOMOKA, A MAKIKe MOAUUHDL
TPMS-pebep na nomepu dasAeHus u memnepamyprole
xapaxmepucmuxu nomoxa. Vccaedosarue 1noxasano,
uymo TPMS-opebpenue cnocobcmeyem unmencupuia-
yuu menioobmena u cosdaem mypoyAeHmrvie meueHus
6 nenocpedcmeetinoti 0ausocmu k TPMS-kapxacy. Tlo-
mepu 0aéAeHUs 6 KAHAAL YECAUHUBAIOMCS 110 CIEHEeHHO-
MY 3AKOHY NpU YeeAUHeHUU HAAALHOL CKOPOCTIU 11010-
xa. Tloayuernvie 6 pamxax uccA006aHUsl pesyAbmanmol
Jdemorcmpupytom nomenyuar npumenernus TPMS
6 MeNACOOMEHHDIX YCMPOLCMEaX U OMKPLIEAIon MHO-
Kecmeo nepenexmus OAsl OGAbHeHULUX UCCACO06AHUIL.

Karoueswie caoea: TPMS, menromacconepetrioc, ope-
Operiue, Memod KoHeurvix aremermos, ANSYS

BBeaenmne

OgHoit 13 raaBHBIX Iledell COBpeMeHHON MH-
SKeHepUM SIBASETCSI COKpallleHIe BRIOPOCOB 3arpsis-
wnomux serects (NO, SO,, CO, CO,), csa3aHHbIX
CO CKUTaHVEM TBEPABIX U XKUAKUX TorAuB. Karoue-
BBIM (DAaKTOPOM B pelleHNN IIPO0AeMbI BBIOPOCOB

Presents a methodology for studying heat and mass
transfer in the channels of heat exchange devices, where
fins made in the form of a Schwarz Primitive triply
periodic minimal surface (ITPMS) are used to intensify
heat transfer. The solution of the heat and mass transfer
problem is carried out using the finite element method
in the Fluent module of the ANSYS software package.
The work examines the influence of the initial flow
velocity, as well as the thickness of the TPMS fins on the
pressure loss and temperature characteristics of the flow.
The study showed that TPMS fins enhance heat transfer
and create turbulent flows in close to the TPMS frame.
The pressure loss in the channel increases according to
a power law with increasing initial flow velocity. The
results obtained in this study demonstrate the potential
of using TPMS in heat exchange devices and open many
prospects for further research.

Keywords: TPMS, heat and mass transfer, fins, finite
element method, ANSYS

BpeAHBIX BeIeCTB SBASeTCS MCIOAb30BaHME BO3-
OOHOBAsI€MBIX MCTOYHMKOB DHEpruyu (CoAHedHas,
BeTpoBasl, TeoTepMaabHas u ap.). OgHaKo B HacToO-
sIIee BpeMs IIpU 404€e BO300HOBASEMBIX MCTOYHM-
KOB DHEPIUI B MMPOBOM DHEPreTHueckoM DasaHce,
He nipesprmaromnieit 30 % (20 % B Poccym), Goaee
NepCIIeKTUBHLIM HaITpaBAeHueM sBASeTCs paspa-
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6oTKa HOBBIX D(PQPEKTUBHBIX pelleHuit B 004acTu
KOHCTPYMPOBaHI:I TEILA000OMEHHBIX YCTPOMCTB, pe-
KyTIepaTUBHBIX CUCTeM, KaTaAU3aTOPOB 1 T. 4.

Ha ceroamsmmmit geHp Bejercs paspaboTka
OTPOMHOIO YlMCAa TEXHO/AOTUI, KOTOpbIe II03BO-
AsI0T 3HaunTeAbHO TTOBBICUTH KIT/ mcrounmMkos
u norpeduteset sHeprum [1-9]. D10 MOXeT OBITH
AOCTUTHYTO ITyTeM ONTUMM3aIlMy KOHCTPYKIIUIA,
MCIIOAB30BaHlMsA HOBBIX MaTepualoB C BLICOKOIA
TeILA0IIPOBOAHOCTBIO, peKyIlepalluy Terla U3 OT-
XOASIIIVX Ta30B, IIPUMEHEHNUsI KaTaAu3aTOPOB A5
6o4ee MOAHOTO CrOpaHMs TOILAMBA M OOpabOTKU
OTXOASIINX Ta30B VM OYNCTKM MX OT 3arpsA3Hs;IO-
VX BEIeCTB, a TakKe BHeApeHIsT 9(PPeKTUBHBIX
ClCTeM yIIpaBAeHMsI IIpolieccaMyt CoKMTaHM.

OrgeapHO CTOUT OTMETUTh pa3HOODOpasue
II0AXOA0B K CO3AaHUIO TeIL1000MEeHHBIX YCTPOIICTB
u pekynepatusHbix cucteM [10-17]. TTomumo Ha-
YUHBIX MICCA€A0BaHNIT B 001aCTV COBEPIIIEHCTBOBA-
HMS KAaCCUYeCKUX BIAOB TeILA00OMEeHHMKOB, Ta-
KMX KakK I1acTHHYaThIe, KOXKYyXOTpyOHEBIe, «TpyDa
B TpyOe», MOABASIOTCSA COBEPIIIEeHHO HOBLIE BUADI
TEIIA000MEHHBIX YCTPOJICTB, B TOM 4YMCAE: MUKPO-
U HaHOKaHa/bHBIe Ter11000MeHHMKN [18, 19], rpa-
(dpenosple Terra000menHnky [20] u Ap.

Aas nHTeHCUPUKAIUU TeIL1000MEHHBIX IIPO-
11eCCOB B BhIIIIeNepeurCAeHHbIX YCTPOICTBax IIpu-
MEHSIEeTCSI MHOKeCTBO MeTOAOB, K KOTOPBIM OTHO-
cATca opeOpeHUe IIOBEPXHOCTel, TypOyAmM3aljus
noroka u Ap. CozagaHue JOMOAHUTEABHOTO Ilepe-
MeIMBaHNs TIOTOKOB U yBeAndeHue KospQpuiu-
eHTa TeIlaoIlepeJauyt OOBIYHO OCYIIeCTBASETCA 3a
cJyeT IMPOJAOABHBIX MAM IIOIIepeuHBIX pedep, pac-
IOAOKeHHBLIX Ha TelA1000MeHHBIX ITOBepPXHOCTSIX.
OaHaxo B yCAOBUAX CTPEMUTEABHO Pa3BUBaIOIIero
TeXHOAOTUYECKOTO IIPOTPecca C IOABAeHIeM BBICO-
KOTOYHBIX 3D-IpUHTEPOB, MO3BOASIOIINX IIPOM3-
BOAUTH OOBEKTHI KaK M3 I1AaCTHKa, TaK U 13 MeTal-
Aa, CTOUT OOpaTUTh BHMMaHMe Ha 0oJee CAO0KHBIe
n 9QPeKTUBHBIE CTPYKTYpPHI, TaKie KaK TPYIKABI
IepruoAndecKrie  MUHUMaAbHBIE  IIOBEPXHOCTHU
(TPMS, ot anra. triply periodic minimal surface).

TPMS — 9TO 1OBEPXHOCTY MUHIMAABHON DHEpP-
Iy, KOTOpBble AOKAABHO MMHUMMBUPYIOT —CBOIO
I40I1aab U IIOBTOPSIOTCA B TpeX OPTOIOHAABHBIX
HarpasaeHsx. OaHoit u3 ocodenHocret TPMS, no-
3BOSIONIEN IPUMEHATh UX B Pa3AMYHOIO poJa Te-
I11000MEHHBIX YCTPOJNCTBAX, ABASETCS CIIOCOOHOCTH
AeANTDb IPOCTPAHCTBO Ha ABa 1AM 0oJee Herlepece-
Kartorruxcs: oosema. Kpome Toro, 6aarogapst csoeii
crpykrype TPMS obecrieunBaioT BBICOKYIO IPOY-
HOCTb KOHCTPYKIIUIA, @ TakKe DOABIIYIO CyMMapHYIO
I110I11aAb TeI1000MeHa ITpY MUHMMAaABHOM OObeMe.
MuoxecTBO paloT, IOCBSIIEHHBIX MCCAEAOBAHMUIO
TPMS, moarsep>xAaroT AaHHbIe csoricTsa [21-28]. Tax,
HaIpumMmep, B pabote [27] Ipy IIOMOIIM IVMCAEHHOTO
MOZeAVPOBaHMs ITPOBOANUTCS  MOPQOAOTMUECKIIA
aHaAM3 AAs YCTaHOBAEHNS CBSA3U MeXKAy reoMeTpu-
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geckumy napamerpamy TPMS-perreTok u xapaxre-
PUCTMKaMM IIOPUCTOM CTPYKTYpPHI (COIPOTMBAEHIE
IIOTOKY, TerLiorepejada M IIPOYHOCTL). A B CTaThe
[28] uncaeHHO 1 HKCIIEpPUMEHTAaABHO OIPeAeAsIOTCs
MexaHndeckue cporictea TPMS-pertietok, m3roros-
AeHHbIX Ha 3D-mpuHTepe. ABTOpPBHI IOKa3aAu, 4TO
TPMS-maTepuaabl 004a4a10T IPEBOCXOAHBIMU IIPOY-
HOCTHBIMM CBOJICTBaMM I1O CPaBHEHMIO C APYTVIMM pe-
IIIeTYaTBIMM CTPYKTYPaMIU M MOTYT OBITh MCIIOAB30-
BaHBI B KayecTse KOHCTPYKIIMOHHBIX MaTep1asoB.

B Hacrosmeit paboTe mpesaoskeHa MeTOAVIKa
pacuéra Tera000MeHHOrO ycrporictsa ¢ TPMS-na-
IIO/HEHMeM Ha OCHOBE BBIYVMICAUTEABHOTO BDKCIIe-
pumenta B ANSYS Fluent. B kauectBe mpumepa
paccMaTpuBaeTcs yJacTOK TeILA00OMeHHIKa, B KO-
TOPOM AAs MHTeHCUUKAIMU TeIl1000MeHa Hpu-
MEeHIOTCA pedpa B (popMe TPIDKADI ITePUOANIECKOI
MMHMMaAbHOM rosepxHocty IIsapria Primitive.

MeToa0a0rmst

Ha puc. 1 nsobpakeH ®aeMeHTapHEI Dae-
MEHT (®AeMeHTapHas s4eliKa) MCcCAelyeMOo
TPUKABL IIEPUOANIECKOI MUHIMA/BHOM ITOBEPX-
noctu IllBapma P, a taxxke pemrerka, obpasyio-
IasCcs B pe3yabTaTe KOIMPOBaHUs (TPaHCASIIINIL)
SI9EHIKM B TPeX OPTOTOHAAbHBIX HalIpaBAEHIUAX Ae-
KapTOBOIJI CCTeMBI KOOpAMHAT.

MHO>XeCTBO CYIIeCTBYIOLIUX TPUKABI IIEPUO-
AVYeCKMX MUHMMAaABHBIX IIOBepXHOCTell oOaada-
IOT KyOMYecKoil CuMMeTpHuell. DTO O3HadaeT, uTo
rpu 1osopoTe suetiku Ha 90 Tpag BOKPYT 4100011
13 Ocell CMMMeTpUM, U300paskeHHBIX Ha puc. 1,
Hab104aeTcs TI0AHOe COBIIaJeHle BCeX TOUeK MC-
caeayemorii 06aacTim.

IIpn paccMoTpeHUN »AeMeHTapHON AYEVIKI
MO>KHO OIIpeeANTh ABa XapaKTepHBIX TeOMeTpirde-
CKHX ITapaMeTpa: TOAIIIMHA CTEeHKHU sTYeliku & U pas-
Mep KyDa, TAe pasMmep KyDa ompeseaseTcs: AANHOM
pebpa a »aeMeHTapHOI KyOndecKoi sdefiKi. DTu
ITapaMeTpsl BAVIOT Ha XapaKT€pPUCTUKM IIOTOKa
u OyAyT BapbMPOBATLCS B IIpOIlecce 1CCAe 0BaHIL.

Kak 06p110 ckasaHO paHee, 6oabpmmHcTBO TPMS
AeAST IIPOCTPaHCTBO Ha ABa 1AM OoJee HeTlepeceKa-
omuxcst oobema. Ha puc. 2 mpeacraBaeHbl BHeIl-
HUI 11 BHYTPeHHMI 0OBEeMEI, Ha KOTOPBIE AeAUT IIPO-
CTpaHCTBO AeMeHTapHas saeiika TPMS IIsapria P.

B pamkax mccaejoBaHMs paccMaTpUBaeTCs
3ajaua Tell.l0MaccoIepeHoca B KaHale, 3aIl0AHeH-
HOM MOPUCTO CTPYKTYpPOIi, ocHoBaHHOI Ha TPMS
[Isapua P, koTopast BKAI04aeT B ceOs pereHne oc-
HOBHBIX AU PepeHITalbHbIX YpaBHEHNI: coXpa-
HeHus Maccel (1), mmnyanca (2) u sHepruu (3).

%’+v-(pu)=o, (1)

P %’;@ VU |=-Vp+ V0 + % UV (V-0)+Fs, (2)
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C(pE - = -
7(({; ) +V-(U(pE + p))=V(kVT +(z-0))+S,, (3)
t
TAe p — MAOTHOCTE; ¢ — BpeMs; U — CKOPOCTS; [ — AU-
HaMmIJecKas BSI3KOCTh; F', — 00beMHasl C11Aa; E-mnoa-
Hasl SHepIIsI e AVIHULIBI MacChl; p — JaBAeHNe; T — TeH-
30p HaIpsKEeHUI CABUTa; Sg — VICTOYHUK DHEPIMIL.
OaHako MOAYyYUTH aHAAUTHYECKOE pellleHye
cucreMnl ypasHeHmi (1) — (3) ¢ yuéToM CAOXKHOI

z

reomerpun syeriku HIBapra P kpaiine ca0>KHO.
[TosTOoMy A4s1 perieHus 3a4aun UCIIOAb3YeTCs YIC-
AeHHBIV MeTO/, KOHEYHBIX 91eMeHTOB, peaAn3oBaH-
HBIII B IIporpaMMHOM Komririekce ANSYS Fluent.
l'eomeTpmueckast MOZeAb U KpaeBble YCAOBUS A4S
YICAEHHOTO PeIleHns 33429l TeIL10MaccOIepeHo-
ca B mopucroit TPMS-cpeae nsobpaskens! Ha puc. 3.

Ha Bxose B KaHaa TeMIepaTtypa >KMAKOCTHU
cocrasaset T, =300 K, a HayaapHast CKOPOCTH I1O-

Puc. 1. TPMS IlIsapua Primitive

BHyTpeHnuii 06bem

d

BHewnui 06pemM

Puc. 2. Pazgeaenne npocrpanctsa TPMS crenkoit

T.x=700 K

80 mu

100 MM

Puc. 3. Cxema 3agaun
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TOKa m3mensiercst B ananasone ot 0,01 20 1 m/c.
CpoiicTBa XXMAKOCTU U MeTaadda, U3 KOTOPOTO
U3roTosAeH KaHaa u TPMS-pemieTka, ipeacras-
aensl B Tabaune. Ko BceM OOKOBBHIM ITOBEPXHO-
CTSIM Ha ydJacTKe, TAe pacloJo>KeHa IopucTras
TPMS BcTaBKa, IpUMeHseTCs I'PaHUYHOE yCAO-
Ble IIepBOrO poga Ipu TeMmIepaType CTeHKU
T . =700 K. ViccaeaoBanue TedyeHUs KUAKOCTH
B KaHaJe BBLIIIOAHseTCA IIPU ABYyX KOMOMHaIMAX
reoMeTpu4eckx IlapaMeTpOB HJeMeHTapHOI
sS4erky, a UMeHHO: 4 =20 MM, O =1 MM U a =

20 MM, O =2 mM. Takum oOpasom OIleHMBaeTCs
BAUsHNME TOALIMHLI CTEHKU s4YeNKM Ha XapakTe-
PUCTUKHU IIOTOKA.

ITpocrpancrBenHast ceTka AA4s pelleHUs 3a-
Aadll MeTOAOM KOHEUHBIX D/1eMeHTOB M300pake-
Ha Ha puc. 4. Ilpu ee mocTpoeHnu MUCIOAb30Ba-
AVICh T€KCarOHa/AbHbIE HAE€MEHTHI, IIOCKOAbKY OHI
IIO3BOASIIOT IIOAYYUTL OOJee TOYHOe pellleHye
1 OBICTPYIO CXOAMMOCTb B paccMaTpuBaeMOIl Te-
OMeTpMYecKol 004acTy O CpaBHEHMIO C TeTpas-
ApaAbHOMI U Ky61/1qec1<017[ CEeTKOI1.

CsoiicTBa nccaesyeMbIX MaTepUaaOB

MaTtepua TeraonpoBoAHOCTS, YaeapHas TernaoeMKocTh, | I1aoTtHOCTh, | Bsskocts,
reprad Bt/(Mm-K) Ax/(xr-K) Kr/m? KI/M-C
Boaa 0,6 4182 998,2 0,001003

AaroMyHMIN 202,4 871 2719 -

Puc. 4. Cerxa

B Xxoae mmocTpoeHns ceTkn 6614 IIpOBeEH aHa-
AW3 CeTOYHOI CXOAMMOCTH (puc. 5) 1 onpeseaeHo,
YTO ONTMMAaAbHBIM SBASIETCS pellleHMe Ha ceT-
Ke, cocrosmen u3 4 — 4,5 MAH. s9eeK, ITIOCKOABKY
JaabHeiilllee yBeAldeHe KOAMJecTBa D1eMeHTOB
3HaYMTeAbHOTO BAMSAHM Ha TOYHOCTD PellleHN s He
OKa3bIBaeT, HO CUABHO YBeANINBaeT AAUTEAbHOCTD
U CAOKHOCTD pelleHNsl.

Ilpu yncaeHHOM pelleHNM 3a4a4l TeraoMac-
collepeHoca B 1CCAeAyeMOl IPOCTPaHCTBEHHOI
00aacTu IIpy IIOMOIIIY MeTO/a KOHEUHBIX D/1eMeH-

I
S

©
S

60

50

OTHOCHTEITBHAS TOYHOCTD PellicHHS, %

40
500000

1500000 2500000 3500000 4500000

KomruecTBo fueek ceTKH

5500000 6500000

Puc. 5. CxoauMOCThb C€TKI
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TOB B IporpaMMHoM KoMIiaekce ANSYS 6b1a nipu-
HAT Ps14, AOIYIIEeHUIA:

1. CpolicTBa MaTepnaA0B NOCTOSHHEL U HE 3a-
BICSIT OT TeMITepaTypHL.

2. TemaooOMeH depe3 CTeHKM KaHala OTCYT-
CTBYeT.

3. Ilpornecc cTaijoHapeH, T. €. CKOPOCTh, AaB-
AeHUe U ApyIue IapaMeTphbl He U3MEHAIOTCA CO
BpeMeHeM.

PesyabTaThl

ITpu aHaamM3€e pe3yAbTaTOB YMCAEHHOTO MOJe-
AVMPpOBaHNS TeIl10MaccollepeHoca B KaHale C KBa-
ApaTHBIM CedeHMeM, B KOTOpOM Oblaa pa3MeleHa
BCTaBKa B (pOpMe TPIKABI IepUOANIeCKO MUHU-
MazabHOI ToBepxHocTu IllBapiia Primitive, Opr10
OOHapy>KeHO HeCKOABKO KAIOYeBLIX IMAPOAMHa-
MMYECKIX U TETLAOBBIX 3aBUCHMOCTEIL.

IToaygyennsle KOHTyphl ckopoctu (puc. 6)
U TeMmIlepatypsl (puc. 7) AeMOHCTPUPYIOT pac-
IpeJeJeHne STHUX IapaMeTpPOB IIO BCeMYy KaHa-
ay. AnHaamus mpoduaeil CKOpOCTM IIOKa3bIBaerT,
9YTO 30HBI TYpOYA€HTHOTO TeYeHMs BO3HUKAIOT
B 0021acTsX, HEINOCPeACTBEHHO IIPUAETalOIINX
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kx TPMS-kapxacy, 4T0 criocOOCTBYeT MHTeHCU)U-
Kaluy Ter1000MeHa.

Ha ocHoBe 4mcieHHOTrO BKCIIepUMeHTa IIO-
Ay4eHBl 3aBMICUMOCTY IOTePDb JaBAeHUs B KaHale
U TeMIIepaTyphl BOABI Ha BEIXOA€ 13 KaHala OT Ha-
4aAbHO CKOPOCTM MOTOKa (puc. 8).

Iloaydennrre rpadpuKy MAAIOCTPUPYIOT, YTO
IoTepy JaBAEHMs YBeAWIMBAIOTC C yBeAudeHreM
HavyaAbHON CKOPOCTM IIOTOKA ITO CTEIIEHHOMY 3aKO-
Hy. PocT morepp AaBAeHMsI B IIOTOKe XKMAKOCTY 00-
YCZ0BA€EH yBeANdeHIeM TPeHMSI MeXAY KIAKOCTBIO
U CTeHKaM! KaHa/a, a TakoKe yBeArrdeHrieM BHyTpeH-
HeTo TpeHMs B XXMAKOCTI. Kapkac Ha ocHOBe TpInK-
ABI TIEPMOAVMECKON MUHIMAABHON ITOBEPXHOCTU
IIBapiia P BHyTpM KaHala MpUBOAUT K BOZHUKHO-
BEHUIO CAOKHBIX TypOYAeHTHBIX TeueHII, KOTopble
MPUBOAAT K AOTIOAHUTEABHBIM IIOTEPSAM JaBAEHIIS.

Obnapy>keHHbIe 3aBUCHIMOCTI COOTBETCTBYIOT
TEOpeTUYeCKM OXMAAHMAM U TIOATBEPKAAIOT
BO3MOJKHOCTH Hcroab3oBanusa TPMS Illsapna P

0=1mm

v =0,1 mlc
I/ \VJ \J U\

K]

Puc. 6. KonTypsl paciipeseaenns teMIeparypbl

a
4 365 : 18000
5 Tw) / S
g 355 - APW) ~Z— 15000 E
= 7 B
=345 v 12000 o
2. / :
8 335 \ 2 9000 &
[+
g 325 pras 6000
[
g, - =
g 315 < 3000 &
£ /,\/*\__‘_ﬁ_ &
B 305 l—=x 0

0 02 04 06 08 1

HauanbHast CKOpOCTb MOTOKA, © M/C

AAs yHTeHCHpuUKauum TeraoooOmena. [loaygen-
Hble pe3yAbTaThl IIO3BOASIOT IIPOTHO3UPOBAThH
ITOBeAeHe CUCTEMBI IIPM Pa3AMYHBIX Ha4aAbHBIX
CKOPOCTSIX ITOTOKa, YTO MOKeT OBITh IT0A€3HO IIpU
IIPOEKTUPOBAHNI TeILA000MeHHBIX cucreM. Ha-
IIpuUMep, B CUCTeMaX MacCAsTHOTO OXAaKAeHMS Typ-
OUH, B aBTOMOOMABHBIX TEIIA000MEHHUKAX, CICTe-
MaX TeT/10CHAOXeH!s U AP.

IToaydyeHHBIe pe3yAbTaThl MOTYT OTAMYATHCS
B 3aBMICMOCTH OT KOHKPETHBIX ITapaMeTpOB U yc-
AOBUII DKCIIEPMMEHTA, BKAIOYasl MaTtepual 1 reo-
MeTpPHIO BCTaBKI, a TAK>Ke CBOJCTBA MICIIOAb3yeMOI]
JKMAKOCTI. BMecTo BOABI B 4aHHOM KaHaJe MOJKeT
IIpOTeKaTh A100as1 Apyras KMAKOCTb 1au ras. ITo-
BTOMY 11eAbIO AaAbHEMIINX MCCAeA0BAaHUI B STOM
HallpaBAeHNM OyJeT oIlpejeleHNe yHMBEpCaAb-
HBIX 3aBUCHMOCTEN, MO3BOASIOMINX OIpeAeAUTh
IMAPOAMHAMIYECKIe VI TEIIA0Bble XapaKTepUCTU-
KI1 ITOTOKA B 3aBMICMMOCTHM OT XapaKTepPHBIX TeoMe-
TPUYECKMX ITapaMeTPOB ¥ I'PaHIYHBIX YCAOBUIL.

v =0,01 m/c

0=1mm
Al o

=3

T . 5

% COO=SSNNNWWAANNNDANN §
LohrohNmnowNmnOoRoNOOR

El

Puc. 7. KonTypsl paciipeseaenins CKOpocTi

0
. 353 = 10500
o LV i 1)) 7
=1 T
g 345 \ - == 4P() {8750 =
2 \ % S
g 337 \ = 7000
4 =

% 329 s 5250 2
B~ \ e =
g8 321 z 3500 X
& - )
= i o
g 313 e~ 1750 E
8 305b—== —0

0 02 04 06 08 1

HawaneHag CKOpOCTH MOTOKA, O M/C

Puc. 8. I'padpukm 3aBMCHMOCTY TeMIIEPATypPhl U IIOTePb AaBAEeHM:sI OT Ha4aAbHOM CKOPOCTHM ITOTOKA:
a-npua=20mm,0=2MM; 0 —npua=20 MM, 0=1MM

3akaoudeHne

B craThe mpeAcTaBaeHa MeTOAMKa OIpesee-
HUA II0A€eil TeMIIepaTyphl U CKOPOCTM B KaHaje
¢ TPMS-opebpennemM Ha OCHOBE BBIUMCANTEABHO-
ro skcriepumenta B ANSYS Fluent.

53

B xoae mccaeaopanms TemaomacconepeHoca
B KaHale C KBaJpaTHBIM CeYeHMeM, BHyTpU KOTO-
POTO pacloAOXKeHa BCTaBKa I3 TPVDKABI II€PHO-
AMYEeCKIX MMHMMaAbHBIX mHosepxHocteit IIsapra
Primitive, 6b141 ITOA1y4JeHBI 3aBMCUMOCTH XapaKTe-
PUCTUK IIOTOKAa OT TeOMeTPUYecKuX IlapaMeTpoB
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TPMS-pemerxn. [lokasano, 4To rnorepu JaBAeHNs
B KaHa/e yBeAMIMBAIOTCs II0 CTeIIeHHOMY 3aKOHY
IpU yBeAUYEeHMN Hada/lbHOM CKOPOCTM IIOTOKa,
a TeMIlepaTypa BOABI Ha BBIXOJe M3 KaHada CHU-
>KaeTcsl. DTO CBUAETEABCTBYET O CAOXKHON IpUpPO-
A€ B3auUMOJENCTBUsI IOTOKA C IIPOCTPaHCTBEHHON!
CTPYKTYPOII BCTaBKM, YTO OTKPLIBaeT IIMPOKIE BO3-
MOKHOCTU AASl AAABHEMIINX MCCAeAOBAaHUIL 1 OII-
TUMU3AIUN IIPOIIeCCOB TeIl10MaccollepeHoca.
PesyabTatsl 1ccaea0BaHIS AeMOHCTPUPYIOT TTI0-
TeHIIMaA ITpMMeHeHNsT MIHIMaAbHBIX IIOBEpXHOCTel
[Isapra Primitive B 064acty Ter1000MeHa 11 MOTYT
OBITH VICIIOAB30BAHBI A4S COBEPILIEHCTBOBAHII KOH-
CTPYKLIMM TeIL1000MeHHBIX ycTporicts. Kpome Toro,
TPMS-pertieTky, M3roTOBA€HHBIE U3 CIEIaAbHbIX
MaTepral0B, MOTYT MCIIOAb30BaThCSI B KauecTse KaTa-
AUTUYECKUX BCTABOK B Pa3ANIHBIX TEXHOAOTMYECKIIX
3ajaJax, obecriednsasi IIpyM STOM BBICOKYIO D(dek-
TUBHOCTB [PV MMHIMA/bHOJ Macce 1 pa3Mepax.

Vccaedosanue somorreno sa cuem zpanma Poc-
cuticko20 HayuHozo Pponda No 22-23-00300, https:// rscf.
ru/project/22-23-00300/

BUBAVOTPA®UYECKNN CIIMCOK

1. Ngo LL. et al. A new design of ground heat
exchanger with insulation plate for effectively
geothermal management // Geothermics. 2022. V. 105. P.
102512. DOI: 10.1016/j.geothermics.2022.102512

2. Milovanovi¢ Z.N., Brankovié¢ D.L., Milovanovi¢
V.Z. ]. Efficiency of condensing thermal power plant
as a complex system — An algorithm for assessing and
improving energy efficiency and reliability during
operation and maintenance // Reliability Modeling in
Industry 4.0. 2023. P. 233-325. DOI: 10.1016/b978-0-323-
99204-6.00005-4

3. Wang Y. et al. Thermo-economic analysis of a
waste-to-energy assisted carbon capture system for a
coal-fired power plant // Applied Thermal Engineering.
2023. V. 229. P. 120594. DOI: 10.2139/ssrn.4243447

4. Elgamal A.H. Vahdati M. Shahrestani M.
Assessing the economic and energy efficiency for multi-
energy virtual power plants in regulated markets: A case
study in Egypt // Sustainable Cities and Society. 2022. V.
83. P. 103968. DOI: 10.1016/j.5¢s.2022.103968

5. Bayramov A.N. Comprehensive assessment
of system efficiency and competitiveness of nuclear
power plants in combination with hydrogen complex
// International Journal of Hydrogen Energy. 2023. DOI:
10.1016/j.ijhydene.2023.03.314

6. Aditya L. et al. A review on insulation materials
for energy conservation in buildings // Renewable and
sustainable energy reviews. 2017. V. 73. P. 1352-1365.
DOI: 10.1016/j.rser.2017.02.034

7. Cuce PM.,, Riffat S. A comprehensive review
of heat recovery systems for building applications //
Renewable and Sustainable Energy Reviews. 2015. V. 47.
P. 665-682. DOI: 10.1016/j.rser.2015.03.087

I'pagocrpourteancTso u apxutektypa | 2023 | T. 13, No 4

8. De Gracia A., Cabeza L.F. Phase change materials
and thermal energy storage for buildings // Energy
and Buildings. 2015. V. 103. P. 414-419. DOI: 10.1016/;.
enbuild.2015.06.007

9.BarakatS. etal. Enhancement of gas turbine power
output using earth to air heat exchanger (EAHE) cooling
system // Energy conversion and management. 2016. V.
111. P. 137-146. DOI: 10.1016/j.enconman.2015.12.060

10. Zohuri B. Compact heat exchangers. Springer.
2017. DOL: 10.1007/978-3-319-29835-1

11. Pordanjani A.H. et al. An updated review on
application of nanofluids in heat exchangers for saving
energy // Energy Conversion and Management. 2019. V.
198. P. 111886. DOI: 10.1016/j.enconman.2019.111886

12. Dixit T., Ghosh I. Review of micro-and mini-
channel heat sinks and heat exchangers for single phase
fluids // Renewable and Sustainable Energy Reviews.
2015. V. 41. P. 1298-1311. DOI: 10.1016/j.rser.2014.09.024

13. Hesselgreaves J.E., Law R., Reay D. Compact
heat exchangers: selection, design and operation.
Butterworth-Heinemann, 2016.

14. Shabgard H. et al. Heat pipe heat exchangers
and heat sinks: Opportunities, challenges, applications,
analysis, and state of the art // International Journal of
Heat and Mass Transfer. 2015. V. 89. P. 138-158. DOI:
10.1016/j.ijjheatmasstransfer.2015.05.020

15. Okonkwo E.C. et al. An updated review of
nanofluids in various heat transfer devices // Journal of
Thermal Analysis and Calorimetry. 2021. V. 145. P. 2817-
2872. DOL: 10.1007/s10973-020-09760-2

16. Pashchenko D. First law energy analysis of
thermochemical waste-heat recuperation by steam
methane reforming // Energy. 2018. V. 143. P. 478-487.
DOI: 10.1016/j.energy.2017.11.012

17. Pashchenko D. Energy optimization analysis
of a thermochemical exhaust gas recuperation system
of a gas turbine unit // Energy Conversion and
Management. 2018. V. 171. P. 917-924. DOI: 10.1016/j.
enconman.2018.06.057

18. Huang B. et al. Experimental investigation of
the flow and heat transfer performance in micro-channel
heat exchangers with cavities // International Journal of
Heat and Mass Transfer. 2020. V. 159. P. 120075. DOI:
10.1016/j.ijheatmasstransfer.2020.120075

19. Ramesh K.N., Sharma T.K.,, Rao G.A. P. Latest
advancements in heat transfer enhancement in the
micro-channel heat sinks: a review // Archives of
Computational Methods in Engineering. 2021. V. 28. P.
3135-3165. DOI: 10.1007/511831-020-09495-1

20. Fares M., Mohammad A.L.M., Mohammed
A.LS. Heat transfer analysis of a shell and tube heat
exchanger operated with graphene nanofluids // Case
Studies in Thermal Engineering. 2020. V. 18. P. 100584.
DOI: 10.1016/j.csite.2020.100584

21. Han L., Che S. An overview of materials with
triply periodic minimal surfaces and related geometry:
From biological structures to self-assembled systems //
Advanced Materials. 2018. V. 30. N. 17. P. 1705708. DOL:
10.1002/adma.201705708



A. . Tlonos, A. B. Epemun, H. H. Keunn

22. Al-Ketan O., Abu Al-Rub R.K. Multifunctional
mechanical metamaterials based on triply periodic minimal
surface lattices // Advanced Engineering Materials. 2019. V.
21.N. 10. P. 1900524. DOI: 10.1002/adem.201900524

23. Feng ]. et al. Isotropic porous structure design
methods based on triply periodic minimal surfaces
// Materials & Design. 2021. V. 210. P. 110050. DOI:
10.1016/j.matdes.2021.110050

24. Chen Z. et al. On hybrid cellular materials
based on triply periodic minimal surfaces with extreme
mechanical properties // Materials & design. 2019. V.
183. P. 108109. DOI: 10.1016/j.matdes.2019.108109

25. Abueidda D. W. et al. Effective conductivities
and elastic moduli of novel foams with triply periodic
minimal surfaces // Mechanics of Materials. 2016. V. 95.
P. 102-115. DOI: 10.1016/j.mechmat.2016.01.004

26. Sychov MMM. et al. Mechanical properties
of energy-absorbing structures with triply periodic
minimal surface topology // Acta Astronautica. 2018. V.
150. P. 81-84. DOI: 10.1016/j.actaastro.2017.12.034

27. Cheng Z., Xu R,, Jiang P.X. Morphology, flow
and heat transfer in triply periodic minimal surface
based porous structures // International Journal of Heat
and Mass Transfer. 2021. V. 170. P. 120902. DOI: 10.1016/j.
ijheatmasstransfer.2021.120902

28. Abueidda D.W. et al. Mechanical properties
of 3D printed polymeric cellular materials with triply
periodic minimal surface architectures // Materials
& Design. 2017. V. 122. P. 255-267. DOI: 10.1016/j.
matdes.2017.03.018

REFERENCES

1. Ngo LL. et al. A new design of ground heat
exchanger with insulation plate for effectively
geothermal management. Geothermics. 2022. V. 105. P.
102512. DOI: 10.1016/j.geothermics.2022.102512

2. Milovanovi¢ Z.N., Brankovi¢ D.L., Milovanovi¢ V.Z.].
Efficiency of condensing thermal power plant as a complex
system — An algorithm for assessing and improving energy
efficiency and reliability during operation and maintenance.
Reliability Modeling in Industry 4.0. 2023. P. 233-325. DOI:
10.1016/b978-0-323-99204-6.00005-4

3. Wang Y. et al. Thermo-economic analysis of a
waste-to-energy assisted carbon capture system for a
coal-fired power plant. Applied Thermal Engineering.
2023. V. 229. P. 120594. DOI: 10.2139/ssrn.4243447

4. Elgamal A.H. Vahdati M. Shahrestani M.
Assessing the economic and energy efficiency for multi-
energy virtual power plants in regulated markets: A case
study in Egypt. Sustainable Cities and Society. 2022. V.
83. P. 103968. DOI: 10.1016/j.5¢s.2022.103968

5. Bayramov A.N. Comprehensive assessment
of system efficiency and competitiveness of nuclear
power plants in combination with hydrogen complex.
International Journal of Hydrogen Energy. 2023. DOI:
10.1016/.ijhydene.2023.03.314

6. Aditya L. et al. A review on insulation materials
for energy conservation in buildings. Renewable and

sustainable energy reviews. 2017. V. 73. P. 1352-1365.
DOI: 10.1016/j.rser.2017.02.034

7. Cuce PM,, Riffat S. A comprehensive review
of heat recovery systems for building applications.
Renewable and Sustainable Energy Reviews. 2015. V. 47.
P. 665-682. DOI: 10.1016/j.rser.2015.03.087

8. De Gracia A., Cabeza L.F. Phase change materials
and thermal energy storage for buildings. Energy
and Buildings. 2015. V. 103. P. 414-419. DOI: 10.1016/;.
enbuild.2015.06.007

9.BarakatS. etal. Enhancement of gas turbine power
output using earth to air heat exchanger (EAHE) cooling
system. Energy conversion and management. 2016. V.
111. P. 137-146. DOI: 10.1016/j.enconman.2015.12.060

10. Zohuri B. Compact heat exchangers. Springer.
2017. DOI: 10.1007/978-3-319-29835-1

11. Pordanjani A.H. et al. An updated review on
application of nanofluids in heat exchangers for saving
energy. Energy Conversion and Management. 2019. V.
198. P. 111886. DOI: 10.1016/j.enconman.2019.111886

12. Dixit T., Ghosh I. Review of micro-and mini-
channel heat sinks and heat exchangers for single phase
fluids. Renewable and Sustainable Energy Reviews.
2015. V. 41. P. 1298-1311. DOI: 10.1016/j.rser.2014.09.024

13. Hesselgreaves J.E., Law R., Reay D. Compact
heat exchangers: selection, design and operation.
Butterworth-Heinemann. 2016.

14. Shabgard H. et al. Heat pipe heat exchangers
and heat sinks: Opportunities, challenges, applications,
analysis, and state of the art. International Journal of
Heat and Mass Transfer. 2015. V. 89. P. 138-158. DOI:
10.1016/j.ijjheatmasstransfer.2015.05.020

15. Okonkwo E.C. et al. An updated review of
nanofluids in various heat transfer devices. Journal of
Thermal Analysis and Calorimetry. 2021. V. 145. P. 2817-
2872. DOI: 10.1007/510973-020-09760-2

16. Pashchenko D. First law energy analysis of
thermochemical waste-heat recuperation by steam
methane reforming. Energy. 2018. V. 143. P. 478-487.
DOI: 10.1016/j.energy.2017.11.012

17. Pashchenko D. Energy optimization analysis
of a thermochemical exhaust gas recuperation
system of a gas turbine unit. Energy Conversion and
Management. 2018. V. 171. P. 917-924. DOI: 10.1016/j.
enconman.2018.06.057

18. Huang B. et al. Experimental investigation of
the flow and heat transfer performance in micro-channel
heat exchangers with cavities. International Journal of
Heat and Mass Transfer. 2020. V. 159. P. 120075. DOI:
10.1016/j.ijheatmasstransfer.2020.120075

19. Ramesh K.N., Sharma T.K., Rao G.A.P. Latest
advancements in heat transfer enhancement in the micro-
channel heat sinks: a review. Archives of Computational
Methods in Engineering. 2021. V. 28. P. 3135-3165. DOI:
10.1007/s11831-020-09495-1

20. Fares M., Mohammad A.L.M., Mohammed
A.LS. Heat transfer analysis of a shell and tube heat
exchanger operated with graphene nanofluids. Case
Studies in Thermal Engineering. 2020. V. 18. P. 100584.
DOI: 10.1016/j.csite.2020.100584

I'pagocrpourteancTso u apxutektypa | 2023 | T. 13, No 4



TEITAOCHABXEHUME, BEHTUAALINS, KOHAVMIMOHMPOBAHME BO3AYXA, TASOCHABXEHME 1 OCBEIIEHME

21. Han L., Che S. An overview of materials with
triply periodic minimal surfaces and related geometry:
From biological structures to self-assembled systems.
Advanced Materials. 2018. V. 30. N. 17. P. 1705708. DOI:
10.1002/adma.201705708

22. Al-Ketan O., Abu Al-Rub R.K. Multifunctional
mechanical metamaterials based on triply periodic
minimal surface lattices. Advanced Engineering Materials.
2019. V. 21.N. 10. P. 1900524. DOI: 10.1002/adem.201900524

23. Feng ]. et al. Isotropic porous structure design
methods based on triply periodic minimal surfaces.
Materials & Design. 2021. V. 210. P. 110050. DOI:
10.1016/j.matdes.2021.110050

24. Chen Z. et al. On hybrid cellular materials
based on triply periodic minimal surfaces with extreme
mechanical properties. Materials & design. 2019. V. 183.
P. 108109. DOI: 10.1016/j.matdes.2019.108109

25. Abueidda D.W. et al. Effective conductivities
and elastic moduli of novel foams with triply periodic
minimal surfaces. Mechanics of Materials. 2016. V. 95. P.
102-115. DOI: 10.1016/j.mechmat.2016.01.004

26. Sychov MM. et al. Mechanical properties
of energy-absorbing structures with triply periodic
minimal surface topology. Acta Astronautica. 2018. V.
150. P. 81-84. DOI: 10.1016/j.actaastro.2017.12.034

Ob6 aBTOpax:

IIOIIOB Angpeii ropesira

CTapIINIi IIperiogasarean KadpeApsl ITPOMBIIILAEHHOM
TEIZI0PHEPIETUKIA

CaMapCKMI?I TOCYAQPCTBEHHBIV TEXHUYECKII YHUBEPCUTET
443100, Poccus, r. Camapa, ya. Moaogorsapaerickast, 244
E-mail: pixinot@icloud.com

EPEMIH AnTon Baaauviposira

AOKTOP TEXHIYECKIX HayK, AOLIEHT,

3aBeayIommii KadeApoii IIPOMBIIILIEHHOI
TeILA0SHePIeTUKI

Camapckuii rocyAapCTBEeHHBII TEXHIUECKII YHUBEPCUTET
443100, Poccns, 1. Camapa, ya. Moaogorsapaerickast, 244
E-mail: a.veremin@list.ru

KEUMH Huknra Hukoaaesra

acIpaHT Kadeapsl IIPOMBIIILAEHHON TEILI09HEePTeTUKI
Camapckuii rocyAapCTBEHHBII TEXHIUECKII YHUBEPCUTET
443100, Poccns, 1. Camapa, ya. Moaogorsapaerickast, 244
E-mail: director@samaraclimat.ru

27. Cheng Z., Xu R., Jiang P.X. Morphology, flow
and heat transfer in triply periodic minimal surface
based porous structures. International Journal of Heat
and Mass Transfer. 2021. V. 170. P. 120902. DOI: 10.1016/;.
ijheatmasstransfer.2021.120902

28. Abueidda D.W. et al. Mechanical properties of 3D
printed polymeric cellular materials with triply periodic
minimal surface architectures. Materials & Design. 2017.
V. 122. P. 255-267. DOI: 10.1016/j.matdes.2017.03.018

POPOV Andrey Ig.

Senior Lecturer of the Industrial Heat

Power Engineering Chair

Samara State Technical University

443100, Russia, Samara, Molodogvardeyskaya str., 244
Email: pixinot@icloud.com

EREMIN Anton V.

Doctor of Engineering Science, Associate Professor,

Head of the Industrial Thermal Power Engineering Chair
Samara State Technical University

443100, Russia, Samara, Molodogvardeyskaya str., 244
E-mail: a.v.eremin@list.ru

KECHIN Nikita N.

Post graduate student of the Industrial Thermal Power
Engineering Chair

Samara State Technical University

443100, Russia, Samara, Molodogvardeyskaya str., 244
E-mail: director@samaraclimat.ru

Aas uutuposanust: [Tonos AWM., Epemun A.B., Kewun H.H. ViccaeaoBaHue TelaoMaccoIiepeHoca b KaHale ¢ opedpe-
HIIEM Ha OCHOBE TPVDKABI IIEPHOANYECKON MUHIMAaAbHON 1osepxHocTy // I'pasocTponTeAbCTBO U apXUTEKTYpa.
2023.T. 13, No 4. C. 49-56. DOI: 10.17673/Vestnik.2023.04.06.

For citation: Popov AL, Eremin A.V., Kechin N.N. Study of heat and mass transfer in a channel with fins based on a
triply periodic minimal surface. Gradostroitel’stvo i arhitektura [Urban Construction and Architecture], 2023, vol. 13,
no. 4, pp. 49-56. (in Russian) DOI: 10.17673/Vestnik.2023.04.06.

I'pagocrpourteancTso u apxutektypa | 2023 | T. 13, No 4



