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B nHacrosiee BpeMs, BeieTcs MOUCK CIIOCOO0B CO3/AaHMs TOBEPXHOCTEHN C KOH-
TPOJIUPYEMBIM TIporieccoM cmaumBanus [1-5]. U3BecTHO[6-8], uTO Ha Me)kMOIIEKY-
JSPHOE B3aUMOJICUCTBUE KOHICHCUPOBAHHBIX (Da3 KUIKOCTH M TBEPIIOTO Tena (cma-
YUBAHUE)BIUSAET MHOXKECTBO (PakTOpoB. OCHOBHBIMHU, U3 KOTOPBIX, SBISIOTCIXUMHU-
YECKUN COCTaB KHUJIKOCTHH MOBEPXHOCTH, a TAKXKE IIEPOXOBATOCTb.

JlazepHoe u3nmyueHue Kak crnocod oOpaOOTKHU MOBEPXHOCTH JJISl TIPUAAHUS el
HEOOXOJMMBIX CMAaYMBAEMbIX CBOMCTB mepcrnekTuBeH.Ho HaydHble OCHOBBI MpHUMe-
HEHUS JIa3€pHOTO M3Iy4YeHHUs He pa3pa0dOoTaHbl Ha YpOBHE, MO3BOJIAIOLIEM CO3AaTh
MOBEPXHOCTh METAJIOB € TUAPOPOOHBIMU WM TUAPODUILHBIMU CBOMCTBAMHU.

[enproHacrosmel paboThl SABISUIOCH SKCIIEPUMEHTAIBHOE OINPEICIICHUE 3aBU-
CUMOCTEM CTaTH4eCKOro KOHTakTHOro yria () ot oobema (V) Kamim JuCTUILIAPO-
BaHHOU BOJ[pIHAa 00PaOOTAHHBIX MMOBEPXHOCTAX JIA3EPHBIM U3ITyUCHUEM.

HccnenoBanusi IpOBOAUINCH HA YCTAHOBKE, MPUHITUI ACHCTBUS KOTOPOU MPH-
BejieH B [9-11].

DKCHEepUMEHTHI TTPOBENICHBI C UCTIOIb30BAHUEM IISITH CIICIIMAIEHO CTPYKTYpPH-
POBAaHHBIX JA3€PHBIM U3TyYEHUEM U OJTHOW MOJMPOBAHHOW MOBEPXHOCTEN U3 HEPIKA-
BEIOLIEH CTAJIN.

Ha noayioxky BBICOKOTOYHBIM J03aTOPOM ‘‘cakajiach’ Karulsl JUCTUILTUPOBAH-
HOM Boabl oobsemamu 10, 20, 30, 40, 50, 60 Mx1.
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C nmomompio mukpockona «Hitachi-3000M» monyuensr ororpadpum Mukpo-
cTpyKTyphbl yBenuuenueM B 500 pa3 (puc. 1). Cpeanee apudmeTnyeckoe OTKIOHEHUE
npoduis (Ra) onpenenenoc ucnonas3oBanuemmnpoduiomerpa «HOMMEL TESTER

T1000».
a §) B
r hi €

Puc. 1. Mukpoctpykrypa noBepxnoctu: a - Nel, Ra=1,79mkwm; 6 - Ne2,
Ra=2,58mxkmMm; B - Ne3, Ra=1,29mkMm; 1 - N4, Ra=0,618MmxmMm; 1 - Ne5, Ra=0,63MKM,
e- Ne0, Ra=0,079MKM.

[Ipu ompeneneHny MOrpenNIHOCTH SKCIEPUMEHTA CUCTEMaTHUYecKash COCTaBJIs-
olasi He y4uThIBanachk. [Ipomaxu oTOpachiBaIuCh Ha CTaauu 0OpaOOTKHU pe3yibTa-
ToB. Ka)xipIii OMBIT MOBTOPSUICS HE MEHEee MATH pa3. 3a NEeHCTBUTEIBHOE 3HAYCHUE
NPHUHATO CpelHee apu(MeTHYecKoe pe3yibTaToB m3MepeHuid. OTHOCUTENbHAs TO-
IPELIHOCTh U3MEPEHUS HE TIpeBbImana 5%.

ITo pe3ysabTatamMm IKCIIEPUMEHTOB MIOCTPOCHBI 3aBHUCHUMOCTH
(puc.2)cTaTHuecKoro KOHTaKTHOTO yria OT 00beMa KUKOCTH.
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Puc. 2. 3aBUCUMOCTH CTaTUYECKOTO KOHTAKTHOTO yTiia OT 00beMa Karid JUCTUILIIU-

POBaHHOI BOJIbI HA MOBEPXHOCTSIX U3 HEPXKABEIOIIEH cTainu 1ol HoMepamu: a) 1; 0)

2;8)3;1)4; 1) 5;¢)6; %) 7;3) 8 u)9; x) 10; m) 11.KontakTHsii yroua Ha: 1 — nomiu-
POBAaHHOU IMOBEPXHOCTH; 2 — CTPYKTYPHUPOBAHHOM.

Y CTaHOBIEHO, UTO CTAaTUYECKUN KOHTAKTHBIA YrOJIHA MOJIMPOBAHHOW MOBEPX-
HocTH Hepskasetonieit ctanu (Ra=0,079mkm)He 3aBUCUT OT 00beMa Karuiu TUCTUILIHU-
poBaHHOUW BOJbI. M3MeHEeHUE OMHUKPOCTPYKTYpHUPOBAHHBIX MOBEPXHOCTEH MOKHO
00bsicHUTD caeayronM.M3BecTHo [12-13], uTo moBeaeHWE KaIlId Ha TTOBEPXHOCTSIX
onuceiBaercs aByms Mojensamu — Kaccu-bakerepa u Bennens. B cocrossnun Kaccen-
bakcrepa (1) npu yBenudyeHun oObeMa >KUAKOCTH MEHSETCS JOJS MPOCKIIUU CMO-
YEHHOM IUIONIAaAM Ha TIOBEPXHOCTH Hoa10KKu ( f):

cos@ = f(cosgy +1) -1 (1)

YMeHbIIEHHE NOCIIEIHEN IPUBOJIUT K YBEJIMUYEHUIO CTATHYECKOIO0 KOHTAKTHO-
ro yriaa. MoxHO clenaTh BBIBOJ, YTO OTPE3KM KPHUBBIX (puc. 2), HA KOTOphIX 0
YMEHBIIAETCS TpPU YBEIWYEHUU OO0BbEMa, COOTBETCTBYIOT cocTosiHuio Kaccu-
Bakcrepa. JlanbHeiiiee yBenuyeHrne oObeMa KUAKOCTH MPUBOAMUT K TOJHOMY 3a-
MOJIHEHHIO YTIyOJIeHW Ha MOBEpXHOCTH. [IporcxoauT nepexoa oT reTepOreHHOro K
TOMOT€HHOMY PEXKHUMY CMadyuBaHUsl. MOXHO MPEANOI0XKUTh, YTO YYaCTOK, Ha KOTO-
POM MPOUCXOIUT pe3KOe U3MEHEeHHE O COOTBETCTBYET nepexoay u3 cocrosinusa Kac-
cu-bakcrepa k Benuernro.

VY CTaHOBIEHO, UTO HA MOBEPXHOCTSX 1, 4 CTAaTHUECKHUII KOHTAKTHBIN YIrOJl yBe-
muawics (yIydIImInch Tuapo(oOHbIe CBOMCTBA MOBEPXHOCTEN).0 HA MMOBEPXHOCTAX
2, 3, 5 yMeHbIIMIACH (YIyUITUINCH TUIPOPUIHHBIE CBOWCTBA).

3axmouenue. PaccMoTpeHo BiusiHue 00beMa Karuid AUCTUIUIMPOBAHHON BOJIBI
Ha 3HAUYEHUE CTATUYECKOr0 KOHTAKTHOI'O YIJIa B YCJIOBUAX (DOPMHpPOBAHUS HEIO-
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JBYDKHOM JWHUW Tpex(da3HOro KOHTAaKTa B TPOIECCe CMAYMBaHUS CIEIUATBLHO
CTPYKTYPUPOBAHHBIX MOBEPXHOCTEH M3 HEP>KABEIONICH CTanM Ja3epHbIM H3IIy4YECHH-

CM.

ITokazana BO3MOKHOCTb YIIPaBJICHUA ITPOICCCOM CMAYMBaHUSA O6pa6OTKOﬁ Ja-
3CPHbBIM U3JIYYCHHUCM HOBCpXHOCTCﬁ.

Pabota mpoBenena B uHctutyte temnopusuku CO PAH mnpu ¢unancoBoit
nojaepxke rpanta PH® (mpoext Homep 15-19-10025)
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NATURAL CONVECTION OF NANOFLUID FROM AN ISOTHERMAL
VERTICAL FLAT PLATE USING SINGLE-PHASE MODEL
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Abstract: Free convection from an isothermal vertical wall embedded in a wa-
ter-based nanofluid is studied numerically using boundary layer approach and simi-
larity method. The obtained results allow to analyze the effects of nanoparticles vol-
ume fraction and type of nanoparticles material on nanofluid flow and heat transfer.

1. Introduction

Obviously, low thermal conductivity coefficient of traditional coolants is the
main problem that prevents to an intensification of heat transfer in energy systems. It
has been shown experimentally [1, 2], that one of interesting and effective technique
for the heat transfer enhancement is to add metallic nanoparticles or their oxides in-
side the conventional fluids. The obtained fluid known as nanofluid is the suspension
of clear fluid and metallic nanoparticles or their oxides. A large number of conflicting
experimental data does not allow to clearly explain the reasons for a significant
change in transport regimes of mass, momentum and energy in nanofluids. Therefore,
the most effective method for the study of hydrodynamics and heat transfer in these
environments is to solve the equations of mathematical physics, developed on the ba-
sis of the conservation laws of continua mechanics.

2. Mathematical model

In the present work we numerically analyzed free convection of nanofluid from
the vertical isothermal flat plate presented in Fig. 1.
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